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[bookmark: _Toc190959767][bookmark: _Toc191395493]Terms of reference
I, the Hon Jim Chalmers MP, pursuant to Parts 2 and 3 of the Productivity Commission Act 1998, hereby request that the Productivity Commission undertake an inquiry into Australia’s opportunities in the circular economy to improve materials productivity and efficiency in ways that benefit the economy and the environment. 
[bookmark: _Toc176771427][bookmark: _Toc177030587][bookmark: _Toc190947626][bookmark: _Toc190947943][bookmark: _Toc190957490][bookmark: _Toc190959768][bookmark: _Toc191395494]Background
A circular economy is an economic strategy that maintains the value of materials for as long as possible and ensures materials are used efficiently across all phases of their life cycle. In October 2022, Australia’s Environment Ministers committed to accelerate the transition to a circular economy by 2030. 
International studies suggest that a more circular economy supports higher economic growth and productivity, including by increasing materials productivity (how much output is produced per unit of raw input). Australia currently has the fourth lowest rate of materials productivity in the OECD. We generate US$1.20 of economic output for every kg of materials consumed, which is under half the OECD benchmark of US$2.50.
The Minister for the Environment and Water’s Circular Economy Advisory Group has also identified commercial, regulatory, information and other barriers to achieving a more circular economy, and opportunities for Australia to improve economic and environmental outcomes through greater materials productivity and efficiency.
However, there is currently limited analysis of these matters, including the relative importance of these opportunities and how they should be measured and realised.
[bookmark: _Toc176771428][bookmark: _Toc177030588][bookmark: _Toc190947627][bookmark: _Toc190947944][bookmark: _Toc190957491][bookmark: _Toc190959769][bookmark: _Toc191395495]Scope of the inquiry
In this inquiry, the Productivity Commission is to investigate and report on:
The potential scope to lift Australia’s materials productivity and efficiency, and the best metrics to measure this opportunity and improvements made.
Priority circular economy opportunities for Australia, including identification of the sectors, products or supply chain segments:
where Australia has the greatest potential to improve materials productivity/efficiency in ways that can strengthen economic outcomes, such as productivity, economic growth, economic diversity and capability
where other countries have made the greatest progress towards circularity, and the risks and opportunities associated with these developments in international markets for Australia
where cost-efficient emissions reduction could be achieved by improving materials productivity and reducing waste.
Barriers to enhanced materials productivity and prospective approaches to addressing them, including but not limited to:
place based circular economy activities (e.g. industrial precincts and others enabled by urban planning and development)
regulatory frameworks, and other mechanisms that influence businesses’ and consumers’ decisions on materials purchasing, use and replacement or the competitiveness of circular economy initiatives
policy actions that are achievable over the near and medium term
policy actions that could be progressed by Commonwealth, state and territory, and local governments, including improvements to existing national policy frameworks. 
The Commission’s findings will inform policymaking regarding strengthening Australian circular economy. Accordingly, recommendations made by the Commission should, where relevant and appropriate, include an assessment of implementation feasibility and risk.
[bookmark: _Toc176771429][bookmark: _Toc177030589][bookmark: _Toc190947628][bookmark: _Toc190947945][bookmark: _Toc190957492][bookmark: _Toc190959770][bookmark: _Toc191395496]Process
The Commission should engage with relevant stakeholders and experts, including the state and territory governments, to identify opportunities and constraints in this area.
The Commission should provide a final report to government within 12 months of the receipt of this Terms of Reference.
The Hon Jim Chalmers MP
Treasurer
[Received 23 August 2024]
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	A circular economy aims to use materials and products more sustainably and efficiently, with economic, environmental and social benefits. 
Circular activities include designing products to use less materials, extending product lifespans via reuse and repair, and recycling and recovering materials to reduce waste. 
The benefits of circularity include more efficient use of the planet’s finite stock of natural capital to support economic and productivity growth; reduced harms to the environment, climate and biodiversity; and improved social outcomes such as health, amenity and intergenerational equity.
Some circular activities reduce materials use in ways that simultaneously benefit the economy, the environment and society. Others have trade-offs, such as lowering materials use but increasing carbon emissions (for example, if recycling requires transporting waste long distances).

	[image: ]
	Despite some uptake of circular economy opportunities in Australia, progress has been slow. 
Australia’s materials productivity, circularity rate and waste recovery rate have increased slightly over the past decade.
Barriers to adopting circular economy opportunities include high costs; prescriptive, outdated or inconsistent regulations; coordination challenges and difficulties diffusing circular innovations; and limited practical information on circular opportunities.

	[image: ]
	Updating regulations to level the playing field for newer or less widespread technologies and capabilities would support the uptake of circular activities. Harmonising inconsistent regulations between jurisdictions would lower administrative costs and burdens for businesses undertaking circular activities across Australia.

	[image: ]
	Governments can facilitate coordination and innovation diffusion by supporting information exchange platforms, adopting challenge-based innovation funding models, brokering businesses' engagement with regulatory processes, and leveraging sustainable procurement policies and place-based initiatives. The Australian Government’s current leadership and coordination of product stewardship schemes could be expanded to products with higher-risk and/or higher-value waste streams.

	[image: ]
	More information would enable better decisions about circular opportunities. For example, at the consumer level, product labelling schemes on repairability and durability would help people to make more informed purchases of sustainable products. At a higher level, monitoring the outcomes associated with materials use and circular activities would help governments and businesses identify opportunities and measure improvements.



A circular economy uses materials in more sustainable and efficient ways. Traditionally, economic activity has followed a linear ‘take, make, use, dispose’ model: raw materials are extracted, transformed into products, consumed, then disposed of as waste. By contrast, a circular economy aims to meet human needs with fewer materials, reducing the environmental impacts and costs of economic activity. 
Circular economy activities span the entire product life cycle and include designing products to use less materials (‘narrowing material loops’); extending the time that products are consumed via reuse and repair (‘slowing material loops’); and recycling and recovering materials (‘closing material loops’) (figure 1). Increased circularity has economic and productivity benefits by more efficiently using the planet’s finite stock of natural capital (materials) to support our growing population and economy. And it reduces the harms to the environment, the climate and biodiversity associated with producing and consuming things. These in turn contribute to social benefits, such as better health and amenity, more sustainable development and fairer outcomes between generations.
Circular economy practices are not new in Australia. For more than 60,000 years, Aboriginal and Torres Strait Islander people have held deep cultural, social, environmental, spiritual and economic connections to Country, and their knowledges and practices have sustained the health of Country. These holistic, place‑based understandings that emphasise connections and relationships are a powerful contribution to concepts such as a circular economy. Some governments have policies that promote the application of Aboriginal and Torres Strait Islander knowledges, and support their participation in circular economy opportunities in ways that benefit communities and respect cultural and intellectual property rights. However, in practice, governments have some way to go on enabling true partnerships to achieve these aims.
Figure 1 – Comparing the circular and linear economies
[image: This figure shows the rate at which people earned higher incomes than their parents by the income decile of their parents. It shows that the rate at which people earn higher incomes decreases as the parents’ incomes increases. Nearly all people with parents in the bottom decile earn more than their parents, whereas relatively few people with parents in the top decile earn more than their parents. ]
[bookmark: _Toc191395501]Despite some uptake, Australia’s circular economy progress has been slow
Some households and businesses are already seeking opportunities to reduce their materials use, motivated by financial or commercial reasons. For example, households can save money by slowing material loops, and repairing or reusing objects until the end of their life rather than replacing them prematurely. And businesses that narrow material loops by designing and manufacturing products that use less materials can reduce input and waste disposal costs. However, these savings need to be weighed against the cost of adopting more circular approaches, such as repair costs or the time and investment required to implement new production processes or business models.
Household and business behaviours are also shifting to incorporate sustainable practices due to concern for the environment and future generations, or other sustainability reasons. A 2024 consumer survey found that 96% of respondents engaged in at least one sustainable practice in the last three months, though price and quality continue to be the top drivers of purchases. And businesses are increasingly adopting and reporting on environmental, social and governance principles. Almost all (98%) ASX100 companies published sustainability reports in 2023, and as of January 2025 climate-related reporting is mandatory for large companies. These shifts towards sustainability reflect changing societal expectations, emerging evidence from academic studies on the benefits and costs of sustainable practices, and government policies that seek to limit environmental harms.
All levels of government have policies in place that support the circular economy.[footnoteRef:2] In general, the Australian Government is responsible for national legislation, strategies and policy frameworks, and provides national leadership for initiatives that span across jurisdictions or industries (such as product stewardship schemes). State and territory governments focus on waste management and resource recovery, and play an important enforcement role for environmental regulations. Local governments typically provide waste management services and manage infrastructure, and promote awareness among local residents. And all levels of governments provide financial incentives for circular activities that narrow, slow and close material loops, including direct funding for adopting innovative practices and via sustainable procurement policies.  [2:  Some policies directly target materials use and waste, such as waste levies on landfill. Others are aimed at reducing environmental impacts more generally and encourage greater circularity where objectives are complementary, including climate change policies (such as the Renewable Energy Target, Safeguard Mechanism, Australian Carbon Credit Unit Scheme, Capacity Investment Scheme and New Vehicle Efficiency Standard), water policy (such as the National Water Initiative) and sector-specific policies (such as in construction and mining). Several of these policies aim to put a price on the environmental costs associated with waste or, more generally, on emissions and other impacts. This seeks to address the issue that producers and consumers have not typically fully paid for these environmental costs in the past under more linear supply chains and models of materials use.] 

Until recently, government policies have tended to centre on recycling and waste management. But across all levels of government, there has been an increasing shift to incorporate earlier parts of the product life cycle. The Australian Government released a national circular economy framework in December 2024, which broadens thinking on Australia’s circular economy beyond an end-of-product life focus. The framework notes that governments have an important role to set the direction and provide supporting foundations in Australia’s transition to greater circularity.
But progress on a circular economy in Australia has been slow, despite the increasing focus on sustainability and government policy initiatives. Measuring the circular economy is challenging because of the range of activities and impacts covered. Existing indicators tend to focus on the total weight of materials used and consumed. These indicators suggest that there have been small increases in Australia’s materials productivity, circularity rate and waste recovery rate over the past decade (figure 2).[footnoteRef:3] Australia’s materials productivity of US$1.10 lags the OECD average of US$2.50, though this is largely explained by the dominance of materials-intensive sectors in the Australian economy. Materials productivity within sectors in Australia is on par with other OECD countries such as Japan, the Netherlands and Canada. [3:  Materials productivity is the amount of economic value (measured by GDP) generated from a unit of materials used (measured by the weight of domestic materials consumption). The circularity rate is the proportion of non-virgin or recycled materials used against overall materials used. The waste recovery rate is the proportion of waste that is diverted from landfill and reused, recycled or used in waste-to-energy activities.] 

[bookmark: _Toc30502221]Figure 2 – Circular economy indicators in Australia
[image: This figure compares estimates of rank-rank slope for Australia with estimates in other countries. It shows Australia has one of the lowest estimates of rank-rank slope, similar to countries such as Sweden, Denmark and Canada, meaning Australia has relatively high intergenerational mobility internationally. ]
a. Waste recovered for recycling, reuse or energy; data unavailable for 2007-08, 2011-12 and 2012-13.
[bookmark: _Toc191395502]There are opportunities for governments to address barriers to circularity
Households and businesses can face barriers to circularity. Some circular practices are costly to adopt, as they may require investing in new technology, paying for different inputs or transport, operating at a certain scale, or accessing more expensive finance to fund projects perceived as high risk. In addition, prescriptive, outdated or inconsistent regulations sometimes prevent businesses from implementing more circular practices. Lack of information can also make it hard for households and businesses that are interested in circularity to make sustainable choices. And as many circular economy activities require coordination across businesses, governments and/or households, difficulties building connections between relevant stakeholders and sharing knowledge about best practice standards present barriers to greater circularity. 
Governments can improve their policy settings to address some of these barriers. In doing so, their aim is not to achieve 100% circularity – there are trade-offs to circular activities, and a system where all materials are circulated indefinitely would not be economically, environmentally or socially optimal. And even with the right government policies in place, some circular opportunities may still be too costly for businesses and households to take up. But governments can support progress by reducing unnecessary regulatory frictions or burdens, while still maintaining policy settings with appropriate safeguards and pricing of environmental costs. Governments also have a role in facilitating coordination and improving information provision, to enable businesses and households to use materials in ways that maximise net benefits to the community.
The PC has been asked to examine priority opportunities to improve materials productivity in ways that benefit the economy and environment, and policies to address barriers to achieving them. We have identified priorities in particular sectors, products and supply chain segments based on three broad considerations: environmental and economic significance of the materials used, applicability of opportunities to Australia (including behaviours and practices that Australian governments can more readily influence), and whether there are viable policies to reduce barriers to taking up opportunities. This interim report explores opportunities and potential policy reforms in six priority areas identified using this framework (figure 3).
The built environment, comprised of buildings and infrastructure, involves large amounts of materials, waste and emissions in its construction. Priority opportunities for circularity focus on modern construction methods and using recycled materials, which could significantly reduce materials use and have scope for increased adoption.
Food and agriculture represent a large share of Australia’s economic output and exports. The sector is one of the largest users of materials for domestic production, generating significant emissions and affecting biodiversity, water and land health. Food waste and disposal occurs at all stages of the product life cycle, so priority opportunities are aimed at recovery and higher-value uses of food waste.
Textiles and clothing production, consumption and disposal have a range of negative environmental impacts including on emissions, biodiversity, soil health and water quality. Australians are the biggest per‑capita consumers of clothing in the world. However, because most of these products are imported, priority opportunities focus on consumption rather than production.
Mining is one of the Australian economy’s largest sectors by output. It accounts for the majority of domestic materials extraction and produces more waste than all other sectors combined. Mining companies have widely adopted circular activities in minerals exploration, extraction and processing, so priority opportunities relate to mining waste and alternative post-mining land uses.
Vehicles are a sizeable contributor to emissions and materials use, with nearly as many vehicles as people in Australia. However, Australia has a very small domestic vehicle manufacturing industry and does not have significant influence on global manufacturers’ decisions due to our small market size. As such, priority opportunities focus on reuse and recycling of vehicle components such as tyres and electric vehicle batteries.
Electronics generate large waste streams with highly valuable and/or hazardous materials that pose environmental and safety risks. The volume of e-waste generated from lithium-ion batteries and solar photovoltaic (PV) systems is expected to increase significantly. Priority opportunities are aimed at improving recovery and recycling of materials in these products.
Figure 3 – Six priority areas explored in this interim reporta
[image: This figure presents poverty rates before housing costs across Australia. Poverty rates are high in many regional and remote areas, especially in the Northern Territory and Tasmania. Poverty is generally lower in cities, although there are still pockets of high poverty. ]
a. Statistics show contribution and impacts in Australia. b. Built environment statistics are for the construction sector. c. Emissions statistics are for direct (scope 1) emissions.
[bookmark: _Toc191395503]Reducing regulatory barriers would encourage circular activities
Circular economy opportunities are diverse and exist across many sectors, locations and processes. As such, businesses pursuing these opportunities are affected by numerous regulations (such as health, environmental and planning regulations). 
Some existing regulations and policies favour more linear processes or limit the adoption of circular practices, and updating these would level the playing field for newer or less widespread technologies and capabilities that improve materials productivity. Regulations are necessary to reduce or mitigate against the risks of adverse outcomes and engender community trust. However, they should be set and enforced in a way that minimises unnecessary burdens on businesses demonstrating compliance, and without disadvantaging those seeking to adopt innovative circular practices. These innovations contribute to economic growth and diversity by enabling new and more sustainable production processes and business models, beyond traditional linear practices. This interim report identifies several opportunities to update existing regulations and policies.
Prescriptive standards governing construction can limit the narrowing of material loops by constraining adoption of more sustainable design and material‑efficient technologies, such as prefabrication. Prescriptive building standards can also limit the use of recycled materials in public infrastructure projects, such as roads, reducing businesses’ ability to close material loops. Governments could work with industry and stakeholders such as Standards Australia to update standards for using recycled materials in construction, and target standards around performance rather than prescription to avoid unnecessarily limiting the use of modern construction methods.
Regulations on using anaerobic digestion to convert food and other organic waste into energy (such as biogas) limit the adoption of this technology. Governments could develop certifications and/or update carbon reporting methodologies for biogas derived from anaerobic digestion and drawn from shared infrastructure so that the environmental benefits of this energy source are better priced. Improving other regulatory settings, such as waste classifications and zoning, could also facilitate uptake.
Approval requirements and regulations in mining can discourage companies from closing material loops by extracting residual minerals from their waste via tailings valorisation, or repurposing old mine sites for higher-value uses with broader regional benefits. A national assessment of state‑based mining regulations could identify and reduce barriers to reprocessing mining waste and repurposing mine sites.
Any regulatory changes would need to balance environmental and economic risks and benefits, and consider potential impacts on the compliance load for businesses and enforcement burden for different levels of government. Changing regulations to enable the pursuit of circular opportunities in a way that has unintended negative outcomes could lower community support and wellbeing.
Further, inconsistent regulations across different jurisdictions create additional costs for businesses operating across state and territory borders. Different settings for different jurisdictions can be justified where local environments, activities and preferences differ. But in other cases, jurisdictional regulations could be harmonised – particularly where the differences between states and territories are definitional or administrative, rather than substantive or relating to outcomes. Streamlining these administrative inconsistencies would reduce the regulatory burden on businesses with national operations, and reduce frictions for businesses deciding where or whether to operate, therefore lowering barriers to productivity growth. This interim report identifies several opportunities for improving consistency, some of which Australian, state and territory governments are already considering.
There are inconsistent bans on lithium-ion battery disposal, recycling and classification, even though these batteries’ hazardous nature and fire risk in landfill are similar throughout jurisdictions across Australia. 
Different states and territories have different specifications on allowable content for recycled materials in infrastructure construction projects, but settings can be based on the same data and industry standards.
Inconsistent waste classifications, including on organics and e-waste, present challenges for businesses with recycling activities across state and territory borders. Moreover, products made using recycled waste as inputs can be classified as waste in some jurisdictions, further increasing costs and limiting market access for businesses selling these circular products. The Heads of Environment Protection Authorities (EPA) Strategic Plan includes an action to align waste classifications, as far as practicable.
Kerbside recycling requirements vary across and within jurisdictions, contributing to increased contamination of recycling streams and lowering the value of recycled materials. Governments are working together on harmonising requirements under the National Kerbside Collections Roadmap, following in-principle agreement from the Environment Ministers’ Meeting.
[bookmark: _Hlk188271178]Intergovernmental coordination is required to work out the detail on what settings regulations should be harmonised to, and how. This could leverage existing coordination mechanisms such as Environment Ministers’ Meetings, the Heads of EPA alliance of environmental regulators, and/or departmental officer-level communities of practice. Different forums could be relevant in contributing to different aspects of the harmonisation process. For example, regulators could provide technical expertise, while government decision makers would be required to make policy decisions. Alternatively, if existing arrangements are not enough, governments could create a new interjurisdictional body dedicated to circular economy harmonisation efforts – as was suggested in the Circular Economy Ministerial Advisory Group’s final report.
[bookmark: _Toc191395504]Coordination between industry and by governments could be improved
Many circular economy opportunities are enabled by coordination and collaboration between stakeholders. For example, circular practices can rely on businesses creating new supply chains or linkages with other businesses to exchange materials and learnings. But an individual business may face difficulties building these connections due to lack of knowledge, time or funds. And navigating complex regulatory processes can require coordination and information provision across several levels and departments of government.
Government-facilitated coordination supports greater uptake of circular activities and innovations by lowering coordination costs for an individual business. This not only improves circularity and materials productivity, but also creates opportunities for businesses to diversify their production processes and build capability in sustainable practices, generating both economic and environmental benefits. While some circular technologies and practices are eligible for existing grant funding, this interim report suggests that governments could encourage collaboration across the supply chain using challenge-based innovation funding models. Governments could also explore other avenues for coordination and innovation diffusion, such as building on trials of digital platforms that enable connections between waste producers and users to close material loops, and addressing coordination issues between food donors and charities (such as transport and storage) that are currently limiting food waste rescue.
Initiatives could involve governments partnering with other stakeholders, including local community organisations, research bodies or industry associations. For example, governments can facilitate connections between academia and industry that provide new opportunities to commercialise research. Some partnerships are already exploring circular opportunities, such as the Collaborate to Thrive program between Hume City Council, Victoria University and Circular Economy Victoria, and Shoalhaven City Council partnering with the UNSW SMaRT Centre to improve recycling infrastructure.
In addition, governments can help businesses to navigate regulatory complexity by supporting coordination or ‘brokering’ services. Some businesses seeking to pursue circular opportunities have used private consultants to assist with regulatory approvals across multiple departments and levels of government, with positive results, but not all businesses are aware of or can access private services. Governments can work directly with businesses seeking regulatory approvals to make the process as efficient as possible. For example, Container Exchange Queensland worked closely with the Queensland Government to overcome regulatory constraints and align with evolving state and national regulations. This interim report suggests that there could be productivity gains from governments supporting businesses to navigate regulations, either by directly engaging with businesses or leveraging existing brokering services or industry partnerships.
Government procurement provides another channel for facilitating coordination between businesses and with government, particularly where the government is a large purchaser of a product or service, such as public infrastructure. Several governments have sustainable procurement policies that cover circular practices. But relying solely on procurement has limitations: it takes time for suppliers to adopt and demonstrate changes, government decision makers need to build understanding of new requirements, and the broad range of procurement objectives creates additional administrative burden and potentially increases the costs of goods and services purchased by governments. 
Programs that support and build on sustainable procurement policies enhance the impact of these policies and promote connections between and within government and industry. For example, in Victoria, the ecologiQ program accompanying the Recycled First Policy facilitates connections between infrastructure projects, businesses producing recycled materials and government decision makers. It promotes information sharing between government and businesses, builds confidence in innovative approaches to using recycled materials and closing material loops, and is highly regarded by industry stakeholders. This interim report identifies an opportunity for similar initiatives to be rolled out by other state and territory governments.
Place‑based initiatives help to enable coordination, address distance challenges and support businesses to develop and share new ideas. Businesses can use their neighbours’ byproducts as material inputs for their own production (‘industrial symbiosis’) and learn from each other about innovative circular practices or how to efficiently navigate government approval processes. Often there are commercial benefits to using local waste streams as inputs, such as lower transport and other costs, as in WA’s Kwinana Industrial Area. Co-location also has broader benefits such as local jobs creation, economic growth, social engagement and community cohesion, as evident at the Cherbourg Materials Recovery Facility on Wakka Wakka Country in Queensland and in Bega Valley in New South Wales.
Productive connections between businesses in these precincts and communities can arise in the course of business as usual, or by chance. But many businesses do not have the time or knowledge to identify circular opportunities with their neighbouring businesses, and innovation can be challenging to grow and scale. This interim report suggests that governments can help reduce barriers to local coordination by integrating circularity into precincts with related objectives (such as net zero), building on existing service delivery and infrastructure (such as recycling and waste management), and reducing regulatory barriers to encourage place-based experimentation and circular activities. Governments contemplating support for place-based initiatives should consider whether businesses already have motivations for co-location and local coordination, and how to design programs to enable local activities to grow sustainably so they do not require ongoing government support.
A particular policy area where the Australian Government has a significant role in providing national leadership and coordination is product stewardship schemes. Product stewardship schemes make businesses responsible for managing the environmental impacts of products and materials over their life cycle, through activities to close, narrow and slow material loops.[footnoteRef:4] Making the businesses that create or sell products responsible for these impacts is more likely to lead to meaningful change across the life cycle, as businesses earlier in the supply chain have more direct control over design and production decisions than end consumers. It is challenging for state and territory governments to implement and enforce these schemes, as much of their activities require coordination at a national level, such as sharing information, aligning on best practice standards or involving international supply chains and trade flows. [4:  These include resource recovery and recycling, improving sustainability in product design and extending product lifespans. Product stewardship schemes can also involve levies paid on new products sold.] 

Product stewardship schemes are typically sector- or product-specific with varying degrees of government involvement, ranging from voluntary industry-led schemes accredited by the government, to co-regulatory and mandatory schemes. Implementing a mandatory scheme has higher setup costs and requires more compliance monitoring and enforcement, and moving too fast to mandatory arrangements can reduce opportunities for businesses to join and ‘buy-in’ to the scheme. This interim report suggests that there is scope for the Australian Government to more actively coordinate stewardship for products with higher-risk and/or higher-value waste streams, and where arrangements are currently underdeveloped, ineffective or inconsistent across different jurisdictions. 
Electric vehicle (EV) batteries pose significant environmental and safety hazards if not properly disposed of. Growing demand for EVs is expected to significantly increase EV battery waste, and high-value materials could be recovered from this waste. A co-regulatory product stewardship scheme for EV batteries could include government compliance and enforcement activities to support traceability and information sharing, and standards on safe transport, storage and processing methods. Such standards have been developed in the US and Canada, while the EU has introduced digital passports to provide information about EV batteries across their life cycle.
Solar panels are another emerging waste stream featuring materials that are relatively hazardous in landfill and relatively high value if recovered. Similar to EV batteries, setting up an appropriate co‑regulatory product stewardship scheme for solar panels now will provide the foundations for higher resource recovery and lower environmental impact in coming years as volumes of hazardous waste increase. The Australian Government intends to develop such a scheme for small-scale PV systems, though its design and implementation are yet to be finalised. There has been international progress on addressing solar PV system waste and stewardship in the EU, China, Japan and some US states.
Small electronic products are not included in the existing National Television and Computer Recycling Scheme (NTCRS).[footnoteRef:5] Many of these products have embedded lithium-ion batteries, which present significant safety risks upon disposal. Some state governments are separately proceeding on addressing these risks, but a national co-regulatory product stewardship scheme for small electronics would improve consistency and efficiency. The Australian Government intends to develop such a scheme, but its design and implementation are yet to be finalised. [5:  The NTCRS is a co-regulatory product stewardship scheme that covers televisions and computers, including printers, computer parts and peripherals. It focuses on recycling e-waste, resulting in some otherwise functional or repairable products being dismantled or destroyed. As such, this interim report reiterates the recommendation from the PC’s 2021 Right to Repair inquiry that the NTCRS should include reuse and repair within annual targets.] 

Plastics and packaging are covered by a co-regulatory product stewardship scheme, but the existing scheme is ineffective. The Australian Government is currently considering potential reforms, including transitioning towards mandatory product stewardship arrangements, which is broadly supported by many stakeholders. A detailed understanding of the benefits and costs of a mandatory approach, and the extent to which the benefits outweigh costs, should underpin any shift towards heavier government intervention.
[bookmark: _Toc191395505]Addressing information gaps would support decision making
Poor information quality and availability limits the ability of households and businesses to adopt more circular practices, as even if they wish to change behaviours, they may lack the information to make sustainable choices. And limited system-wide data on circular economy progress and impacts means that governments and other stakeholders are less able to make well-informed decisions about circular activities and policies.
From a consumer perspective, better visibility on product repairability and durability would enable more informed purchase choices and greater confidence regarding which products are easier to repair or have longer lives. This can shift behaviours towards these products, which slows material loops. For example, France’s repairability index (which reports on the ease of repairing various consumer electronics) has led to retailers selling more repairable products in greater proportions than less repairable ones, and manufacturers introducing new product models that are increasingly repairable. This interim report reiterates the recommendation from the PC’s 2021 Right to Repair inquiry that the Australian Government should introduce a product labelling scheme that provides consumers with repairability and durability information for appliances and electronics. It also suggests that improving labelling on textiles and clothing products to provide information on design, material composition, repairability and durability could support consumers and businesses to adopt circular practices.
At a system level, existing indicators measuring Australia’s circular economy are highly aggregated and weight based, and do not specifically reflect the environmental, economic and social outcomes associated with different types of materials use and circular activities. An expanded set of indicators would enable governments and businesses to identify circular opportunities that could lift Australia’s materials productivity and have positive environmental, economic and/or social impacts, and to measure the improvements made. This supports national efforts to achieve the targets in Australia’s Circular Economy Framework on improving resource recovery, reducing material footprint and lifting materials productivity. It can also inform policy decisions around industry and regional development, and the contribution that circular opportunities could make to economic and productivity growth.
To achieve these aims, this interim report proposes an expanded set of circular economy indicators that could be measured in Australia, relating to the environmental and economic outcomes from circular activities.[footnoteRef:6] The proposed indicators are based on outcomes measured in more developed international monitoring frameworks and the level of granularity required for opportunity identification and progress tracking in the Australian context. [6:  Proposed indicators relating to environmental outcomes include waste generated by material type and sector, recovery rates by material type and sector, and greenhouse gas emissions from production activities by sector. Those relating to economic outcomes include gross value added of circular economy activities by sector, jobs in circular economy activities by sector, business investment in circular economy activities by sector, and research and development expenditure on circular economy technologies by sector.] 

These benefits need to be weighed against the costs associated with collecting more data when determining the role for government in circular economy measurement. Data on several indicators is already collected and reported elsewhere (such as the National Waste Report and National Greenhouse Accounts), and some broader environmental data initiatives are also underway (such as the newly established Environment Information Australia and the ABS considering including environmental impacts on the economy in the System of National Accounts). Where there is existing reporting or activity underway, data may be able to be added to a suite of indicators for monitoring Australia’s circular economy at relatively low cost. The feasibility of other indicators could be limited by the potentially large costs associated with attributing outcomes to circular economy activities and disaggregating data by sector.
[bookmark: _Toc191395506]The PC is seeking further information about its proposed reform directions
Throughout this interim report, the PC has proposed reform directions on which it is seeking further information as an input to developing its final recommendations for this inquiry. The PC is also requesting information about other issues and policy areas that could feature in recommendations in its final report. Requests for information include questions about:
the current and potential uptake of circular economy opportunities in specific sectors and materials
the nature and size of the expected benefits of circular opportunities, and how policy reform directions enabling opportunities could be implemented to maximise these benefits
the costs and implementation options associated with reform directions, including which are achievable over the short to medium term and which levels of government are best placed to progress them.
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[bookmark: _Toc190957497][bookmark: _Toc190959775][bookmark: _Toc191395507]Recommendations, reform directions and information requests
In this interim report, the PC has identified circular economy opportunities where policy changes could result in net benefits to the community. ‘Recommendations’ are relevant policy changes that the PC has included as final recommendations in past inquiries, which governments have not yet fully implemented. ‘Reform directions’ are potential policy changes that the PC is currently considering. The PC is also seeking further input via ‘information requests’ as part of developing this inquiry’s final recommendations.
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	Reform direction 4.1
Enabling fit-for-purpose use of recycled materials in public projects

	The PC is considering ways governments can reduce unnecessary regulatory barriers to using fit‑for‑purpose recycled inputs in public infrastructure projects (such as roads). Options could include modifying or harmonising existing standards and specifications and developing new standards. 
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	Information request 4.1
Enabling fit-for-purpose use of recycled materials in public projects

	The PC is seeking information on: 
prescriptive versus performance‑based standards:
specific examples where prescriptive standards or specifications for infrastructure construction significantly inhibit the use of recycled materials
what other benefits or objectives these prescriptive standards are intended to achieve (for example, public safety, or to enable clarity for smaller businesses)
ways that various levels of governments could facilitate greater use of performance‑based standards
challenges, costs and benefits, and implementation issues that need to be considered if moving from prescriptive to performance‑based standards (for example, monitoring and enforcement)
harmonisation of standards:
key areas where there is scope to harmonise standards and specifications across states or territories and increase the use of recycled materials
specific implications (costs, benefits, risks) of harmonisation (for example, due to lack of flexibility to reflect local conditions), and whether or how they could be overcome.
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	Reform direction 4.2
Coordination mechanisms to enhance the benefits of sustainable procurement policies

	The PC is exploring the potential for governments to introduce or expand delivery mechanisms around sustainable public procurement policies to facilitate coordination between suppliers, contractors and government agencies. This could include publishing information or connecting suppliers and users of recycled materials, as in Victoria’s ecologiQ program.  
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	Information request 4.2
Coordination mechanisms to enhance the benefits of sustainable procurement policies

	The PC is seeking information on: 
the benefits and costs associated with introducing or expanding government-led coordination initiatives to support public procurement policies in different jurisdictions
how further government efforts to facilitate coordination between suppliers, contractors and government agencies could be implemented to maximise net benefits to the community
specific ways that coordination could assist suppliers of recycled materials to navigate sustainable procurement policy requirements and help government procurement agencies and suppliers identify win-win opportunities.
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	Reform direction 4.3
Reducing unnecessary regulatory barriers to prefabricated construction

	The PC is considering a reform direction to further address regulatory barriers to prefabricated construction (noting that governments are currently implementing several initiatives to address these barriers). This may relate to:
addressing planning requirements and design codes that stymie prefabricated construction
establishing fit-for-purpose compliance pathways in the national compliance framework
establishing new processes and schemes for national building product conformity.  
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	Information request 4.3
Reducing unnecessary regulatory barriers to prefabricated construction

	The PC is seeking further information on the regulatory barriers to prefabricated construction, including:
the extent to which recently announced measures by the Australian Government (the Australian Productivity Fund and the Voluntary Certification Scheme) will address key barriers to prefabricated and modular construction
how these initiatives could be implemented to maximise the net benefits to the community 
specific regulatory changes (including recommendations from previous reviews that remain relevant) that would have the largest effect on uptake of prefabricated and modular construction, and:
the magnitude of the environmental, economic and social benefits associated with these changes, and measures and metrics that may quantify this
costs associated with the changes, including resources required for implementation, compliance and enforcement, and potential impacts on the environment associated with different regulations
how regulatory changes could be implemented to maximise the net benefits to the community.
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	Information request 4.4
Other circular economy opportunities in the built environment

	The PC is seeking the following information on government assessment of public infrastructure projects, and integrated planning: 
any examples of infrastructure investment decisions proceeding without adequate integrated planning or assessment, which have led to significant unnecessary materials use and waste that may otherwise have been avoided
the extent to which and ways in which improving assessment of public infrastructure projects could reduce materials use and waste, including quantitative analysis of costs and benefits (where available)
barriers preventing further adoption of integrated urban planning, which governments could address.
The PC is seeking the following information on designing for disassembly in the built environment:
expected growth in design for disassembly for different types of structures in Australia, in the absence of any further government activity
barriers preventing further adoption of design for disassembly in Australia, which governments could address.
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	Reform direction 5.1
Reducing food waste through food relief and donation to charity

	The PC is considering how governments could facilitate greater donation of edible foods to the food relief sector. Supporting measures could include governments assisting food donors and charities to deal with transport and storage constraints, which currently prevent the diversion of edible food from disposal to food relief organisations.
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	Information request 5.1 
Reducing food waste through food relief and donation to charity

	The PC is interested in further information on the following matters:
specific regions or stages of food donation (collection, storage, distribution) where barriers and challenges arise
the most significant kind of barriers faced by the food relief sector, including (but not limited to) coordination issues and infrastructure capacity constraints, and how these might be overcome
ways, and quantitative assessments of the costs and benefits (where available), governments can make food collection and distribution easier for small and/or geographically dispersed food businesses and charities, including incentivising the use of private storage and transport infrastructure
examples of governments successfully playing a coordination role between food donors and food relief organisations in Australia or other countries.
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	Reform direction 5.2
Recognising the benefits of biogas in carbon reporting  

	The PC is considering how the emissions reduction benefits of anaerobic digestion projects that produce biogas from organic waste could be better accounted for, reported and valued. Options include developing certifications and/or other ways of accurately reporting biogas energy use, similar to those applicable to users of liquid biofuels under the National Greenhouse and Energy Reporting (NGER) legislation.
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	Information request 5.2
Recognising the benefits of biogas in carbon reporting  

	The PC is seeking further information (including data, where available) on the following matters:
the extent to which modified carbon reporting methodologies for biogas use, similar to those for liquid biofuels use under NGER legislation, could materially increase uptake of anaerobic digestion projects in Australia
the extent to which a nationally recognised certificate for biogas is necessary to accurately value the environmental benefits of using biogas drawn from shared infrastructure
the benefits, costs and risks associated with adopting certifications or modified reporting methodologies for biogas.
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	Information request 5.3
Reforming regulations to support the recovery of value from organic waste  

	The PC is seeking further information on regulatory barriers to projects that recover value from organic waste. Specifically, the PC is interested in further information on the following matters:
specific regulations or regulatory inconsistencies that create disincentives to invest in projects that recover the value of organic waste (and estimates of associated compliance costs, where available)
examples of projects not proceeding because of restrictive regulations or regulatory inconsistencies
opportunities for reducing these barriers without compromising objectives such as protecting human health, the natural environment or local amenity (e.g. odour), including examples of best practice.
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	Information request 6.1
Protections for consumers of textiles and clothing 

	The PC is seeking the following information on protections for consumers of textiles and clothing:
the extent to which consumers of textiles and clothing products consider certification trademarks when choosing between different products and what product qualities those certifications cover (for example, ethical production, sustainable inputs, product functionality)
which certification trademarks are considered most trusted in the textiles industry and by consumers, and what makes them stand out compared to others
the extent to which textiles and clothing manufacturers and retailers engage in misleading behaviours (for example, misleading logos, terminology, or accreditation; providing insufficient information to support claims) that fall outside of existing general consumer protection laws (such as the Unfair Trading Practices prohibition) and associated compliance activities (guidelines) 
what, if any, harms to consumers arise from these misleading claims 
actions that governments or product stewardship schemes could take to promote the availability of reliable and relevant information about whether clothing and textiles products’ claims related to circularity and sustainability are accurate and credible. 
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	Reform direction 6.1
Product labelling for textiles and clothing

	The PC is considering the role for governments in product labelling to improve the availability of information about textiles and clothing products (such as their design, material composition, repairability and durability) and enable consumers and businesses to adopt circular practices. Options could include amending existing regulatory frameworks or standards governing existing textile and clothing labelling schemes, and/or designing and developing a new product labelling scheme with industry. 
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	Information request 6.2
Product labelling for textiles and clothing

	The PC is seeking the following information on product labelling for textiles and clothing:
the types of information on product qualities (such as sustainable inputs, reparability, durability and recyclability) that would be usefully included on product labels for: 
consumers, to support their ability to buy circular textiles and clothing products 
textiles recycling and upcycling businesses, to support their ability to adopt circular opportunities
what would be required for businesses and retailers in Australia to access accurate and consistent information for product label details
the extent a product labelling scheme could build on existing information systems, standards and regulations or would require new ones to be set up, and associated costs and implementation issues
whether other forms of labelling or information (business to business, or end of system) could facilitate greater circularity across the textiles product life cycle.
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	Information request 6.3 
Textiles and clothing product stewardship schemes

	 The PC is seeking further information on:
the impacts of changing from a voluntary industry-led scheme to a voluntary accredited, co-regulatory or mandatory scheme, such as:
the value of potential environmental, economic and/or social benefits from greater government involvement in textiles and clothing product stewardship schemes
the size and nature of potential costs associated with this increase in government involvement
reasons for businesses and retailers to join or not join the Seamless and ABSC schemes, and what additional incentives or changes would encourage greater participation
businesses’ and retailers’ experiences of participating in textiles and clothing product stewardship schemes, including challenges faced and benefits gained 
limitations in current government accreditation arrangements and how they can be improved to implement effective voluntary schemes.
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	Reform direction 7.1
Reducing regulatory barriers to circular economy opportunities for mining waste and alternative post-mining land uses 

	The PC is considering whether there is scope to reduce regulatory barriers related to circular economy opportunities in mining waste and repurposing land post‑mining. An assessment of these barriers across state, territory and Australian government policies could consider: 
processes and permissions required to re‑mine or re‑purpose mining tailings
regulations and practices that make it difficult for multiple operators to co-exist on a mine site 
restrictions on transporting mining waste
regulation and practices that maximise net environmental, economic and social benefits from mine transitions, including repurposing infrastructure associated with mine sites
regulations limiting the ability of new operators to take on mine sites for alternative higher‑value uses, such as liabilities for legacy environmental impacts.
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	Information request 7.1
Reducing regulatory barriers to circular economy opportunities for mining waste and alternative post-mining land uses

	The PC is seeking further information on:
specific examples of regulations that have impeded circular economy opportunities for mining waste or alternative uses for closed mine sites, and the expected benefits, costs and risks of reducing regulatory barriers (including quantitative analysis, where available)
potential solutions to regulatory barriers, such as new regulatory frameworks or legislative changes
specific areas of investigation or questions for an assessment of regulatory barriers related to mining waste materials recovery and repurposing closed mine sites
the extent to which addressing regulatory barriers would increase the uptake of circular economy opportunities for mining waste and alternative post-mining land uses (including quantitative estimates, if available), or if other barriers would still prevent meaningful uptake. 

	



	[image: ]
	Information request 7.2
Ways governments could facilitate circular economy opportunities for mining waste and alternative post-mining land uses 

	The PC is seeking further information on:
ways that governments could better facilitate circular economy opportunities for mining waste and alternative post-mining land uses, such as improvements to regional planning and development, applying stricter standards on the production and storage of mining waste, or introducing disincentives for producing mining waste, such as mining waste levies
the benefits, costs and risks associated with these options (including quantitative analysis, where available). 
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	Recommendation 8.1
Evaluating the Motor Vehicle Service and Repair Information Sharing Scheme

	The PC recommends the Australian Government’s evaluation of the Motor Vehicle Service and Repair Information Sharing Scheme in 2025-26 assess the following:
the costs and benefits for various stakeholders and whether the scheme is delivering net benefits
whether the scheme is achieving its objectives to improve competition and choice in the market and how the scheme could be potentially improved 
the costs and benefits for various stakeholders if the scheme were to be expanded to include a greater scope of products (such as agricultural machinery) or to provide fair access to more repair market participants (such as spare parts suppliers and marketplaces).
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	Information request 8.1
Targeted measures to improve the collection and recovery of off-the-road tyres

	The PC is seeking input on appropriate policy actions to improve collection and recovery rates of off‑the‑road (OTR) tyres, and the extent to which policies could lead to net benefits to the community. 
What are the environmental, economic and social impacts of unrecovered OTR tyres? What are the size of these impacts (including any data, if possible)?
Which policy actions would be most effective in improving collection and recovery rates? What are the benefits to the community associated with these policies (including any data, if possible)?
What are the costs and benefits of implementing and enforcing these policies (including quantitative analysis, where available)? 
What are the roles for different levels of government in implementing these measures? 
What are the ways in which governments can partner with Aboriginal and Torres Strait Islander communities on collection and recovery opportunities? 
What are the current levels of demand for products that can be produced from OTR tyres (including any data, if possible)? Are there any technical or regulatory barriers inhibiting their production or use?
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	Reform direction 8.2
Establish the foundations of a robust end-of-life electric vehicle battery industry

	The PC is considering the role for the Australian Government in improving end-of-life electric vehicle (EV) battery management and supporting the establishment of a circular industry for EV batteries. This could involve implementing a co-regulated product stewardship scheme to oversee the end-of-life management of EV batteries, featuring:
improved traceability of EV batteries, such as through a digital passport
regulations on second-use battery quality and performance for consumer use
standards for the transport, storage and end-of-life processing of EV batteries.
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	Information request 8.2
Establish the foundations of a robust end-of-life electric vehicle battery industry

	The PC is seeking further information about government measures that could appropriately facilitate support for and overcome barriers to the development of a robust end-of-life electric vehicle (EV) battery industry. Measures could address supply of end-of-life EV batteries, or demand for second-life batteries and battery products. The following questions can help inform responses:
Are there technological or regulatory barriers inhibiting reuse, repurpose and recycle activities?
What are current levels of market demand for second-life EV battery products in Australia (including any supporting data)? Are there barriers to connecting supply of these products with demand?
What costs would the measures place on businesses and consumers, and (for regulation) on government implementation and enforcement (including quantitative analysis, where available)? 
What activities could be undertaken by state, territory and local governments to support any overarching scheme implemented by the Australian Government? 
What additional measures are needed to address environmental and safety concerns related to EV battery handling and processing?
What are the costs and benefits (including estimates, where possible) of developing further processing capability of black mass in Australia?
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	Recommendation 9.1
Introduce a product labelling scheme for household appliances and consumer electronics

	To better inform consumer purchasing decisions, the Australian Government should develop a product labelling scheme that provides consumer information about durability and repairability for household appliances and consumer electronics, as recommended in the PC’s Right to Repair inquiry (2021).
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	Recommendation 9.2
Include reuse and repair targets in the NTCRS and increase the use of tracking devices

	The Australian Government should amend the NTCRS to include reuse and repair within annual targets, as previously recommended in the PC’s Right to Repair inquiry (2021). The NTCRS should also increase its use of e-waste tracking devices to better monitor co-regulatory bodies and their downstream recyclers.
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	Information request 9.1
Barriers to greater reuse and repair

	The PC is seeking further information on barriers to greater reuse and repair in the electronics sector and how widespread the issues are, including:
whether there is unmet demand (including any data, if possible) for reuse and repair services, and if so, which electronic products and consumers are most affected
what might be preventing the supply of these services
what governments’ role might be to address any barriers to these services, including relating to:
skills and accreditation for the repair of electronic products
coordination of and information provision about access to electronic repair services, including where this may assist recipients of social benefits and services.
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	Reform direction 9.3
Product stewardship for small electronics, including embedded lithium-ion batteries

	The PC supports the Australian Government’s intention to establish a co-regulatory product stewardship scheme for small electronics and is seeking further information on how the scheme could be designed and implemented to support materials productivity and economic outcomes.
Given the immediate risks of battery fires and the inefficiency and complexity of creating multiple state- and territory-based stewardship systems, the Australian Government should prioritise establishing co‑regulatory stewardship arrangements for electronic products with embedded lithium-ion batteries.
Harmonising regulations for lithium-ion batteries will support the success of this scheme. 
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	Information request 9.2 
Product stewardship for small electronics, including embedded lithium-ion batteries

	The PC is seeking further information on:
what barriers (such as public awareness or infrastructure) currently limit the collection and recycling of different types of small electronics, and how these barriers differ by product
how including different types of small electronics in a product stewardship scheme would result in environmental, economic and/or social benefits and costs (including estimates, where possible)
the costs and benefits of expanding existing product stewardship schemes – such as the co-regulatory NTCRS or the voluntary B-cycle scheme – to include (other) small electronics, rather than establishing an entirely new scheme
whether and how a staged approach (e.g. by product or location) could be a cost-effective way to sequence the addition of small electronics into a product stewardship scheme, whether new or existing
if staged by product, which products should be addressed first and why
what the costs and benefits would be (including estimates, where possible) of introducing a minimum threshold for the value of small electronics to be included in a product stewardship scheme
what compliance and enforcement arrangements would be necessary under a co-regulatory scheme to encourage adoption and address ‘free rider’ behaviour
how else the scheme could support circularity earlier in a small electronic product’s life cycle, including sustainable design and reuse and repair activities.
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	Reform direction 9.4
Product stewardship for small‑scale PV systems

	The PC supports the Australian Government’s intention to establish a co‑regulatory product stewardship scheme for small‑scale PV systems, including legacy waste, and is seeking further information on how the scheme could be designed and implemented to support materials productivity and economic outcomes.



	[image: ]
	Information request 9.3
Product stewardship for small‑scale PV systems

	The PC is seeking further information on:
whether large-format or energy storage batteries should be included or excluded in the scheme (including estimates of the costs and benefits, if possible)
whether compensation should be provided for PV systems returned in good condition (including any estimate for this compensation and cost-benefit considerations)
how best to establish a system of collection points for PV waste, including local government involvement, especially in regional and remote areas, and whether existing collection points such as those under the NTCRS could be leveraged
which specific industries or markets in Australia, if any, could benefit from the recovered materials of PV waste (including the size of these benefits, if possible)
how else the scheme could support circularity earlier in the solar PV system life cycle, including sustainable design and reuse and repair activities.
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	Reform direction 10.1
Governance arrangements to harmonise regulations that pose barriers to circularity

	The PC is proposing that the Australian Government facilitates coordination between state and territory governments to harmonise inconsistent regulations across jurisdictions. The PC is considering how existing coordination mechanisms in Environment portfolios can be made more effective, what the role for the Australian Government should be in driving change (such as chairing, providing secretariat and/or resourcing, setting the agenda, leading the development of an intergovernmental agreement), and whether a new interjurisdictional body dedicated to circular economy harmonisation efforts is both practical and warranted.
Coordination would enable governments to agree on what settings regulations should be harmonised to, and how. A preliminary set of state and territory regulations for consideration might include: 
waste classifications (building on the strategic direction outlined by the Heads of EPA Australia and New Zealand) 
specifications for using recycled materials in infrastructure projects (chapter 4)
lithium-ion battery waste management regulations (chapter 9).
Intergovernmental coordination would also support the identification of other harmonisation opportunities. These may include specific inconsistencies in planning, zoning and health regulations that relate to environmental impacts and are presenting barriers to circular economy growth.
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	Information request 10.1
Governance arrangements to harmonise regulations that pose barriers to circularity 

	The PC is interested in further information on the following questions:
How could existing intergovernmental coordination mechanisms in Environment portfolios – such as the Environment Ministers’ Meetings, Heads of EPA forums and/or officer level communities of practice – be improved to more effectively and quickly harmonise inconsistent regulations that are limiting uptake of circular opportunities? What would be the costs of these changes?
What would be the benefits of setting up a new institutional body to oversee harmonisation efforts? How would such a body need to be structured to improve on current arrangements, and what would be the costs of setting up and running it?
Apart from those identified in reform direction 10.1, what other inconsistent regulations (such as planning, zoning and health regulations) are presenting barriers to circular opportunities? How well do existing intergovernmental coordination mechanisms in other portfolios take into account the impact of these regulations on circular opportunities?
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	Reform direction 10.2
Supporting coordination, facilitation or brokering services

	The PC is considering a reform direction on government support for services to assist businesses in finding circular opportunities and partners, and navigating the complex regulatory environment. This could include through governments facilitating access to coordination services through trials or raising awareness of relevant initiatives. Governments may, in some cases, choose to collaborate or partner with businesses and other stakeholders on circular opportunities. 
Special arrangements may be required to assist businesses and other organisations to find partners for circular projects in regional and remote areas, and for small and medium businesses.
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	Information request 10.2
Supporting coordination, facilitation or brokering services

	The PC is interested in further information on supporting businesses and communities to identify circular opportunities and develop partnerships:
What government initiatives could most effectively support businesses’ coordination? 
How could governments use or build on existing platforms for information sharing or collaboration?
Are there examples of governments partnering with intermediaries, such as industry associations or other network bodies, to support collaboration? How might this be further strengthened? 
What would be the benefits and costs associated with these initiatives, in terms of economic, environmental and/or social outcomes?
What lessons could be learned from successful government initiatives supporting facilitation or coordination in other industries?
Are there special considerations for how governments might support businesses to identify partners in regional and remote Australia?  
How could governments support Aboriginal and Torres Strait Islander businesses and communities to identify opportunities and partnerships? What current or new initiatives could be adopted or extended?
How do the needs of small and medium businesses or organisations differ from larger businesses or organisations in relation to adopting circular practices, and how might governments best support this cohort? 
The PC is interested in further information on navigating regulatory complexity:
What are the barriers to knowledge (or transition) brokers, project officers, community development officers and the like effectively assisting organisations to navigate regulatory complexity?
To what extent is there a need for government to provide services, given that there are already private consultant services that can support businesses to navigate regulations?
What kind of regulations do businesses most need help navigating to pursue circular opportunities? Are these at Commonwealth, state and territory, or local government level? 
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	Reform direction 10.3
Supporting greater adoption and diffusion of circular innovations 

	The PC is considering a reform direction on government support for businesses to adopt and diffuse innovative circular practices and technologies. This could involve working with intermediaries that have existing connections between industry, government, researchers and markets, such as industry associations and other network bodies. The PC is considering:
challenge-based funding models to encourage innovation across supply chains
how governments can connect researchers and industry to commercialise innovative research. 
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	Information request 10.3
Supporting greater adoption and diffusion of circular innovations 

	The PC is interested in further information on challenge-based funding for innovation:
Are there examples of circular economy innovations that have been successfully funded through challenges (in Australia or internationally) and what determined their success? 
What might be the benefits and limitations to this approach? What are the likely costs? 
The PC is interested in further information on connecting industry and research:
What are useful models for how government can connect industry and researchers? When is this best done at the industry level, and when by location (such as a region or local government area)? 
Are there examples of successfully adopting or diffusing circular innovations across supply chains? 
What are additional examples of Australian, state, territory and local governments successfully fostering these connections? 
The PC is interested in further information on Aboriginal and Torres Strait Islander knowledges and circular innovations:
What actions could governments take to value Aboriginal and Torres Strait Islander knowledges, in ways that protect Indigenous cultural and intellectual property, in the adoption and diffusion of circular innovations?



	[image: ]
	Information request 10.4
Improving investor confidence in the circular economy 

	The PC is interested in further information on the following questions:
Will the proposed Australian sustainable finance taxonomy and enhanced ESG reporting provide sufficient information for investors to make informed decisions about circular economy projects? Or are further initiatives, required to improve investor confidence in the circular economy?
What are examples of sectors or circular activities being impacted by the cost and availability of insurance? What factors or risks currently determine insurance availability (or lack thereof)?
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	Reform direction 10.4
Government support for place-based circular initiatives

	The PC is considering how governments at all levels could consider whether there are opportunities to enable place‑based circular initiatives within their jurisdictions. As a first step, governments could consider:
how existing precincts with related objectives (such as net zero) might integrate greater circularity
setting up or expanding materials recovery facilities as a basis for place-based circular activities
whether there are opportunities to reduce regulatory barriers to place-based circular activities (such as expediting approvals or planning processes).
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	Information request 10.5
Government support for place-based circular initiatives

	The PC is interested in further information on the following questions:
To what extent are existing precincts (such as those set up for net zero, advanced manufacturing, or Special Activation Precincts) already engaged in circular activities? What are some of the ways to encourage further circular activities in these precincts?
What are the barriers (and possible solutions) to expanding or setting up materials recovery facilities? How might facilities provide a basis for place‑based circular opportunities? Are there examples of this?
What service provision and funding models would best support place‑based circular activities, including reuse, repair, waste collection and recycling activities in remote and very remote areas?
What are the main regulatory barriers that communities or businesses face in establishing place-based circular initiatives? 
What other kinds of government assistance or support do communities or businesses need to enable successful place‑based circular precincts (such as coordination or facilitation, as in information request 10.2)?
What actions could governments take to facilitate Aboriginal and Torres Strait Islander roles in progressing place-based circular initiatives?
What actions could governments take to value Aboriginal and Torres Strait Islander knowledges, in ways that protect Indigenous cultural and intellectual property, to identify and develop place-based circular opportunities?
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	Reform direction 10.5
Expanding the set of circular economy indicators 

	The PC is considering a reform direction that proposes an expanded set of indicators to monitor Australia’s circular economy progress. The outcomes captured in the proposed set are based on indicators used in more developed international monitoring frameworks. Outcomes would need to be tracked at reasonably granular level in order for the data to be used by governments and businesses to identify and track progress on circular opportunities. The proposed indicators include:
Indicators relating to environmental outcomes from circular activities:
Waste generated by material type and sector
Recovery rates by material type and sector
Greenhouse gas emissions from production activities by sector
Indicators relating to economic outcomes from circular activities:
Gross value added of circular economy activities by sector
Jobs in circular economy activities by sector
Business investment in circular economy activities by sector
Research and development expenditure on circular economy technologies by sector
Data on some indicators is already being collected and reported elsewhere. The PC notes that the feasibility of monitoring some of these indicators could be limited by the potentially large costs associated with attributing outcomes to circular economy activities, and disaggregating data by sector.
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	Information request 10.6
Expanding the set of circular economy indicators

	The PC is interested in further information on the following questions:
What are specific examples of how governments (at all levels) and businesses would use the proposed circular economy indicators to identify and track progress of circular opportunities?
What would be the costs associated with gathering data on the proposed circular economy indicators?
Which agencies would collect or estimate the data?
How consistent across states and territories is the data needed for circular economy indicators? Does it allow comparison across industries or sectors?
Are there alternative indicators that would better measure the progress of Australia’s circular economy? What would be the benefits and costs associated with these alternatives?
What reporting format would be most valuable and accessible to stakeholders using the monitoring data (e.g. including in the Measuring What Matters framework, or a separate dedicated dashboard)?
Over what timeframe could the proposed expanded set of indicators be rolled out? How frequently should the set of indicators be reviewed and updated, so that they can remain fit for purpose to inform government and business decisions about the circular economy?
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[bookmark: _Toc190959783][bookmark: _Toc191395515]What is a circular economy?
	Key points
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	The circular economy is about using materials, resources and products in ways that create sustainable and efficient outcomes for society. 
Australian businesses, households and communities are actively pursuing circular opportunities. They are innovating and forming new partnerships to deliver higher value from materials use.
Shifting to a circular product life cycle can reduce the negative environmental and economic impacts of the linear model.
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	While the circular economy is being increasingly recognised in policy, circular practices are not new.
Aboriginal and Torres Strait Islander people have cared for Country for tens of thousands of years, and their knowledges can provide a powerful contribution to circular economy practices and policies. The Australian Government has noted the potential to better value these knowledges, and to facilitate equitable access to circular economy opportunities and benefits.
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	A circular economy can improve social, environmental and economic outcomes through decoupling materials use and wellbeing.
There are win‑win‑win opportunities across these three dimensions. However, some circular economy activities require trade‑offs – for example, reducing materials use may increase energy use. 

	[image: ]
	Despite some uptake of circular economy opportunities in Australia, overall progress has been slow. The Australian Government has committed to doubling circularity by 2035.
The slow progress is reflected in small increases in materials productivity, circularity and waste recovery rates over the last decade.
To achieve the goal of doubling circularity, the Australian Government has set targets to reduce material footprint per capita by 10%, increase materials productivity by 30% and achieve an 80% waste recovery rate.
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	Indicators measuring the circular economy should be interpreted with care. Considering a range of indicators provides a better overview of progress. 
While Australia’s materials productivity is lower than the Organisation for Economic Co‑operation and Development (OECD) average, this reflects its materials‑intensive economy. Australia’s materials productivity within each sector examined in this interim report is on par with other OECD countries.



[bookmark: _Toc190959784][bookmark: _Toc191395516]Motivations for a circular economy
The product life cycle – linear to circular 
The product life cycle describes the various stages in which a product is designed, manufactured, used and disposed of, or collected and recycled.
In a linear economy, goods are discarded into landfill, preventing further use of the products or their materials, representing a one‑way flow.[footnoteRef:7] The linear economy is characterised by the take‑make‑use‑dispose model (figure 1.1).[footnoteRef:8]  [7:  Despite the term ‘economy’, this model relates only to the flow of physical materials. In a sense, the economy is anything but linear considering the decisions, relationships and transactions that feed into its complexity. Note that the term ‘circular economy’ (to be discussed later) also relates strictly to the physical flow of materials.]  [8:  Some literature describes the model as ‘take-make-dispose’.] 

Take involves extracting raw materials from the environment. These materials generally replenish at a slow rate or do not replenish at all. 
Make involves manufacturing goods using the extracted raw materials.
Use involves consuming goods until they are no longer deemed useful or are used up.
Dispose involves discarding goods – generally in landfill. 
Figure 1.1 – The linear economy model
[image: This figure depicts the various stages of the product lifecycle in a linear economy. It shows the linear path where the first stage is the take phase, the second is the make phase, the third is the use phase, and the fourth and final stage is the dispose phase.  ]
Environmental and economic drawbacks of the linear economy
Throughout the 20th century, product life cycles predominantly followed the linear path. However, growing concerns over the environmental impacts of the linear economy have prompted a rethink. Many of these environmental impacts are domestic as well as global issues. Australian production and consumption decisions may have implications for the natural environment locally as well as in other countries. Conversely, the environmental impacts of production and consumption decisions overseas may also be borne by Australia.
These environmental impacts begin at the ‘take’ stage of the product life cycle. Globally, around 55% of greenhouse gas emissions result from extracting and processing material resources, making these activities the main drivers of climate change (UNEP 2024a, p. xiv). Additionally, biomass extraction and production are responsible for over 90% of land use‑related biodiversity loss and water stress, posing a major risk to species extinction (UNEP 2024a, p. xiv).
Environmental impacts also occur at the ‘make’ stage. In 2021, greenhouse gas emissions from manufacturing and construction activities made up 13% of total global emissions (based on Ritchie et al. 2024). If unregulated, waste from these activities can also pollute surrounding waterways and land. 
At the ‘dispose’ stage, products are generally discarded into landfill with no further use. However, the availability of sites for new landfills is an ongoing concern for Australian communities and local governments, as well as globally, with countries increasingly imposing restrictions on waste imports (Donovan and Pickin 2021, p. 10). Estimates suggest that the landfills servicing Greater Sydney will reach capacity by around 2030, with no suitable options currently available for new landfill sites (NSW EPA 2024f; Veolia Australia and New Zealand, sub. 8, p. 5).[footnoteRef:9] This poses a significant concern to the future security of Sydney’s waste management system. [9:  Approvals for new landfill sites involve a lengthy process due to suitability checks and community consultation.  ] 

Even if suitable land is found to increase landfill availability, major environmental concerns remain with the disposal of waste into landfill (DCCEEW 2024d, p. 19). Landfill has negative impacts on the environment, including on biodiversity and air quality. For instance, leachate[footnoteRef:10] from landfills can contaminate groundwater and pose a risk to the biodiversity and regenerative capacity of surrounding ecosystems. Additionally, landfill gas (predominantly carbon dioxide and methane) poses a risk to air quality. If not properly managed, it can create odours and worsen climate change (EPA Victoria 2020). [10:  Leachate is a liquid contaminant prevalent in landfills. It is produced when rainwater and other moisture accumulates substances of concern that are released from the decomposition of waste.] 

Questions around the sustainability of the linear model have predominantly been driven by environmental concerns. Increased circularity can also have economic and productivity benefits, including intergenerationally, by more efficiently using the planet’s finite stocks of natural capital (materials) to support our growing population and economy. These environmental and economic benefits also contribute to social outcomes such as better health and amenity and more sustainable development. 
Full circle on the product life cycle
Shifting to a circular product life cycle reduces the negative environmental and economic impacts of the linear model. It involves activities throughout the product life cycle to reduce how much raw material is extracted to make the product, repairing and reusing the product as much as possible, and lowering the amount of waste sent to landfill by collecting and recycling materials (figure 1.2).
Early descriptions of the circular economy concept had a focus limited to recycling activities that sought to use component materials from goods destined for landfill as inputs to new, but not necessarily the same, products (Friant, Vermeulen and Salomone 2020, p. 7). These recycling activities created a link between the disposal and production of products, thereby introducing circularity to product life cycles. They also addressed environmental concerns by using recycled content, reducing demand for raw materials and the amount of waste sent to landfill. 
Later iterations of the concept have incorporated activities throughout the product life cycle that can be categorised into closing, slowing or narrowing resource loops, a framework which has been adopted broadly (Bocken et al. 2016, p. 309; DCCEEW 2024d, p. 49). Interconnected loops encompass flows of resources beyond a single product.
Closing resource loops: These activities link the production and disposal stages, allowing for circularity in resource flow. Recycling activities, such as extracting and reusing materials from old batteries, close resource loops (BSC, sub. 140, p. 13). 
Slowing resource loops: These activities aim to increase the use of the product by either extending the product’s life, increasing the intensity with which the product is used, or both. Activities that slow resource loops include designing products for durability, reusing products and repairing products. Retreading to extend the useful life of tyres is one example of this activity (TSA, sub. 148, p. 26).
Narrowing resource loops: These activities aim to improve materials efficiency by minimising the amount of materials that go into a product. At scale, these activities reduce the aggregate demand for raw materials. An example includes the use of prefabrication in housing construction, which can lead to less materials use than onsite construction (BCSDA, sub. 175, pp. 10–11).
Figure 1.2 – A model of the circular economy
[image: This figure describes the various stages of the product lifecycle in a circular economy. It also describes at what stage different circular activities are undertaken. It begins with the extraction of raw material or use of recovered materials, which are inputs into the produce stage. After production, a product is sold or leased and enters the consume stage. At this stage, circular activities include refurbishing, repurposing, reusing and repairing. Once the product reaches the end of its useful life, it is collected. From here, the product is sorted and distributed or improperly disposed of. Distribution can occur to waste-to-energy recovery facilities, into landfill or to recycling facilities. If recycled, materials from the product are recovered and used as inputs into production of new products, signifying a closed loop. ]Source: Adapted from NSW DPIE (2021b).
The 10Rs is a widely used framework to articulate opportunities to increase circularity (figure 1.3) (Potting et al. 2017, p. 5). This framework categorises circular activities in a hierarchy, with ‘higher‑order Rs’ focused on activities earlier in the product life cycle. 
The terms of reference for this inquiry have directed the Productivity Commission to examine circular activities and opportunities focused on materials use and efficiency. Improving materials circularity has important implications for water and energy use and efficiency (DCCEEW 2024d, pp. 17, 101), and in identifying circular economy opportunities we have recognised these linked outcomes. However, broader water or energy policy reform, or the much wider suite of policy levers that primarily aim to improve water or energy efficiency, are outside the scope of this inquiry. 
Figure 1.3 – The 10Rs framework
[image: Figure 1.3 - This figure depicts the hierarchy of circular activities according to the ten R’s framework, with early-stage activities closer to a circular economy and later-stage activities closer to a linear economy. It categorises these activities into different stages of the product lifecycle. In the design phase, activities include refuse, rethink and reduce. In the consumption phase, circular activities include reuse, repair, refurbish, remanufacture and repurpose. In the end-of-life or return phase, circular activities include recycle and recover. The last activity, and lowest in the hierarchy, is landfilling. ]
Source: Malooly and Daphne (2023) adapted from Potting et al. (2017, p. 5).
Circular economy practices are not new 
Aboriginal and Torres Strait Islander people hold deep cultural, social, environmental, spiritual and economic connections to Country. For more than 60,000 years, Aboriginal and Torres Strait Islander knowledges and practices have sustained the health of Country. These are holistic, place‑based understandings that emphasise connections and relationships which provide a powerful contribution to concepts such as a circular economy (Poelina et al. 2020, p. 7).
There are various Aboriginal and Torres Strait Islander‑led initiatives that undertake circular activities. These include activities undertaken by the Bega Local Aboriginal Land Council, such as providing circularity education and training, and delivering cultural land management programs (box 1.1). Additionally, the Cherbourg Aboriginal Shire Council operates the Cherbourg Materials Recovery Facility, which processes and recycles materials from waste collections around the Cherbourg region, supporting circular activities and providing work opportunities to the local community. 

	[bookmark: _Ref78902111]Box 1.1 – Bega Local Aboriginal Land Council

	The Bega Local Aboriginal Land Council is involved in the circular economy primarily through delivering cultural land management programs, and providing education and training in circularity. 
Aboriginal people have been in the circularity space for thousands of years. Caring for Country and circularity are interconnected, if you are caring for country you are participating in the circular economy. Cultural land management is very much about circularity, ensuring that things are replaced if they’ve been removed, to enable circular activity in the environment. For example, cultural fire practitioners ensure circularity in ecosystems during cultural burning, including collecting seeds and returning species to the natural environment. 
Education and training in circularity is another piece of work we are involved in. We have established a mobile café, which provides hospitality training and employment opportunities for young Aboriginal people. This is a circular project, as it is interlinked with our horticulture venture – plants from the horticulture venture are used at the café and food waste is brought back to the horticulture venture to be used in the garden. A lot of young Aboriginal people haven’t had opportunities to learn about caring for Country. This is one way for them to experience this while they are still at school, setting them up to work in this space in the future if they are interested. (Bega LALC, sub. 185, p. 1)

	


The Australian Government has made a commitment in its Circular Economy Framework to honour and integrate the deep knowledge systems of Aboriginal and Torres Strait Islander people, and include genuine partnerships with Aboriginal and Torres Strait Islander communities in further developing Australia’s circular economy (DCCEEW 2024b, p. 5). 
Governments, however, have some way to go on implementing the National Agreement on Closing the Gap priority reforms to enable true partnership (Priority Reform 1) (PC 2023b, p. 6). Aboriginal and Torres Strait Islander knowledges, practices and expertise need to be included in circular economy policies in ways that benefit communities and respect and protect cultural and intellectual property rights. Such ways include Aboriginal and Torres Strait Islander‑led initiatives in resource management, agriculture and environmental stewardship, learning from Aboriginal and Torres Strait Islander practices in policy design, and partnering with communities in decision‑making processes and circular precincts (Ford et al. 2020, p. 107; Planet Ark, sub. 147, p. 16; RMIT University Circular Economy Hub, sub. 31, p. 14).
Why does moving to a circular economy matter?
The economy can be strengthened while lowering materials use
Using less materials does not necessarily mean slower economic growth. In the last 40 years, the Australian economy has grown substantially while materials use has increased at a much slower rate (sometimes called ‘decoupling’ economic activity from materials – figure 1.4). Though many factors are likely to have driven this decoupling, it is in large part due to a shift towards services, which use significantly less materials than goods production. In the five decades between 1970 and 2020, the share of Australian economic activity generated by services has increased from 66% to 81% (PC 2021a, p. 6).
Figure 1.4 – Australia’s material usage has grown more slowly than GDP since 1980 
Materials decoupling in Australia, 1970–2023a,b
[image: This figure shows a graph of the growth in Australian economic activity and materials use, starting from a base year of 1970. Economic activity is measured by GDP and materials use is measured by material footprint. The time period spans 1970 to 2023 and shows that material footprint has grown at a slower rate than GDP since 1980. This is visually shown in the graph by a decoupling of material footprint and GDP from 1980 to 2023. ]
a. Economic activity, measured through GDP, is used as it is not possible to quantify total welfare. While not a perfect proxy for societal welfare, economic activity is considered a significant contributor to it. b. Materials use is represented by material footprint. Material footprint measures the amount of materials needed to meet domestic consumption (by weight), incorporating all raw materials used across the global supply chain (section 1.2).
Source: OECD (nd).
Shifting to a circular economy is another way to achieve materials decoupling. It can reduce environmental harm and improve economic productivity by allowing the economy to grow while using fewer materials. 
There are also other economic benefits to a circular economy. The shift could generate economic growth by creating new markets, products and job opportunities (DCCEEW 2024d, p. 66). Circular economy opportunities can also improve economic diversity and capability as businesses adopt innovative business models that can lead to new production processes and products that are focused on sustainable design, reuse and recycling.
Circular activities can also achieve social benefits 
While the environmental and economic aspects of the circular economy are relatively well established, social outcomes are often overlooked. An analysis of 114 definitions of the circular economy found that only 13% considered all three domains in their stated objectives of the circular economy (Kirchherr, Reike and Hekkert 2017, p. 227). 
Social benefits of circular activities include improvements in health and safety, amenity, social inclusion and supporting Australians in need. For example, social enterprises engage in circular activities by conducting food rescue and distribution to those experiencing food insecurity, providing affordable repair services, and facilitating sharing models to increase accessibility to products such as toys (BCSDA, sub. 175, p. 8; OzHarvest, sub. 81, p. 9; Toy Libraries Australia, sub. 130, p. 2). 
Many circular activities will have environmental, economic and social benefits. For example, selling imperfect fruit and vegetables at a lower price rather than disposing of the produce has economic, environmental and social benefits. Economically, producers benefit by generating revenue on produce that would otherwise be landfilled. Environmentally, selling this produce reduces the amount of waste going to landfill. Socially, lower produce prices improves equity and health as it enables access to affordable and healthy food for low‑income households.
By improving environmental, social and economic outcomes, the circular economy has the potential to support the wellbeing of future generations. The global population is currently exceeding the planetary boundaries for climate change and biodiversity loss, meaning that there is a heightened risk for irreversible damage to the environment (Richardson et al. 2023, p. 5). Reducing materials extraction to lower biodiversity loss, avoiding pollutants, and mitigating greenhouse gas emissions will allow future populations to enjoy the same, if not better, level of wellbeing as current populations.
However, not all circular activities are win‑win‑win
While many circular economy activities will result in win‑win‑win situations (have environmental, economic and social benefits), other activities trade off one benefit at the expense of another. For example, prolonging the life of motor vehicles provides environmental and economic benefits through delaying their disposal and purchase of a new vehicle. However, this product life extension might reduce social welfare if a larger proportion of older cars, which lack the latest safety features and are less fuel efficient, continue to be driven.
There may also be trade‑offs within each dimension – for example, where one environmental benefit (recycling) requires transporting materials by truck to a facility elsewhere, generating greenhouse gas emissions. In the example of prolonging the life of motor vehicles, there is an environmental trade‑off between fuel efficiency and delaying disposal. 
Ultimately, the goal of the circular economy is to improve public welfare. If the primary aim were circularity itself, it might reduce overall welfare due to the above trade‑offs.
Shifting perspectives and behaviour
Policymakers are increasingly considering welfare across environmental, social and economic dimensions, driven by emerging evidence that planetary boundaries are being exceeded (DCCEEW 2024b, p. 10; OECD 2024, p. 12). 
Consumer and business behaviours are also shifting to incorporate sustainable practices, as they become more conscious of the environmental impacts of their decisions (ACCC, sub. 178, p. 4).[footnoteRef:11] A recent survey by Australian Consumer Retail Studies found that 96% of the retail shoppers surveyed had engaged in at least one sustainable practice in the past three months (Zoppos 2024). But while sustainability has begun to influence consumer behaviour, price and quality are still the top drivers of purchases (ACRS 2024, p. 4).  [11:  This shift in behaviour is part of a larger shift to consider sustainability, which is influenced by other environmental movements such as the shift to net zero emissions.] 

Another recent study found that a relatively strong repair and maintenance culture for household goods exists in Australia. Reasons for undertaking repair activity varied by demographic, for example with younger and lower‑income households motivated by cost, and women motivated by environmental reasons (Lane et al. 2024, p. 17). 
Businesses have increasingly engaged with environmental, social and governance (ESG) principles in their operations (ACCI, sub. 76, p. 2). For large companies, ESG‑related disclosures are typically discussed in sustainability reporting, with the vast majority (98%) of the ASX100 reporting on the sustainability of their operations in December 2023 (KPMG 2024). In 2024‑25, this will extend to all large Australian companies following the introduction of mandatory sustainability reporting and standards. As part of this, companies will be required to report on scope 3 emissions; that is, emissions generated upstream and downstream of their own operations (The Treasury 2024c, p. 3). By increasing accountability and transparency of greenhouse gas emissions generated throughout a company’s supply chain, this may provide an additional driver for businesses to take up circular opportunities.
As ESG reporting by businesses is becoming increasingly widespread due to compliance and market drivers, there is growing concern by consumers that many are ’greenwashing’ and overstating the sustainability of their operations and products (ACCC, sub. 178, p. 4). An investigation of Australian company websites found that 57% of the businesses investigated had made concerning environmental claims (ACCC 2023a, p. 1).[footnoteRef:12] The increasing development of ESG strategies and reporting indicates a mindset shift in the business community, and can be an important driver of behaviour change. However, social licence to operate will be damaged if this is matched by increasing instances of sustainability claims being overstated.  [12:  To be classified as concerning, the business did at least one of the following: made vague/unclear environmental claims; did not provide evidence for their claims; set environmental goals without disclosing a course of action to achieve them; or used third-party certifications and symbols in a confusing way. ] 

[bookmark: _Toc190959785][bookmark: _Toc191395517]How is Australia progressing on a circular economy? 
Targets to further circularity in Australia
The Australian Government has committed to doubling Australia’s circularity by 2035.[footnoteRef:13] To achieve this, targets for three metrics have been set across the product life cycle (DCCEEW 2024b, p. 9). These include reducing material footprint per capita by 10%, increasing materials productivity by 30% and achieving a resource recovery rate of 80%. Recent modelling suggests that these are ambitious but achievable targets if significant policy attention is given to increasing the level of circular economy activity in efficient ways (Miatto et al. 2024b, p. 25). There are four target indicators. [13:  This builds upon the Australian, state and territory governments jointly agreeing to national targets to increase Australia’s circularity rate and reduce pollution (DCCEEW 2024g, p. 1).] 

Circularity rate: This indicator describes the extent to which secondary materials are used in an economy. It is defined by the proportion of non‑virgin materials use against overall materials use, where materials use is measured by domestic materials consumption. 
Material footprint: This indicator measures materials needed to meet domestic consumption (by weight), incorporating all raw materials used across the global supply chain. It aggregates all materials use up to end consumption, regardless of where the materials have been extracted from. 
Materials productivity: This indicator assesses the amount of economic value generated from a unit of materials used (by weight). GDP at constant prices is used to measure economic value and materials use is measured by domestic materials consumption.
Waste recovered from landfill for reuse, recycling or energy (resource recovery rate): This measure is indicative of resource recovery rates in an economy. It represents the proportion of waste that is diverted from landfill and reused, recycled or used in waste‑to‑energy activities. Over time, it could be used to assess the extent of closing resource loops. 
Additional indicators can help measure progress on shifting to a circular economy. Developed by the Australian Government Treasury,[footnoteRef:14] the Measuring What Matters framework identifies and reports on a set of indicators that monitors the progress made towards a circular economy in Australia. Along with the target indicators above, there are two additional indicators. [14:  Reporting on indicators in the Measuring What Matters framework is now a responsibility of the Australian Bureau of Statistics.] 

Domestic materials consumption:[footnoteRef:15] This indicator measures materials consumed in a domestic economy by weight. It measures the amount (weight) of materials extracted or harvested in the country, plus materials and products imported, minus materials and products exported.  [15:  Domestic materials consumption is not an indicator that is separately identified in the Measuring What Matters framework. However, it is used to calculate materials productivity and the circularity rate, which are both measured in the framework.] 

Waste generation: This indicator measures the amount (weight) of waste generated by an economy. If the indicator is assessed on a per capita basis, it could provide some insight into the uptake of activities that slow and narrow resource loops. 
Trends in these indicators provide insights into the uptake of circular economy opportunities. In Australia, progress toward a circular economy has been slow (figure 1.5). Over the past decade, small increases in materials productivity may indicate that there has been some decoupling of economic welfare and materials use. Moreover, small increases in the circularity rate and waste recovery rate could reflect increases in the uptake of activities such as recycling. 
The per capita domestic materials consumption and waste generation has remained relatively unchanged since 2010. This may reflect a similarly stagnant level of uptake of higher order activities, such as reuse and repair, each year. Increased uptake of higher order activities would be reflected by decreases in these indicators (Miatto et al. 2024a, p. 37).
Figure 1.5 – Circular economy progress indicators in Australiaa
	[image: This figure shows six graphs, with each graph plotting an indicator that can be used to assess the circular economy in Australia. The first is graph A, which shows materials productivity. From 2010 to 2023, materials productivity has grown from $1.45 per kilogram to about $1.57 per kilogram. There was a spike in 2016, where materials productivity was $1.65 per kilogram. ]
	[image: The second is graph B, which shows the circularity rate. From 2010 to 2023, the circularity has grown slowly from being just under 4% to just over 4%. ]

	[image: The third is graph C, which shows material footprint per capita. From 2010 to 2023, material footprint per capita steadily decreased from approximately 38 tonnes to 32 tonnes. ]
	[image: The fourth is graph D, which shows domestic materials consumption per capita. From 2010 to 2022, domestic materials consumption per capita has slightly increased from approximately 44 tonnes to 46 tonnes. ]

	[image: The fifth is graph E, which shows waste generation per capita. From 2006-07 to 2020-21, waste generation per capita has remained relatively stagnant but has decreased slightly from just over 3 tonnes to just under 3 tonnes. ]
	[image: The sixth is graph F, which shows the percentage of waste recovered for recycling, reuse or energy. From 2006-07 to 2020-21, the waste recovery rate has grown steadily from 50% to 60%.]


a. Waste generation and recovery data was unavailable for the years 2007‑08, 2011‑12 and 2012‑13.
Source: ABS (2024e); OECD (nd).
Indicators must be interpreted with care
Assessing progress on a circular economy requires a range of indicators – relying on a single indicator gives only a partial view. For example, the global circularity rate has recently declined (Fraser, Conde and Haigh 2024, p. 8), partly due to increasing materials complexity. This increasing complexity can result in materials becoming stronger and more durable[footnoteRef:16] – a benefit not captured by the circularity rate alone over shorter time frames. This may skew the picture of uptake of ‘higher‑order Rs’ and longer‑term progress towards a circular economy. Additionally, the single indicators that reflect materials use and waste generation provide insight into these activities in isolation. They do not provide insight into how these activities contribute to the cumulative effects on the environment, such as those caused by interactions between different environmental impacts over time (Cresswell, Janke and Johnston 2021, p. 124).  [16:  Carbon fibre is an example of a complex material. It can be used to substitute for steel in some applications and offers an improvement on strength when considered on a strength to weight basis. However, carbon fibre is technically difficult and costly to recycle compared to steel (Isa et al. 2022, pp. 3–4). ] 

Moreover, many indicators rely on weight to measure materials use and waste, which does not necessarily reflect environmental impacts. Relying solely on weight‑based measures to track the circular economy and implement circular initiatives can have unintended consequences, such as uptake of activities that do not address the environmental, economic or social objectives of the circular economy. For example, substituting plastic for other heavier materials in packaging may result in a decrease in domestic materials consumption and a subsequent increase in materials productivity. However, greater plastics use could have more negative environmental impacts than using heavier, but more inert, materials. 
These limitations aside, the above indicators are a useful tool to measure circular economy progress. Considered together, they provide a better picture of the objectives of a circular economy than relying solely on aggregated economic variables such as GDP. However, they do not capture details about the circular economy’s impacts across the environmental, economic and social dimensions. An additional suite of indicators would be required to monitor the uptake and outcomes of circular economy activities (chapter 10). 
Comparing these indicators across countries can lead to misleading conclusions. Each country has its own unique industry structure, geography and demographics, which can impact progress on a circular economy. Regarding industry structure, different sectors have varying needs for materials use, with heavy industry sectors such as mining having greater materials use than service sectors such as professional services. This influences results for countries that have larger materials‑intensive sectors, such as Australia. 
Australia’s materials productivity is largely explained by its industry structure 
Sectoral comparisons across countries can be more useful, as they control for some of the variation in industry structure, geography and demographics. Compared to other Organisation for Economic Co‑operation and Development (OECD) countries such as the Netherlands, Japan and Canada, Australia’s materials productivity within each sector is on par with other countries (figure 1.6). This suggests that Australia’s materials productivity of US$1.10, which lags the OECD average of US$2.50 (OECD nd), is explained in large part by the dominance of materials‑intensive sectors in the Australian economy. 
Figure 1.6 – Materials productivity by sectora,b,c,d
Australia, Netherlands, Japan and Canada
[image: This figure shows a bar chart that depicts materials productivity within different industries for Australia, Netherlands, Japan and China. On the y-axis, industries are shown and on the x-axis is materials productivity which is represented by gross value added per million tonnes of material used. The graph shows that Australia’s materials productivity in each of the sectors is on-par with the other countries as Australia does not have either the highest or lowest level of materials productivity in any of the 17 industries shown. The five industries with the lowest materials productivity for Australia are, number 1, manufacturing, number 2, construction, number 3, electricity, gas, water and waste services, number 4, accommodation and food services, and number 5, agriculture forestry and fishing. The five industries with the highest materials productivity for Australia are, number 1, professional administrative and support services, number 2, financial and insurance services, number 3, other services, number 4, education and training and, number 5, health care and social assistance. ]
a. Due to data availability, the reference period for the Netherlands, Japan and Canada is 2022, and for Australia it is 2020. b. Data was unavailable for gross value added of ‘Arts and Recreation Services’ in Japan. c. Sectors are organised by Australian and New Zealand Standard Industrial Classification divisions. ‘Professional, Scientific and Technical Services’ has been combined with ‘Administrative and Support Services’, and ‘Wholesale Trade’ has been combined with ‘Retail Trade’ due to the granularity of data available. d. International data was converted into Australian dollars using a point‑in‑time exchange rate on 27 September 2024.
Source: ABS (2024c); ADB (2023); Statistics Canada (2024); Statistics Netherlands (2023); UNEP (2024d).
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	Key points
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	People and organisations are motivated by financial, environmental and other reasons to adopt circular practices, but sometimes face barriers.
Barriers to adopting circular economy approaches include high upfront costs for changing production processes or new business models, outdated or prescriptive regulation, limited practical information on circular economy opportunities, and coordination failures.
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	Historically, governments focused largely on the ‘end’ of the product life cycle through waste management and recycling. 

	[image: ]
	All levels of government now have policies and programs in place to support Australia’s transition to a circular economy. The responsibilities and activities of different levels of government reflect the division of powers in the Constitution.
· The Australian Government’s Circular Economy Framework has set national targets for circularity, and a range of Commonwealth legislation and agencies play a role in environmental and other policy areas that impact circular economy activities.
· State and territory governments enable the circular economy through policies and programs including regulating and managing waste, bans on single‑use plastics and public procurement of recycled content. 
· Local governments deliver waste management services, educate and raise awareness. In some cases, they also support innovative circular practices. 
· Coordination across jurisdictions (such as Ministers’ meetings, heads of government agency forums, senior official and officer‑level working informal and formal groups) supports policy alignment. 
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Businesses and individuals are motivated by a range of reasons to pursue circular opportunities …
Businesses and individuals pursue circular opportunities for a range of reasons including where it makes financial sense, and out of their concern for the environment. Government policy settings also influence actions, such as through environmental protection regulation and enforcement, waste levies, sustainability requirements in grants, procurement specifications, and a range of other legislated penalties or mechanisms (e.g. the Safeguard Mechanism). 
Individuals can often save money by repairing objects or using them until the end of their life, rather than replacing them prematurely. For businesses, production processes that require fewer materials can reduce input costs whilst also minimising waste. Businesses may also adopt circular approaches in response to preferences by consumers and/or shareholders for environmentally positive products, as this may create brand reputation and loyalty, increasing demand and market share (ResiLoop, sub. 84, p. 5).
Businesses and individuals may also be motivated to take up circular economy activities by concern for future generations, societal expectations, altruism or other sustainability reasons. People who are motivated by a sense of responsibility to minimise their impact on the environment might choose to purchase sustainably produced goods and services, or use goods for longer before replacing them. And, as discussed in chapter 1, businesses are increasingly adopting environmental, social and governance (ESG) principles in their practices. The proportion of ASX200 companies with ‘detailed’ and ‘comprehensive’ ESG disclosures increased from 55% in 2019 to 71% in 2021 (ACSI 2022, p. 8). Besides private for‑profit businesses, there are also community organisations and social enterprises which aim to increase circularity (for example, The Reconnect Project (sub. 134, p. 2) repairs and refurbishes old electronic devices to provide to disadvantaged and at‑risk groups). 
… but can also face barriers to adopting circular practices
Regulations sometimes make it hard for businesses to adopt circular economy activities. While regulations reduce or mitigate the risks of adverse outcomes, regulations that are too prescriptive, outdated or complicated can hinder the uptake of more circular practices. For example, businesses wanting to develop and market innovative waste‑derived products rely on regulatory arrangements to ensure consumer and public confidence about the safety and environmental credentials of their products. Enforcement of regulations (such us to protect the environment, from waste dumping/pollution) are also critical to their business, as they underpin incentives for suppliers. However, where these businesses are creating ‘new’ products they may find some environmental and regulatory licensing schemes complex and time‑consuming to navigate. Inconsistent regulations across jurisdictions can also pose barriers to businesses (chapter 10). 
Specific ways in which regulation hinders adoption are explored in more detail in the sector‑specific chapters 4 to 9. Examples raised by participants in this inquiry include: 
Australian standards can limit the use of recycled materials (Vinyl Council of Australia, sub. 32, p. 4)
current waste classifications (for example, anaerobic digestate) limit the ability to recover waste (Centre of Decommissioning Australia, sub. 46, p. 14; RGA, sub. 50, p. 8), including transporting materials made from waste products (raised by inquiry participants in consultations)
restrictions on locations where the thermal treatment of waste to energy can be undertaken (Dubbo Regional Council, sub 68, p. 2).
Businesses also face costs when changing existing production processes and business models. For example, finance may be more expensive and difficult to access, including because circular technologies may be relatively new and expensive to implement; or lenders might perceive them as higher risk or challenging to value. The price businesses need to pay for feedstock, or that they can command in the markets for their products, may reflect that negative externalities from using virgin materials are not accounted for.
A report by the International Chamber of Commerce and Ernst & Young (2024, pp. 13–14) detailed four financial barriers to the adoption of more circular approaches:
additional insurance premiums associated with circular materials due to high costs of reprocessing and limited supply in a predominantly linear economy
upfront investment required for research and development and upscaling circular approaches
current accounting and financial practices unable to accurately value the financial benefits from circular approaches
impact on near‑term bottom line means that it is harder for products produced with circular approaches to compete with those that follow a linear path.
Imperfect information can also hinder adoption. Households and businesses may not have clear information on the recyclability of different items. As a result, they may dispose of these items through landfill, or recycle incorrectly and contaminate waste streams.[footnoteRef:17]  [17:  Veolia Australia and New Zealand, sub. 8, p. 3; Boomerang Alliance, sub. 2; Chad, sub. 19, p. 3; Infrastructure Victoria, sub. 28, p. 7.] 

Businesses can also experience barriers to coordination, which is essential for facilitating many circular opportunities. For example, they may lack information and knowledge about where to source feedstock or find buyers for their waste products, or be unaware of government programs that might provide financial support or assistance in navigating regulatory processes.[footnoteRef:18] [18:  For example, Wannon Water (sub. 88, p. 2); CODA (sub. 46, p. 15); Vejnovic, Schepis, Purchase and Tarabashkina (sub. 24, p. 2); COREO (sub. 104, p. 12); Circular Australia (sub. 126, p. 13); Business Chamber Queensland (sub. 136, p. 10); TSA (sub. 148, p. 92); GlobalPSC (sub. 149, p. 44); CIPS Australia and New Zealand (sub. 161, p. 5).] 
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Government policy levers are important to improve overall wellbeing when the decisions of private actors, such as individuals and businesses, fail to deliver outcomes that maximise net benefits to the community. As noted in this inquiry’s terms of reference, ‘regulatory frameworks and policy actions influence businesses’ and households’ decisions on materials purchasing, use and replacement or the competitiveness of circular economy initiatives’. 
Several reasons justify targeted government intervention to address barriers to improving materials productivity and support opportunities in the circular economy.
Externalities arise when costs or benefits from purchasing goods or services are not reflected in their price. For example, environmental damage from resource extraction is a negative externality that may not be included in prices.
A public good is something that anyone can use, such as clean air and biodiversity. Without government intervention, the value of these goods are often not protected sufficiently because no one is excluded from using or prevented from harming them. Shared or freely available environmental resources can also be overused. 
Information asymmetry is when different parties have different amounts of information. This can make it hard to make decisions that benefit the community. For example, people who want to make sustainable choices might not have enough information about the impact of their purchases (section 2.1).
Equality of opportunity means a fair distribution of resources across society and over time. Governments may try to address inequalities, such as the environmental impacts on future generations due to the current use of materials.
Australia’s Circular Economy Framework noted that governments ‘can create the conditions that allow circular systems to thrive by implementing supportive policies, providing financial incentives, and encouraging collaboration and behaviour change across sectors’ (DCCEEW 2024b, p. 30).
Governments should only intervene where the benefits to community wellbeing from doing so exceed the costs. But assessing benefits and costs, and valuing policy outcomes, is difficult – particularly when outcomes span interconnected economic, environmental and social dimensions as in the case of the circular economy (chapter 1). Governments also need to select and design policy mechanisms to appropriately target the activities (of producers or consumers) or points in the supply chain most effective for achieving the desired outcome. Government policies and regulations may also have unintended consequences and costs. The reform directions considered in this interim report cover existing policies and regulations that could be unnecessarily hindering adoption, as well as new opportunities for government to act on circularity.
The three level of governments in Australia have different roles and responsibilities in the circular economy. Australian Government and state and territory governments’ roles and responsibilities are shaped by the division of powers in the Constitution. In the Constitution, both the Australian Government and state and territory governments have concurrent powers with respect to the environment (PEO nd). For example, waste management is primarily the responsibility of state and territory governments, delivered through legislation, policies and programs. The Australian Government is responsible for national legislation, strategies and policy frameworks, including obligations under international agreements, and recently launched Australia’s Circular Economy Framework to support Australia’s circular economy transition (DCCEEW 2024b). Local governments are responsible for waste, as laid down by the regulatory framework of each state or territory.
[bookmark: _Toc190959789][bookmark: _Toc191395521]Australia’s circular economy policy landscape
Current circular economy policies 
Circular economy policies have evolved over time and predate the more widespread use of the term ‘circular economy’. Australian governments have long managed waste, initially focusing on disposal. This changed during the 1990s, with a growing appreciation that ‘the current high levels of consumption without the efficient use of resources and waste minimisation are not ecologically sustainable’ (Senate Standing Committee on Environment, Recreation and the Arts 1994, p. 1). Policies shifted to also incorporate waste minimisation, with the National Kerbside Recycling Strategy and National Waste Minimisation Strategy introduced in 1992 (Senate Standing Committee on Environment, Recreation and the Arts 1994, p. 11). More recently, governments have considered environmental impacts along all parts of the product life cycle. 
In Australia, governments at all levels have policies and programs in place to support circular economy activities (table 2.1). Many policies directly relate to circular economy practices by targeting materials use and waste, while others that are aimed at reducing negative environmental impacts more generally may also encourage greater circularity and can be sector‑specific. Circular practices are also influenced by a wide range of other policies and interventions (table 2.1). 
Table 2.1 – Circular economy policies and interventions by level of government
	Level of government
	Type
	Circular economy, materials use and waste 
	Other

	Federal
	Frameworks and strategies
Laws and regulation
Financial incentives
Product stewardship
Public procurement
Foreign policy
Education and awareness
	Australia’s Circular Economy Framework
National Waste Policy 
National Waste Policy Action Plan
National Plastics Plan 
National Food Waste Strategy
Recycling and Waste Reduction Act 2020 (Cth)
Hazardous Waste (Regulation of Exports and Imports) Act 1989 (Cth)
Australia’s Ending Plastic Waste Mission
Recycling Modernisation Fund 
Food Waste for Healthy Soils Fund
Product stewardship schemes 
National standard for data and reporting on waste and resource recovery (WRR)
National Framework for Recycled Content Traceability
Environmentally Sustainable Procurement Policy and Reporting Framework
Water and Energy Efficiency Labelling schemes
	Climate change policiesa 
Water policies – legislation and regulation
Environment conservation protection laws
Consumer protection laws
Regional development programs 
Precinct programs including Regional Precincts and Partnerships Program and Urban Precincts and Partnerships Program
Financial regulation
Insurance law
National Reconstruction Fund
Clean Energy Finance Corporation
Future Made in Australia
Northern Australia Infrastructure Facility
Construction code
Nature Repair Market
Critical Minerals Strategy
National Agreement on Closing the Gap

	State and territory
	Frameworks and strategies
Laws and regulation
Financial incentives
Service delivery
Public procurement
Education and
awareness
	Circular economy plans or strategies (all states and territories to some extentb)
Waste management regulation 
Waste levies (all states and territories, except the NT, with different ratesc)
Container deposit schemes (all states and territoriesd)
Single‑use plastic bans (all states and territoriese)
E‑waste to landfill bans (only Vic, SA and WA have bans on e‑waste to landfillf)
Waste to energy approaches (all states and territories except NT and Tas)
Plastics strategy
Sustainable procurement (all states and territories to some extentg)
Waste strategies/programs for Aboriginal and Torres Strait Islander communities (Qld and NSW)
	Environment conservation and protection laws and agencies (all states and territories)
Net Zero and energy strategies (all states and territories)
Construction codes (all state and territories)
Regional development strategies, plans, blueprints, and frameworks (all states and territories)
Infrastructure planning, funding and policies
Precinct plans (all states and territories)
Business concierge services (NSW and SA) 
Land use planning and zoning
Critical minerals strategies and roadmaps (Qld, NSW, WA, Tas)

	Local
	Financial incentives
Education and awareness
Service delivery
Public procurement
	Waste, recycling and food organics and garden organics (FOGO) collection
Community education programs
Repair programs
	


a. Climate change policies at the Commonwealth level include the Renewable Energy Target, Safeguard Mechanism, Australian Carbon Credit Unit Scheme, Capacity Investment Scheme and New Vehicle Efficiency Standard. The Australian Government intends to release a Net Zero Plan in 2025, supported by six sectoral emissions reduction plans. b. The comprehensiveness of circular economy plans or strategies varies widely across states and territories. Some states and territories incorporate their circular economy plans within their waste management strategies. c. The Northern Territory is considering introducing a waste levy. d. Tasmania’s container deposit scheme (called Recycled Rewards) is scheduled to commence in mid‑2025 (Tasmanian NRE 2024a). e. The Northern Territory has announced an intent to phase out single‑use plastics by 2025. Tasmania has a ban on lightweight shopping bags and has a commitment to phase out certain single‑use plastics and materials in 2025 f. The Australian Government has committed to introducing a mandatory product stewardship scheme to reduce waste from small electronic products (DCCEEW 2024n). g. Some states and territories have a dedicated sustainable procurement policy/guideline whereas others incorporate sustainable principles in their procurement policy/guidelines. 
Source: Productivity Commission research.
In 2022, all Australian Environment Ministers agreed to work with the private sector to design out waste and pollution, keep materials in use, and foster markets to achieve a circular economy by 2030 (DCCEEW 2022a), and in 2024 agreed to increase Australia’s circularity rate (DCCEEW 2024g).
The Australian Government is responsible for national legislation, strategies and policy frameworks, including measures that give effect to obligations under international agreements (such as meeting Australia’s obligations under the Basel Convention through the Hazardous Waste (Regulation of Exports and Imports) Act 1989). Frameworks and strategies include Australia’s Circular Economy Framework, National Waste Policy, National Waste Action Plan, National Plastics Plan and National Food Waste Strategy. The Australian Government also plays a role in some product stewardship schemes (discussed below). And it applies tax and other financial incentive levers, such as through the Recycling Modernisation Fund, which is provided jointly with states and territories, and Future Made in Australia. The Australian Government also includes or incentivises uptake of sustainable products and services through its Environmentally Sustainable Procurement Policy and Reporting Framework. These levers are discussed in further detail, where relevant, in sector chapters.
The Circular Economy Ministerial Advisory Group (CEMAG) final report was released by the Australian Government in December 2024. One of the report’s key recommendations was to establish the abovementioned National Circular Economy Framework. This framework was also released in December 2024 and sets three targets to support the goal of doubling Australia’s circularity by 2035:
reducing material footprint by 10% on a per capita basis compared to 2024 levels
lifting materials productivity by 30% on a per capita basis compared to 2024 levels
safely recovering 80% of resources by 2030 (as reflected in the National Waste Policy Action Plan) (DCCEEW 2024b, p. 9).
It sets out short‑to‑medium term priorities in four sectors (industry, built environment, food and agriculture, and resources) (DCCEEW 2024b, p. 16) and includes enablers and crosscutting objectives to pursue these priorities. The role of governments to support Australia’s transition to a circular economy, according to the Framework, will be to ‘set the direction and provide the foundation … by implementing supportive policies, providing financial incentives and encouraging collaboration, and behaviour change across sectors’ (DCCEEW 2024b, p. 30). The enablers are focused on better design, higher quality and verifiable recycled materials and embedding circularity in frameworks and standards.
The Australian Government also has an important forward‑looking role to identify and manage emerging issues, such as those posed by hazardous chemicals. For example, a Senate Committee is currently inquiring into the regulation and management of per and polyfluoroalkyl substances (PFAS), including the effectiveness of current and proposed federal and state and territory regulatory frameworks to control the risks of PFAS to human health and the environment (Parliament of Australia nd). 
State and territory governments’ circular economy policies predominantly focus on waste management and resource recovery. They have various legislation, regulations and programs in place to govern what happens to materials at the end of the product life cycle, such as plastics bans and waste levies (discussed further below). State and territory governments also play an essential role in enforcing environmental protection regulations. 
State and territory governments provide financial incentives such as grants and funding to support circular economy approaches – both jointly with the Commonwealth through the Recycling Modernisation Fund, and through their own programs such as Queensland’s Resource Recovery Industry Development Program and Victoria’s Recycling Victoria Infrastructure Fund (QLD Department of the State Development, Infrastructure and Infrastructure 2024; Victorian Government 2022). Many state and territory governments also support the circular economy through sustainable procurement. For example, the SA Government has the Green Procurement Guideline and the WA Government has the Environmental Procurement Guide.
Some state and territory governments have initiatives aimed at earlier parts of the product life cycle such as:
Victoria’s Circular Economy Business Innovation Centre, which supports organisations to adopt circular economy practices such as through improving resource use, adopting innovative approaches to sustainability and developing future‑proof models to design out waste (CEBIC 2023)
NSW’s Circular Materials Fund, which provided a financial incentive for producers to design out or replace carbon emissions‑intensive virgin plastic with lower carbon‑intensity recycled materials (NSW DPIE 2021b).
Within a circular economy, local governments generally provide services and manage infrastructure. 
Local governments are responsible for waste management within their local areas as laid down by the regulatory framework within their state or territory. Local governments collect household waste and recyclables, manage and operate landfill sites, deliver education and awareness programs, and provide and maintain litter infrastructure. For example, many councils implement waste sorting behaviour campaigns and promote reusable products (e.g. nappies) to local residents.
Local government contexts differ considerably, such as from urban to regional to remote; and across population densities and different communities, environments and local economies. This is reflected in the range of ways that they support circular economy, through such activities as:
introducing or increasing the use of recycled materials in their operations and procurement (such as in local road construction)
reusing materials in the refurbishment of community facilities
using artificial intelligence to sort waste
partnering with charities to reuse and repair goods (Bower Reuse & Repair Centres nd; Australian Local Government Association, sub. 21, p.4; CASC 2021). 
Australian Government involvement in product stewardship schemes varies
Product stewardship puts responsibility on industry, manufacturers and/or importers to manage the environmental impacts of products and materials over their life cycle. A product stewardship scheme aims to encourage changes in all parts of a product’s life cycle, from design to disposal, to minimise materials use and waste. Requiring businesses that make or sell products – rather than end consumers – to be responsible for environmental impacts can lead to greater change across the life cycle, as businesses have more direct control over design and production decisions earlier in the supply chain. At the same time, these businesses can choose to pass the costs of product stewardship obligations onto consumers through higher prices.
The Australian Government has an important role in providing national leadership for product stewardship schemes, as it is challenging for state and territory governments to lead implementation and enforcement, since much of these schemes’ activities require coordination at a national level across businesses in a given industry. The Recycling and Waste Reduction Act 2020 (Cth) provides for three categories of product stewardship schemes in Australia:
industry‑led voluntary schemes – these can operate independently of or be accredited by the Australian Government
co‑regulatory arrangements between industry and government – a combination of industry action and supporting government regulation to achieve specified outcomes, such as improving product design or increasing recycling 
mandatory schemes – these are set under law and used when other types of product stewardship schemes are unsuitable or when mandatory arrangements deliver a greater net benefit to the community (DCCEEW 2024w; Product Stewardship Centre of Excellence nd). 
There are already a number of product stewardship schemes in place in Australia (table 2.2), though most industry‑led schemes are individual businesses with recycling or returns programs for their own (or related) products, rather than industry‑wide initiatives. Each year the Environment Minister lists priority products for action. When there is insufficient progress of stewardship schemes for products identified on the Minister’s priority list, the government may consider implementing a mandatory scheme (DCCEEW 2024w). 
Table 2.2 – Current product stewardship schemes in Australia
	Mandatory
	Co‑regulatorya
	Government accredited industry‑led voluntary 

	Oil
	TVs and computers
Plastics and packagingb
Cash for Containers – NT
Container Deposit Scheme – ACT
Container Deposit Scheme – SA 
Container Deposit Scheme – QLD 
Container Deposit Scheme – VICc 
Container Deposit Scheme – WA 
Return & Earn – NSW
	Mobile phones
Tyres
Large plastic bags
Batteries
Aluminium cladding
Plastics and packagingb
Plastic paint pails
Newspapers and magazinesd

	Industry‑led schemesa
	
	

	Aldi Battery Recycling, Apple product stewardship initiatives, Australian Food Pact, Australia Post product stewardship initiative, Back to MAC product stewardship initiative, Bata PVC gumboot recycling program, Bedding Stewardship Scheme, BIC Writing Instrument Free Recycling Program, Big W Toys for Joy, Boral product stewardship initiatives, Brickworks Carbon Offset Program, Canon Oceania product stewardship initiatives, Cartridges for Planet Ark, ChemClear, Chemists’ Own Blister Pack Free Recycling Program, Compose Connect, Comsol packaging stewardship initiative, Conscious Koala product stewardship initiative, Construction Plastics Recycling Scheme, David Jones BeautyCycle, drumMUSTER, EDMI product stewardship initiatives, Fluorocycle, Fronius product stewardship initiative, FujiFilm product stewardship initiative, Furniture 360, Game On Recycling, Good Citizens product stewardship initiatives, Green Caffeen product stewardship initiative, Havianas Free Recycling Program, HP product stewardship initiatives, IKEA buy‑back product stewardship initiative, Kathmandu product stewardship initiatives, Kitx product stewardship initiative, Maybelline Greener Together Free Recycling Program, MECCA Beauty Product Free Recycling Program, National Clothing Product Stewardship Scheme (Seamless), Nespresso Coffee Pod Recycling, Nude Jeans repair initiative, Officeworks product stewardship initiatives, Paintback, Patagonia Worn Wear Program, Plastics Stewardship Australia, Plumbing Industry Plastic Recycling Scheme, PP5 Recycling, PVC Recycling in Hospitals Program, PVC Stewardship Program, Responsible Care, ResiLoop – Stewardship for resilient flooringc, ResponsibleSteel, Rip Curl wetsuit takeback and recycling program, Schiavello product stewardship initiative, Schulz Organic Dairy Milk in Glass, ShawContract product stewardship initiatives, Simply Cups, Sustainable Living Fabrics, Sustainable Salon Recycling Service, SVC product stewardship initiatives, Tarkett product stewardship initiatives, Telstra product stewardship initiatives, The ICONIC product stewardship initiatives, Tip Top product stewardship initiative, TreadLightly, UCI product stewardship initiatives, Woven Image EchoPanel initiative, YUMEfoods product stewardship initiative


a. There are also a number of product stewardship schemes in development which include: A circular economy for silage wrap, Container Refund Scheme – TAS, Cosmetics Product Stewardship Program, End‑of‑life vehicle waste management solutions, Fit for Office, National non‑packaging agricultural initiative, National Plastics Recycling Scheme, PODcycle, Project Divert, Recycling Used Oil Containers, SeatCare and TexBack: PVC polyester textiles stewardship scheme. b. There is both a government accredited industry‑led voluntary scheme and co‑regulatory arrangements for plastics and packaging. c. These product stewardship schemes are in operation but at the time of writing this report they were still listed as in development on the Product Stewardship Centre of Excellence’s Product Stewardship Gateway. The most recent update of the Product Stewardship Gateway was completed in May 2024 and was updated based on published financial year 2022 and financial year 2023 annual performance data that was collated between late 2023 to April 2024 (Product Stewardship Centre of Excellence, pers. comm., 8 January 2025). The next update of the Gateway is scheduled for the first half of 2025 (Product Stewardship Centre of Excellence, pers. comm., 8 January 2025). d. The newspapers and magazines product stewardship scheme ThinkNewsBrands is listed as a government accredited scheme on the DCCEEW website but not on the Product Stewardship Centre of Excellence’s Product Stewardship Gateway. 
Source: Department of Climate Change, Energy, the Environment and Water (2024w); Product Stewardship Centre of Excellence (2025); Engage Victoria (nd) and ResiLoop Limited, sub. 84, p. 1.
Many participants submitted to this inquiry that product stewardship schemes could have significant benefits. For example, WWF Australia (sub. 44, p. 4) suggested that effective product stewardship schemes help Australia avoid being the dumping ground for manufactured goods, including white goods, that have inbuilt obsolescence. Planet Ark (sub. 147, p. 5) raised that holding producers accountable for the products they place on the market will encourage designs that prioritise durability, repairability and recyclability. Wannon Water (sub. 88, p. 3) put forward the need for ‘strengthening of product stewardship regulation to make purchasing easier and create and strengthen regional markets for secondary materials’. Some participants also raised the need for greater national oversight on product stewardship to level the playing field so there are no free riders. 
However, implementing mandatory product stewardship schemes has costs, both upfront in setting up the scheme and in the ongoing monitoring and enforcement of businesses’ compliance with the scheme’s requirements. And moving too fast to mandatory arrangements can reduce opportunities for businesses to join and ‘buy‑in’ to the scheme. Heavier government intervention should only occur where the benefits to community wellbeing arising from a mandatory scheme exceed these costs. DCCEEW are currently completing a statutory review of the Recycling and Waste Reduction Act 2020 (Cth), which will consider ‘the limitations of the current approaches to product stewardship, including concerns around the viability, integrity and impact of stewardship schemes supported by the Act’ (DCCEEW nd).
As stewardship schemes are typically product or industry‑specific, they are explored in more detail in the sector‑specific chapters 4 to 9, where such schemes exist or have been suggested for a relevant sector.
Some states and territory policies are similar but not aligned
Almost all states and territories collect waste levies from waste operators, which in turn pass on the costs to businesses and households disposing waste at their facilities.[footnoteRef:19] By putting a price on landfill, levies provide an incentive for businesses and households to reduce or recycle waste. Waste levy rates and approaches differ between jurisdictions, with some adopting a flat rate across the state, and others varying rates depending on location and/or type of waste (table 2.3). These introduce, in effect, different prices for unpriced externalities associated with waste (such as air, water and soil pollution). Unnecessary inconsistencies in levies or regulations across jurisdictions can lead to inefficiency and barriers to circularity (chapter 10).  [19:  New South Wales was the first jurisdiction to introduce a waste levy in 1971 (NSW EPA 2024e, p. 1) with others following from 1990, though the Northern Territory is still considering the introduction of a levy (NT DEPWS 2022, p. 13).] 

Table 2.3 – Waste levies vary across jurisdictions
	State/ Territory
	Rate in 2024‑25
	Year of introduction

	NSW
	$170.10 per tonne in the Metropolitan Levy Area and $97.90 per tonne in the Regional Levy Area
	1971

	Vic
	Prescribed municipal (metro) premises: municipal waste $132.76; industrial waste $132.76. Non‑prescribed municipal (rural) premises: municipal $66.30; industrial $116.76 
	1992

	Qld
	General levy rate metro $115 per tonne; regional $94 per tonne
	2019

	WA
	$85 per tonne; $129 per cubic metre 
	1998

	SA
	Metropolitan solid waste $161 per tonne; non‑metro $80.50 per tonne
	1994

	Tas
	$44.88 per tonne
	2022

	ACT
	$113.40 per tonne
	1993

	NT
	Under consideration
	


Source: NSW EPA (2024g); Environment Protection Authority Victoria (2024d); Queensland Government (2024c) Government of Western Australia (2023); EPA SA (2024c); Department of Natural Resources and Environment Tasmania (2024b); TCCS (nd) and Northern Territory Government (2022, p. 12).
Container deposit schemes have been introduced in most states and territories. These schemes aim to reduce littering and waste in landfill and increase recycling by putting a value on eligible empty containers. South Australia was the first government to introduce such a scheme in 1977 (EPA SA 2024a), with most remaining state and territory governments following over the last 12 years.[footnoteRef:20] While the refund rate for eligible empty containers is consistent across all jurisdictions, there are small differences in the containers that are eligible to be returned.[footnoteRef:21] In 2021, Environment Ministers agreed to harmonise container sizes and products, refund amounts, standards for labelling, and community education across jurisdictions by the end of 2025 (DCCEEW 2021a, p. 1). [20:  Tasmania’s container deposit scheme is scheduled to commence in mid‑2025 (Tasmanian NRE 2024a).]  [21:  In Queensland, the containers accepted for recycling were expanded in 2023 to include glass wine and pure spirit bottles (Queensland Government 2024a). The WA and SA Governments have both released discussion papers and consulted on expanding eligible containers (EPA SA 2024b; Government of Western Australia 2022). The Victorian container deposit scheme explicitly states it accepts fermented milk product containers whereas other jurisdictions’ schemes do not (Circular Economy (Waste Reduction and Recycling) (Container Deposit Scheme) Regulations 2022, S.R. No. 94/2022).] 

All states and territories have also banned or are planning to ban single‑use plastic items. The negative environmental impacts of plastics include harming wildlife and public amenity, and greenhouse gas emissions at each stage of the life cycle of most plastics (NSW DPIE 2021a, p. 4). While all jurisdictions have banned single‑use lightweight plastic bags, some jurisdictions have taken a stronger stance (for example, Western Australia and the Australian Capital Territory have banned all plastic shopping bags with handles, regardless of thickness, and South Australia banned all plastic shopping bags except for those that are certified as compostable). All states and territories have banned or are planning to ban single‑use plastic drinking straws and stirrers, cutlery and plates. Inconsistent circular economy and waste policy settings across jurisdictions are discussed in chapter 10.
A wide range of other policies also affect the circular economy 
In addition to government policies that are directly focused on shifting towards a circular economy, there are also policies, including those aimed at reducing environmental impacts more generally, that can encourage more efficient materials use. 
For example, the Australian Government’s existing climate change policies – including the Renewable Energy Target, Safeguard Mechanism, Australian Carbon Credit Unit Scheme, Capacity Investment Scheme and New Vehicle Efficiency Standard – act to address the emissions‑related negative externalities including those associated with materials use and waste. Circular economy opportunities that reduce greenhouse gas emissions by lowering materials extraction and use could be covered under these policies, to the extent that the circular emission reduction methods are eligible under relevant schemes. However, as emissions policies do not directly address other negative externalities – such as other types of air and water pollution, biodiversity loss, and adverse impacts on human health and safety – they only partially account for the environmental impacts arising from materials use and waste.
Water policy, such as the National Water Initiative, aims to improve the sustainable management of Australia’s water resources and increase water security for communities, agriculture and the environment. While circular activities that predominantly relate to water use efficiency are outside the scope of this materials‑focused inquiry, it is important to note that some circular economy opportunities could also lower demand for water use. For example, the Water Efficiency Labelling Scheme is estimated to have saved 172 GL of water in 2024 by supporting better quality products (DCCEEW 2024b, p. 10), and sustainably developed precincts (urban and agricultural) with efficient water managements systems can recycle greywater and/or harvest rainwater, reducing freshwater consumption.
Finally, other government policies and regulations can play a significant role in guiding how businesses use materials and recycle waste, although not always labelled ‘circular’ policies. These are often in sector‑specific contexts, such as standards on how recycled materials can be used for building in the National Construction Code, regional planning and transformation strategies[footnoteRef:22] or requirements about processing mining waste in state‑based mining regulations. Such policies and regulations are discussed further in the sector‑specific chapters 4 to 9. Other policies and regulations, such as Australian Consumer Law, cut across multiple policy dimensions including circular economy.  [22:  For example, Greater Whitsunday’s Regional Transformation Strategy (Queensland Government 2024b).] 

 OFFICIAL

Australia’s circular economy: Unlocking the opportunities Interim report
The role of government in fostering a circular economy

1
1
[bookmark: _Toc190959790][bookmark: _Toc191395522]Prioritisation framework
	Key points

	[image: ]
	The Productivity Commission is identifying priority circular economy opportunities to improve materials productivity (and associated policy interventions) using three broad considerations: 
the environmental and economic significance of the materials use addressed by circular economy opportunities
the applicability of circular economy opportunities to Australia
the viability of policy intervention to reduce barriers to circular economy opportunities.

	[image: ]
	The PC is using comparable quantitative indicators (where data is available), qualitative information from engagement with inquiry participants and desktop research to inform prioritisation.
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	This interim report explores potential circular economy opportunities in six priority sectors – the built environment, food and agriculture, textiles and clothing, mining, vehicles, and electronics. It also examines several system‑wide changes that would facilitate circularity across sectors.


[bookmark: _Toc190959791][bookmark: _Toc191395523]Considerations for prioritisation
The terms of reference ask the Productivity Commission to identify priority circular economy opportunities for Australia and ways governments can address barriers to their adoption.
The PC is identifying priority circular economy opportunities to improve materials productivity (and associated policy interventions) using three broad considerations: 
the environmental and economic significance of the material use addressed by circular economy opportunities
the applicability of circular economy opportunities to Australia
the viability of policy intervention to reduce barriers to circular economy opportunities.
The rest of this section outlines the reasoning behind these considerations and guiding questions for assessing circular economy opportunities against them. Figure 3.1 summarises the PC’s approach.
Figure 3.1 – Summary of the PC’s approach to prioritising circular economy opportunities and associated policy interventions
[image: This figure shows the three broad considerations the PC is using to identify priority circular economy opportunities and associated policy interventions. For each consideration it includes 3-4 guiding questions and a brief rationale. The considerations are: the environmental and economic significance of the material use addressed by circular economy opportunities, the applicability of circular economy opportunities to Australia and the viability of policy intervention to reduce barriers to circular economy opportunities]
Environmental and economic significance of the materials use 
Circular economy opportunities that relate to larger amounts of materials use, or more hazardous materials, are likely to have greater economic and environmental benefits. For example, a circular economy opportunity that increases materials efficiency in:
a sector that uses comparatively large quantities of materials will tend to result in greater economic and environmental benefits because the materials efficiency improvement is multiplied across a large consumption base
a production process that results in particularly harmful by‑products or waste streams will tend to have larger environmental benefits because the avoided negative impact will be greater for each percentage increase in materials efficiency. 
When assessing potential economic and environmental benefits of a circular economy opportunity, the significance of current and projected materials use are both relevant. Even if some materials or waste streams do not have major environmental impacts now, it is prudent to prioritise circular economy opportunities that will address likely future impacts if strong growth is projected. 
Circular economy opportunities can have a variety of economic benefits. Business practices that reduce the amount of materials needed to produce goods and services can improve overall productivity. Circular economy opportunities may also enhance economic diversity and capability, by shifting away from traditional linear business practices and enabling innovative business models and production processes centred around circular practices such as sustainable design, repair and recycling. Furthermore, a circular economy opportunity could generate economic growth by creating new markets and job opportunities. For example, a report commissioned by Green Industries South Australia found that South Australia’s circular economy has the potential to generate 25,700 jobs by 2030 (Lifecycles et al. 2017, p. 2). 
The economic and environmental benefits of circular economy opportunities may also vary depending on their contribution to other strategic policy agendas. For example, some circular economy opportunities may reduce risks to Australia in international markets where other countries have made greater progress towards circularity. Circular economy opportunities may also contribute to strategic agendas such as critical mineral and food security or achieving sustainable development goals. 
Where possible, the PC is using quantitative data to assess the significance of materials use (table 3.1).[footnoteRef:23] However, as highlighted by many participants, there are gaps and insufficient granularity in publicly available quantitative data.[footnoteRef:24] As such, these indicators alone cannot tell nor predict the full story of materials use, impacts, or environmental or economic potential. For example, tonnes of materials used is a pragmatic but imprecise proxy indicator of environmental impact. It also offers limited insights into the social and economic impacts of materials use and wastes. Therefore, the PC is supplementing materials use indicators with other available data sources, such as those on specific environmental impacts, and lifecycle analyses to understand the lifecycle impacts of certain products and materials. The PC is also applying qualitative forms of evidence to guide prioritisation.  [23:  While quantitative measures have been examined, the PC has not formally modelled potential impacts of circular economy opportunities in this interim report.]  [24:  For example, Coreo (sub. 104, p. 14), Engineers Australia (sub. 108, p. 3), Mathur (sub. 10, p. 1), NSW Government (sub. 139, p. 1), ResiLoop Limited (sub. 84, p. 4), Swedish Australian Chamber of Commerce Sustainability Committee (sub. 94, p. 2), WALGA (sub. 167, p. 2) and WARRRL (sub. 87, pp. 6-7).] 


	Guiding questions for assessment and prioritisation: significance of materials use
How large is the materials use that the circular economy opportunity relates to? Is materials use projected to grow substantially? Does the circular economy opportunity improve materials efficiency and/or productivity across a range of sectors, products, supply segments or materials, or a small subset of these? 
How environmentally harmful is the materials use that the circular economy opportunity relates to? What are its global effects (for example, greenhouse gas emissions) and localised effects (for example, contaminants)? To what extent could the circular economy opportunity reduce these harmful effects?
Is improving materials efficiency and/or productivity important for other economic or strategic reasons? To what extent does the circular economy opportunity improve economic outcomes (such as productivity, capability, growth, diversity)? To what extent does the circular economy opportunity contribute to other strategic policy agendas (such as critical mineral or food security, achieving sustainable development goals, facilitating industry adjustment to international circular economy trends)? 



Table 3.2 – Indicators for prioritising circular economy opportunities: significance of materials use
	
	What does it measure?
	Role in prioritising circular economy opportunities?
	Limitations and caveats

	Consumption indicators
	Tonnes of materials extracteda domestically or internationally, to meet final domestic consumption (for example housing, food) (figure 1.5). 
	Higher consumption footprint means greater potential for consumption‑related circular economy opportunities to result in environmental benefits.
	Tonnes of materials is an imprecise measure of environmental impactsb and there is limited data availability for sectors and products of interest (including lacking granularity).

	Production indicators
	Tonnes of materials extracted domestically to meet final consumption domestically or internationally (such as exports).
	Higher production footprint means greater potential for production‑related circular economy opportunities to result in environmental benefits.
	As above

	Waste indicators
	Tonnes of waste produced and disposed of domestically (by sector or material type where possible) (figure 1.5).
	More waste means greater potential for circular economy opportunities that affect waste storage and disposal to result in environmental benefits.
	As above


a. Raw materials include biomass, fossil fuels, metal ores and non‑metallic minerals. b. The environmental impact associated with producing one unit (for example, one tonne) of a material varies significantly, but measuring by weight treats them equally (European Commission nd). 
Applicability of circular economy opportunities to Australia 
Some circular economy opportunities lend themselves more readily to Australia than others due to the characteristics of the Australian economy (including its size, structure and trade orientation). 
For example, Australia imports significantly more textiles and clothing than it produces (based on ABS 2024c). Consequently, opportunities that change how Australians consume and dispose of textiles and clothing will likely affect a larger volume of materials than those that change how local businesses manufacture these products (chapter 6). Australian governments could seek to influence how overseas businesses design and manufacture imported goods, but this influence may be limited where Australia represents a relatively small share of the global market (such as for vehicles, chapter 8). Circular economy opportunities in production are more applicable to products that are predominantly manufactured in Australia, such as packaging (based on APCO 2024, pp. 43, 66, 88, 117, 134).
Owing to the geographic dispersion of Australia’s population, some circular economy opportunities may be limited to certain parts of the country. These include opportunities that rely on economies of scale, co‑location (for example, some place‑based initiatives), and access to specific technical skills or infrastructure. 
The extent to which Australian businesses and households are leaders or laggards in circular economy best practice varies across sectors, products, product life cycle segments, materials and locations. In some cases, adoption rates are relatively high, such as motor vehicle repair, which makes up the largest share of repair and maintenance activity in Australia (PC 2021b, p. 67). As such, some of the available benefits from this opportunity are already being realised (chapter 6). In other cases, adoption of circular practices remains persistently low (such as modular housing design), such that there may be greater scope for change. Low uptake of certain circular business models, technologies or behaviours may also indicate barriers to adoption that governments could potentially help address. 
The PC assessed the applicability of circular economy opportunities to Australia using comparable quantitative indicators where possible, complemented by data sources on specific sectors or opportunities, and qualitative research (table 3.2). The PC intends to engage further with stakeholders after its interim report is released to fill some of the data gaps encountered and improve its assessment. 

	Guiding questions for assessment and prioritisation: applicability to Australia
To what extent can Australia influence the part of the product life cycle that the circular economy opportunity relates to? 
How will the Australian context (for example geography, population, infrastructure) affect the feasibility of this circular economy opportunity? 
What is the scope for improvement in the management of materials, given current adoption of circular practices?

	


Table 3.3 – Indicators for prioritising circular economy opportunities: applicability to Australia
	
	What does it measure?
	Role in prioritising circular economy opportunities 
	Limitations and caveats 

	Size of product life cycle segment in Australia
	The amount of materials used in Australian production (including waste) or consumption, in the supply chain segment that a circular economy opportunity applies to. 
	Greater activity in Australia means greater potential for circular practices to be adopted by Australian businesses and/or households.
	Lack of data related to specific supply chain segments.
Size is not a complete indicator, as full adoption of a circular economy opportunity may not be possible or desirable.

	Circular adoption rates
	The extent businesses or households in Australia undertake circular practices (for example, percentage of new build using recycled inputs).
	Lower current levels of adoption may suggest scope for improvement.

	Lack of data on adoption (particularly by materials).
Low levels of adoption may be due to barriers in Australia’s context (for example, geography) or technical constraints.

	International comparison
	Domestic consumption or waste per capita relative to international comparators.
	If Australia has relatively high levels of consumption or waste per capita, this may suggest greater scope for improvement.
	Lack of data on domestic consumption and waste related to specific supply chain segments.
Differences may be due to Australia’s context (for example, economic structure).


Viability of policy intervention to reduce barriers to circular economy practices
Businesses and households are motivated by various reasons to pursue circular economy opportunities (section 2.1), and there are government programs and regulations to manage some of the negative impacts associated with materials use (section 2.2). However, existing policies, programs or regulations may have gaps (for example for new and emerging products), outdated standards or rules, or poor design or implementation that act as barriers to adoption. This could result in, for example, relatively lower cost abatement opportunities from newer circular processes and technologies going unrealised. Market failures, such as where the price of products does not reflect the full costs to society of extracting and processing virgin material inputs, can also limit adoption of circular economy practices. For example, businesses may avoid using recycled inputs for production if they have access to relatively inexpensive virgin materials. 
If there are regulatory or market failures, there may be a case for government to intervene to address them, depending on the likely costs, benefits and risks of different policy options. There may also be scope for governments to help businesses overcome barriers to adopting circular economy practices that require coordination across different sectors or parts of the supply chain.
Intervention to reduce barriers to uptake of circular economy opportunities is more likely to have net benefits where: 
a market or regulatory failure is associated with the production, consumption or disposal of materials, resulting in limited adoption of circular economy practices
there is scope to build on existing policies, regulations or strategies and avoid the costs associated with setting up, administering and adapting to new ones 
there are lessons to be learned from other jurisdictions 
business and community support and readiness for government intervention is high, as this can reduce costs associated with implementing the intervention, and build on existing knowledge about what works
there is evidence the proposed policy intervention would be a cost‑effective way to achieve environmental and socio‑economic outcomes, including implementation, monitoring and enforcement requirements.[footnoteRef:25] [25:  A dynamic approach to assessment is necessary as intervention details are developed.] 


	Guiding questions for assessment and prioritisation: viability of policy intervention
What market or regulatory failures act as barriers to the uptake of circular economy opportunities?
What existing regulations, data collection and monitoring arrangements could be built on? 
What is the evidence that a circular economy opportunity would be a cost-effective way of addressing environmental or socioeconomic objectives? 
What are the lessons from other jurisdictions in which a particular opportunity has been pursued?
How willing and ready are businesses and the community to support the intervention, including whether they are already coordinating or advancing effort in this space? Are the right enablers in place to support this change?

	


[bookmark: _Toc190959792][bookmark: _Toc191395524]Applying the prioritisation framework
A staged approach to prioritising opportunities
In this inquiry, the PC is undertaking the following steps to prioritise and analyse circular economy opportunities, and propose policy recommendations relating to these opportunities:
Gather potential circular economy opportunities: Review the relevant literature, policy documents and inquiry submissions, and engage with variety of industry, community and government participants to identify potential circular economy opportunities in Australia, and current and planned government policy and programmes. 
Assess circular economy opportunities and policies to address barriers to adoption: Apply the prioritisation considerations to understand the extent to which circular economy opportunities could result in environmental or economic benefits (for example based on amount and types of materials currently used), the applicability of the circular economy opportunity to Australia and the viability of policy interventions to address relevant barriers.
Prioritise circular economy opportunities and outline policy reform directions in this interim report: Identify circular economy opportunities that perform well against the prioritisation criteria and outline potential directions for policy reform that address the barriers to their realisation (for example market and regulatory failures). 
Seek feedback and refine policy analysis for the final report: Engage with inquiry participants following this interim report’s release to test the identified circular economy opportunities, barriers and reform directions, and seek additional information to inform policy design, including implementation feasibility and risks.
Develop final policy recommendations: Finalise the identification of priority circular economy opportunities and develop a series of priority recommendations for government action, including implementation details, for the inquiry’s final report. 
Selected priority areas for circular economy opportunities
In this interim report, the PC examines circular economy opportunities in six priority sectors identified using the above framework (chapters 4 to 9) and several system‑wide changes that would facilitate circular economy opportunities across sectors (chapter 10) (figure 3.2). There is some cross‑over between the sectors identified by the PC and the sectors selected for deep dives in the Circular Economy Ministerial Advisory Group’s final report: built environment, food and agriculture, resources and water (DCCEEW 2024v).
While the PC did not undertake a detailed examination of all circular economy opportunities in all the sectors suggested by stakeholders, the PC has identified cross‑sectoral opportunities to improve circularity (chapter 10), with broader applicability than the six priority sectors. For example, the PC considers if and how inconsistent regulations, standards and specifications across Australia should be addressed, and this may include settings that apply to other sectors.
Figure 3.2 – Priority areas for circular economy opportunities and system‑wide changes
[image: This figure shows the priority areas for circular economy opportunities – built environment (chapter 4), food and agriculture (chapter 5), textiles and clothing (chapter 6), mining (chapter 7), vehicles (chapter 8) and electronics (chapter 9). It also shows system-wide arrangements (chapter 10) including regulatory harmonisation, facilitating coordination, innovation, place-based initiatives and indicators ]

Throughout this interim report, the PC has identified specific issues on which it is seeking further information to help inform its final recommendations, including the:
current and potential uptake of circular economy opportunities in specific sectors and for certain materials
nature and size of the expected benefits of circular opportunities, and how policy reform directions enabling opportunities could be implemented to maximise these benefits
costs and implementation issues associated with reform directions, including which reforms are achievable over the short to medium term and which levels of government are best placed to progress them.
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	Constructing buildings (such as houses and offices) and civil infrastructure (such as roads, rail and utilities) involves large amounts of materials, waste and emissions.
Australia’s construction sector accounts for 42% of Australia’s non‑metallic minerals consumption, 25% of metallic minerals consumption, and 7% of biomass consumption.
Manufacturing these materials accounts for 2.2%, 6.4% and 0.3% of Australia’s emissions, respectively. Direct emissions from construction (such as fuel combustion) accounts for 2.6% of emissions.
Construction and demolition waste contributes a quarter of all waste that goes to landfill in Australia.
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	Circular practices with potential for greater uptake in Australia include using recycled materials to build civil infrastructure, and using prefabricated building techniques to construct buildings.
Using recycled materials or by‑products instead of virgin materials for construction can reduce emissions and environmental impacts from manufacturing and extracting virgin materials (such as contaminating water or soil). 
Prefabricated building techniques can reduce materials use and waste, build times and emissions. 
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	Some prescriptive aspects of current specifications and standards for public infrastructure procurement, and coordination challenges between suppliers, contractors and government agencies, are limiting the use of recycled materials in civil construction.
The Productivity Commission is considering policy measures to enable fit‑for‑purpose use of recycled materials in public projects. It is seeking further information on which building specifications are unnecessarily impeding the use of recycled materials in public projects and ways to address these barriers.
The PC is also exploring whether supporting federal and state procurement policies by introducing coordination mechanisms, such as Victoria’s ecologiQ program, could lead to net benefits. 

	[image: ]
	Barriers to prefabricated techniques include high production costs and burdens when complying with regulations that were developed with conventional building techniques in mind.
The PC is considering a reform direction on how governments can reduce unnecessary regulatory barriers to prefabricated construction, recognising that some regulations may be required to limit undesirable outcomes. 


4.1 [bookmark: _Toc190959794][bookmark: _Toc191395526]Overview of the built environment sector
The built environment relates to the structures that people live in, work in and use each day. These structures include residential buildings (houses and apartments), non‑residential buildings (offices, warehouses, schools and stores), civil infrastructure (bridges, roads and railways) and service infrastructure (energy and water). The life cycle of structures in the built environment consists of six phases.
Infrastructure planning, urban planning and zoning (including at region/city scales): planners determine where to locate different types of land uses and structures (residential, business, industrial, mixed) and the need for different types of service infrastructure (for example, water, transport, energy).
Planning and design: engineers, and architects develop a structure’s look, feel and functions.
Construction: builders or construction companies use various materials, such as ceramics, glass, steel, timbers and concrete, to make and assemble the structure.
Use: households and organisations occupy or use the building or infrastructure, which uses resources such as energy and water. Owners or occupiers of the structure may periodically undertake repairs, maintenance or refurbishment to extend the structure’s life, which also use materials and other resources.
Demolition or disassembly: demolition companies take down the structure and send materials to landfill or to other businesses to reuse or recycle.
Sorting and processing: waste and recyclables are sent for sorting and processing, to be diverted or sent to landfill (figure 4.1).
Figure 4.1 – Built environment life cycle and material‑use
[image: Figure 4.1 - This figure shows the four main stages of the built environment life cycle, and associated material use. The first stage is building material production. Activities in this stage consist of saw milling and clinker, cement, brick and tile production. This stage uses materials like limestone, sand, rock, metal, wood, clay and chemicals. The second stage is planning, design and construction. This stage consists of activities such as residential and non-residential building design and construction, and infrastructure design and construction. This stage uses materials such as cement or concrete, brick, glass, plaster, timber, metals and tile. The third stage is use and consumption. This stage consists of activities such as maintaining, refurbishing, or renovating structures. It uses materials such as construction materials and fuel. The final stage is the demolition, disassembly, sorting and processing stage. This stage consists of activities such as demolition, recycling and landfilling. It uses materials such as construction materials and fuel. Recycled materials from other sectors flow into this life cycle. Materials that reach the demolition, disassembly and processing stage of the built environment are also recycled and reused for building material production and construction as well as sent to other sectors for recycling or reuse. Waste that isn’t recycled is sent for landfill.]
Profile of the Australian construction sector 
Australia’s construction sector accounted for about $175 billion (or 7%) of Australia’s total economic output in 2023‑24 (based on ABS 2024a). The construction sector directly employed about 1.2 million people in September 2024, which represented 8.3% of Australia’s total workforce (based on ABS 2024g). 
Master Builders Australia has forecast that the total value of residential, non‑residential and civil construction work carried out in Australia from 2024 to 2028 will be $1.38 trillion – 16.4% higher than the value from 2019 to 2023. Their forecast assumes strong growth in residential housing construction spurred on by the National Housing Accord and continued projected growth in infrastructure construction (Master Builders Australia 2024, p. 4). This would likely mean growth in associated materials use and waste production.
Australia’s construction sector sources most material inputs from domestic suppliers. Master Builders Australia states that over 80% of construction inputs were estimated to come from domestic suppliers in 2018‑19 (Master Builders Australia 2021, p. 20).
Environmental impacts associated with construction materials 
Australia’s construction sector uses a large amount of emissions‑intensive virgin materials. The construction sector accounts for 42% of Australia’s consumption of non‑metallic minerals (such as concrete, glass, plaster and ceramics), 25% of Australia’s consumption of metallic minerals (such as structural steel, fittings, aluminium, and copper pipes), and 7% of Australia’s consumption of biomass (such as wood products) (based on UNEP 2024d). The manufacturing of products using these materials in Australia accounted for 2.2%, 6.4% and 0.3% of total emissions respectively in 2022.[footnoteRef:26] Construction also has direct emissions (for example, from fuel combustion when operating machinery), which accounted for 2.6% of Australia’s emissions in 2022 (based on DCCEEW 2022b). [26:  Using 2022 emissions, these estimates are calculated by dividing 20 Non-Metallic Mineral Product Manufacturing, 21 Primary Metal and Metal Product Manufacturing+ 22 Fabricated Metal Product Manufacturing, and 14-16 Wood, Pulp, Paper and Printing by Total of all Economic (ANZSIC) Sectors. ] 

Construction and demolition (C&D) waste recycling rates are relatively high. Nationally, the C&D waste recycling rate was around 81% in 2022‑23 (DCCEEW 2025b, p. 39). However, Australia’s construction sector produces a large amount of waste by weight. C&D waste represents approximately 26% of all waste that goes to landfill in Australia (based on DCCEEW 2025b, p. 82).[footnoteRef:27] Volumes of construction waste to landfill are considerable when compared to other waste streams, with the amount of landfilled construction waste roughly similar to that of total municipal solid waste landfill (around 5.5 and 6.5 megatonnes respectively in 2022‑23) (DCCEEW 2025b, p. 82).  [27:  Calculated using core waste figures (excludes ash).] 

Landfilled construction waste can negatively affect human health and natural ecosystems by contributing to global emissions and contaminants entering nearby water resources and soil (Molla et al. 2021, pp. 7–8). Most waste types by weight (such as concrete rubble, asphalt, bricks) do not disintegrate naturally and typically do not create harmful leachate (EPA SA 2019, pp. 3, 5; Molla et al. 2021, p. 4). However, some waste streams from construction, such as asbestos, contaminated soil, chemicals and heavy metals, are hazardous to human health and the environment (DAWE 2021, p. 14; Molla et al. 2021, pp. 7–8). Hazardous waste accounted for about 13% of all construction waste in 2018‑19, and is dominated by contaminated soils excavated during infrastructure construction and asbestos (based on ABS 2020; DAWE 2021, pp. 14, 132, 140). Governments typically have legislated processes for safe end‑of‑life waste management of these materials (EPA Victoria 2024a, 2024b; NSW EPA 2019; Victorian Government 2024).
4.2 [bookmark: _Toc190959795][bookmark: _Toc191395527]Opportunities for greater circularity in the built environment
Circular economy opportunities associated with the built environment arise at various stages of a construction project’s life cycle. To understand the applicability of these opportunities in Australia, the Productivity Commission has considered the current and projected size of the relevant market sectors to which each opportunity relates (such as residential builds) and the current levels of adoption, using the considerations outlined in chapter 3.
Robust assessment of public infrastructure and integrated planning
Government processes that ensure public investment in new infrastructure is both economically efficient and environmentally sustainable help to avoid investment of taxpayer funds in projects for which the costs to society outweigh their benefits.
Robust public investment processes are an important circular economy strategy, because choosing not to proceed on projects that do not have sufficient net benefits to the community also avoids the associated materials usage, waste flows and localised impacts on the environment and country (Arup 2024; SIRM, sub. 1, p. 3). Past and present Australian, state and territory governments have issued various policies and guidelines to promote economically efficient and environmentally sustainable infrastructure investment, including requirements for agencies to consider alternatives to building new infrastructure (such as demand management strategies) (for example, DCCEEW (2024u, p. 13), WA DoT (2024a, p. 4), Infrastructure Australia (2021), Infrastructure NSW (2024, p. 7)).
However, government decision makers sometimes do not rigorously apply these principles. In its 5‑year productivity review, the PC observed that:
In some instances, best practice procurement is not to procure at all because the dollars could be spent elsewhere on better outcomes for the public. The oft‑repeated admonition to apply genuine, disinterested, rigorous cost‑benefit analysis (CBA) of major projects suffers from its forgettability. Everyone says it is a good idea. … But compliance with best practice is piecemeal, and the outcomes of the analysis may not have any effect on project choice (PC 2022, p. 72).
Integrated urban planning is an important aspect of city design and management to facilitate efficient and sustainable government investment, improve materials productivity, and reduce environmental impacts associated with the built environment (UNEP 2024c). It incorporates place‑making, transport, housing, health and biodiversity in the same planning processes (UNEP 2024b), across decisions about land use, service delivery and civil infrastructure development.
Many state and territory governments have stated objectives around integrated planning, including in infrastructure and transport (Infrastructure NSW 2022; SA DHUD 2019; VIC DTP 2024b), and urban water planning (DELWP 2017; NSW DPIE 2022). However, challenges still remain. For example, in 2020, the PC identified barriers to integrated water management relating to a lack of clear objectives, clarity of roles and responsibilities, and formal process for communication between the urban planning and water sectors (PC 2020a, p. 40). The Water Services Association of Australia (2024, p. 8) also noted that integrating urban water and land use planning needed to be pursued as part of an updated National Water Reform agenda.
Designing structures for disassembly
Designing the built environment for circularity aims to reduce materials use and wastage by making it easier to prolong the life of buildings through repair or refurbishment and/or to recover materials when a building reaches the end of its useful life (EU 2019). A key principle of designing for circularity is designing structures so they are easy to disassemble,[footnoteRef:28] which enables circular practices later in the structure’s life cycle. For example, designing for disassembly can make it easier for property owners to refurbish and repair buildings during the use phase by allowing them to detach and replace specific parts. It can also allow demolition and recycling companies to recover materials for reuse because it is easier to separate materials and avoid damage during demolition or disassembly (NSW Treasury 2023, p. 20; APCC, sub. 74, p. 3; ACOR, sub. 75, p. 12). These activities in turn have environmental benefits, such as reduced emissions. [28:  For example, APCC (sub. 74, p. 3); Arup (2024; sub. 52, p. 4); Engineers Australia (sub. 108, p. 3); WWF (sub. 44, p. 5).] 

While designing for disassembly is relatively uncommon in Australia, there is growing interest in this area. For instance, there are consultants dedicated to helping construction companies adopt circular built environment design solutions (Zero Waste Victoria sub. 169, p. 10). A survey undertaken by the World Green Building Council in 2018 attributed increased green building practices in Australia to market and client demands, and to a lesser extent, environmental regulations and altruism (WGBC 2018, pp. 46–47).
Designing for disassembly appears to have a wide range of applications across most forms of construction. For example, Bradfield City Centre’s ‘First Building’ in New South Wales was designed with disassembly and whole‑of‑life cycle waste minimisation in mind (NSW Treasury 2023, p. 20). Another example is the Northshore Pavilion in Queensland, which was designed as a temporary public structure for future disassembly and relocation (Wood Solutions 2024b). Internationally, there are examples of design for disassembly in a wide array of uses, including temporary housing (for example, British Columbia temporary affordable housing), non‑residential buildings (offices in the Netherlands), bridges and viaducts (Dutch transport agency Rijkswaterstaat, TU Delft, Vaylavirasto Circular Bridges in Finland) (Arup, sub. 52, p. 4; CMHC 2021; Fast Company 2019).
Using recycled materials in civil construction
In a variety of cases, builders can use by‑products and recycled materials (such recycled glass, tyres and fly ash) for construction instead of virgin materials, without compromising safety. Many submissions and industry reports that identify the opportunity for greater use of by‑products and recycled materials in construction relate to civil infrastructure construction (such as building roads).[footnoteRef:29] [29:  For example, ALGA (sub. 21, p. 4); Arup (sub. 52, pp. 4, 6); Australasian Railway Association (sub. 97, pp. 2-4); CCAA (sub. 55, pp. 8, 10); CCF (sub. 42, p. 4); Infrastructure Victoria (sub. 28, p. 4); Pact Group (sub. 77, p. 10); Polar Enviro (sub. 29, pp. 6-7); SSROC (sub. 26, p. 3).] 

In Australia, the degree of industry usage and acceptance of recycled construction materials varies by material type (table 4.1). Recycled concrete aggregate, bricks, asphalt and fly ash all generally have well‑developed markets and are re‑used in civil construction, particularly as road base, aggregates, hardstand areas and asphalt. Other materials such as recycled glass, crumb rubber and recycled plastic have less developed markets and are not as commonplace in industry but are emerging as inputs for substitution or addition into road and rail infrastructure. For example, the Victorian Government has used recycled plastic in constructing noise walls for the Mordialloc freeway, and recycled glass has been increasingly used in road construction and pavement (CCAA, sub. 55, p. 10; SSROC, sub. 26, p. 3). 
Table 4.1 – Types and uses of by‑products and recycled materials in civil construction
	Material
	Industry uptake
	Use

	Reclaimed asphalt pavement
	More accepted
	Direct use in new pavements, granular pavement

	Fly ash (by‑product from coal‑fired power plants)
	More accepted
	Supplementary cementitious material, Portland cement replacement, asphalt filler 

	Crushed recycled concrete and brick
	More accepted
	Subbase, basecourse, alternative to quarried aggregate, sand, and limestone

	Crumb rubber (tyres)
	More accepted
	Sprayed seal, performance enhancing additive to asphalt

	Recycled plastic 
	Developing 
	Plastic ancillary components (e.g. sound barriers), bitumen binder, concrete additive

	Recycled glass (predominantly from bottles)
	Developing
	Natural sand replacement for embankments (developed), road pavement and concrete additive (developing)


Sources: adapted from Standards Australia, ACOR and Infrastructure Australia (2022; 2023).
Environmental benefits from substituting by‑products and recycled materials for virgin materials include reducing emissions from manufacturing virgin materials and localised impacts associated with extracting and disposing of the materials (ARRB 2022, p. 14; Chen et al. 2024, pp. 9–10). In addition, some materials and applications have performance benefits compared to virgin counterparts, which contributes to larger end‑user markets for these materials. For instance, crumb rubber increases the resistance of road surfaces, and crushed recycled concrete can have superior performance compared to virgin alternatives used in hardstand applications (Infrastructure Australia 2022, p. 52; Sustainability Victoria 2014, p. 3). Fly ash is used as a supplementary cementitious material,[footnoteRef:30] and improves the performance and quality of concrete while also reducing water demand (Cement Australia 2024). [30:  ‘Supplementary cementitious materials’ are substances that are added to concrete to partially supplement cement, are typically certain waste or by-products and are often used due to desirable properties.] 

Low‑carbon materials in building construction
Substituting highly emissions‑intensive construction materials with low‑carbon alternatives could help reduce overall carbon emissions associated with the built environment. For example, the production of wood for construction generally results in lower emissions than the production of steel framing or concrete (Hawkins et al. 2021, pp. 93–96; Huang, Xing and Rameezdeen 2023, p. 9). Inquiry participants identified the use of low‑carbon materials like cross‑laminated timber – a type of engineered strong wood product – as an emerging opportunity in the built environment (Australian Institute of Architects, sub. 117, p. 12; Circular Australia, sub. 126, p. 9).
Use of less emissions‑intensive materials such as wood is widespread in Australia’s construction sector. In most states builders predominantly use structural timber framing in walls for detached residential housing rather than structural steel, concrete or double brick (Kempton, Boehme and Amirghasemi 2024, p. 4).
For non‑residential and multi‑unit residential construction, structural steel and reinforced concrete has traditionally been used. However, there has been growing innovation and interest in the use of mass (or cross‑laminated) timber in high‑rise multi‑residential and commercial construction as a substitute for structural steel and concrete (Karacabeyli and Gagnon 2019, p. 8; Kremer and Symmons 2015). The Australian Institute of Architects noted that low‑carbon materials like cross‑laminated timber are ‘commonly used for clients seeking to lower their portfolio GHG emissions and achieve high Green Star as‑built ratings’ (sub. 117, p. 12). There are multiple instances in Australia of the use of mass timber in newer high‑rise apartments and office buildings, namely the 15‑storey ‘T3’ office building by Hines Australia and the 10‑storey residential ‘Forte Living’ building by Lendlease (Hines 2023; Wood Solutions 2024a).
Prefabrication for residential and non‑residential buildings 
Prefabricated construction involves manufacturing standardised components in a factory and then transporting them to construction sites for assembly. In some cases, manufacturers preassemble components within‑factory, and transport completed units for installation. These can range from two‑dimensional systems, such as wall panels, to three‑dimensional (also known as ‘modular’) systems, such as bathroom pods, whole rooms or whole houses (HIA and AMGC 2022, p. 4; McKinsey & Company 2019, pp. 7–10).
[bookmark: _Hlk185335353]Prefabricated construction techniques can significantly reduce the build time compared to standard building techniques (albeit sometimes at a cost premium, discussed in section 4.3). For example, Xian Li et al. noted that developers delivered Australia’s tallest prefabricated tower at the time – the La Trobe Tower in Melbourne – around 30% faster than comparable projects using standard methods (2017, p. 7). Other reports estimate that prefabricated construction techniques can result in 20–50% quicker completion times compared to traditional onsite construction (McKinsey & Company 2019, p. 10; Modscape 2024). This was corroborated by some inquiry participants (APCC, sub. 74, p. 3; Coreo, sub. 104, p. 5).
Environmental benefits of prefabricated construction techniques include reduced material use and waste (DCCEEW 2024b, p. 20; Ai Group, sub. 160, pp. 3-4; BCSDA, sub. 175, p. 10). One study found that prefabrication can lower waste (by weight) by up to 83% compared to conventional building methods (Loizou et al. 2021, p. 17). In addition, using prefabricated and modular construction techniques has a lower emissions profile than using traditional building techniques, as prefabrication typically uses less concrete and other carbon‑intensive materials. One review of existing studies estimated a 15.6% embodied emissions reduction on average from using prefabricated construction techniques (Teng et al. 2018, p. 8). However, the extent of carbon benefits vary by a variety of factors, including building size, materials used, and level of prefabrication (Chen et al. 2022).
Modular construction techniques are also promoted due to their ability to facilitate other circular practices such as disassembly and reuse, where modular systems and panels can be reused as rooms, walls and floors (Yan et al. 2022, p. 2), or repaired and replaced, without requiring full demolition. The Housing Industry Association noted that prefabricated and modular construction can enhance builders’ ability to manage waste because the waste materials generated in factory tend to be cleaner and easier to monitor and control than onsite waste materials. They also noted that prefabricated and modular construction can foster innovation in design and construction techniques, and in recent years, have made it easier for builders to comply with energy efficiency regulations (pers. comm., 5 February 2025).
Prefabricated construction techniques – particularly three‑dimensional systems – are not commonly used in Australia. Around 5% of new houses in Australia are constructed using prefabrication practices (prefabAUS 2024, p. 24). While this figure is similar to the percentage of new dwellings that use prefabricated construction practices in the United States of America and the United Kingdom (about 3–7%), it is below the two largest adopters in the world, Japan (14%) and Sweden (80%[footnoteRef:31]) (JPCSMA 2018; Steinhardt and Manley 2016, pp. 128–130). One study suggested that higher uptake in these countries is partly because costs to onsite construction are larger in Sweden due to short daylight hours and cold weather, and in Japan prefabricated construction is partly demanded for earthquake resilience (McKinsey & Company 2019, pp. 17–18). However, there has been increased use of prefabricated and modular construction in Australia for disaster relief housing, public and affordable housing, as well as regional and remote housing (DCMC 2024; Miles, Dick and Scanlon 2024; Minns, Jackson and Scully 2024; NSWPW 2022). [31:  The Swedish rate is the share of detached residential houses that use prefabrication techniques. This does not include multi-residential housing.] 

Refurbishing and repairing instead of demolishing buildings
Refurbishing and repairing built structures (such as apartments) rather than demolishing them delays the need to extract materials for new structures (GBCA and GISA 2023, p. 28). Reduced material use can, in turn, lower emissions associated with processing material and waste.
Renovation and repair of existing buildings is an established practice in Australia. In 2023‑24, renovations accounted for 40% of all spending on residential construction (KPMG Australia 2024). About $13.2 billion was spent on alterations and additions to residential housing (including conversions) in 2023‑24 (based on ABS 2024b). While over 100,000 residential buildings were approved to be demolished in Australia from 2016–2021 (ABS 2021b), only some of these may be suitable for repair or refurbishment. Demolition often occurs when the quality of the building is too costly to repair or refurbish compared to the cost and value of a redevelopment, or there is genuine hazard to human health (Baker, Moncaster and Al-Tabbaa 2017, p. 145). The total stock of buildings demolished each year therefore likely overestimates what can be refurbished.
0. [bookmark: _Toc190959796][bookmark: _Toc191395528]Policy interventions to address barriers to circularity
Existing government measures to encourage circularity in the built environment
The Australian, state and territory, and local governments have already introduced several types of measures to encourage circularity in the built environment. These include sustainable procurement policies for public infrastructure projects,[footnoteRef:32] education and guidance on circular design, and funding research on circular opportunities (table 4.2). [32:  While these policies can improve sustainability, some participants noted in consultations that additional requirements in government procurement processes leads to increased administrative burden and complexity as suppliers have to adopt and demonstrate changes, and potentially increases the costs of goods and services purchased by governments.] 

Adjacent policies and regulations, such as regulated waste levies, also provide incentives for circular activities. Landfill levies in all states and territories are weight‑based, meaning builders and construction companies have an incentive to reduce the amount of heavy construction materials they create. The NSW EPA observed that levies have encouraged a high recycling rate for C&D waste materials and have generally been responsive to increases in levy costs, driving growth in alternative destinations to landfill such as use in recycled products (2024e, p. 7).
Table 4.2 – Government measures to support circularity
	Measure
	Description
	Examples 

	Sustainable procurement policies for public infrastructure 
	Directly incentivise sustainable building practices (such as use of recycled materials) through preferential treatment in public tenders. Increase broader industry and consumer confidence in sustainable building practices.
	Australian Government’s sustainable public procurement policy
Victorian Government’s ‘Recycled First’ policy
(recycled materials for major state infrastructure projects) 
Western Australia’s Roads to Reuse plan, and Transport Sustainable Infrastructure Policy
Southern Sydney Regional Organisation of Councils ‘Paving the Way’ (procuring recycled crushed glass for use in road asphalt)
NSW Decarbonising Infrastructure Delivery Policy, and Protection of the Environment Policy
(reducing upfront emissions in infrastructure delivery).

	Education and guidance on circular design
	Information to help builders, developers, communities and local governments understand opportunities and navigate regulatory issues related to circular designs and prefabricated construction.
	Australian Building Codes Board handbook for prefabricated, modular and offsite construction 
NSW Treasury circular design guidelines (provides a high‑level overview of circular design considerations and case studies in‑use)
Victorian Government Prefabricated Construction Directory
Green Industries South Australia circular procurement knowledge hub (tools, guides, case studies, training).

	Funding research on circular opportunities
	Funding for research into more sustainable design and construction practices and new building processes. 
	Australian Government co‑funded Building 4.0 Cooperative Research Centre in 2020 


Sources: ABCB (2024); Building 4.0 CRC (2020); DCCEEW (2024h); Department of Transport (2024b); Hutchins (2024); NSW Treasury (2023); SSROC, sub. 26, p. 3; Victorian Government (2020); Waste Authority WA (2019).
Barriers to circularity and potential areas for government action
In Australia, greater use of recycled materials in infrastructure construction and prefabricated construction techniques are priority circular economy opportunities in the built environment. Both of these circular economy opportunities have scope for greater uptake and the potential to significantly reduce the amount of virgin materials used during construction (section 4.2). As outlined below, there are also potentially unnecessary regulatory and other barriers to their adoption that could be addressed with government action.
Standards and specifications for public infrastructure projects
In Australia, businesses providing goods or services for public infrastructure projects (such as roads) must meet certain standards and specifications set out by the procuring government agency (such as a state road authority). Some of these specifications reflect mandatory standards from the National Construction Code (NCC) or voluntary Australian standards. Government procurement agencies may also set additional specifications around types, uses and amounts of allowable recycled content for public infrastructure applications.
Participants have suggested that some standards and specifications for infrastructure projects unnecessarily restrict the use of recycled materials.[footnoteRef:33] The Business Council for Sustainable Development Australia suggested that some state road authorities apply ‘conservative specifications that limit the use of recycled aggregates and plastics in road construction’ (sub. 175, p. 24). Polar Enviro, which manufactures low carbon and recycled products for roads, noted that prescriptive Australian standards and state specifications inhibit uptake of circular alternatives (sub. 29, p. 14). In particular, the CCAA noted that the Australian standard related to general purpose and blended cements (AS3972‑2010) needed to be updated to support greater use of supplementary cementitious materials in concrete (sub. 55, p. 16).  [33:  For example, see APCC (sub. 74, p. 3); BCSDA (sub. 175, p. 24); CCAA (sub. 55, p. 16); Infrastructure Victoria (sub. 28, p. 3,6); Polar Enviro (sub. 29, p. 14).] 

Different specifications and standards across states increases compliance costs for companies with national operations that use recycled materials. This was also noted by various inquiry participants.[footnoteRef:34] The Cement Industry Federation recommended that steps be taken to ‘identify, remove and avoid regulatory duplication’ across all levels of government (sub. 103, p. 13). Similarly, the Australasian Procurement and Construction Council noted inconsistent regulations across governments pose challenges to using recycled materials in construction (sub. 74, p. 3). Infrastructure Australia has also said more action should be taken to develop, update and harmonise performance‑based specifications, standards and guidance for use of recycled materials in roads (2022, p. 48).  [34:  For example, see ACOR (sub. 75, p. 28); Australasian Railway Association (sub. 97, p. 6); APCC (sub. 74, p. 3); CCAA (sub. 55, p. 1,15); CIF (sub. 103, p. 13); Engineers Australia (sub. 108, p. 3).] 

Standards Australia, in collaboration with the Australian Council of Recycling (ACOR), has previously identified substantial inconsistencies in recycled content specifications set by state government agencies when commissioning road projects. They noted instances where states referred to the same Australian standards but still arrived at notably different recycled content limits in their procurement specifications. For example, New South Wales’s specification for allowable recycled crush glass as granular base and subbase in road pavement is 10%, whereas in Victoria it is 5‑10% for granular base and 15‑50% for granular subbase (Standards Australia and ACOR 2023, p. 25; TfNSW 2020, p. 17; VIC DTP 2023b, p. 6). This is despite both referring to the same Australian standard (AS1289) in their respective documentation. Standards Australia and ACOR recommended that the Australian Government and industry experts collaborate to modify and/or create new performance‑based standards that harmonise inconsistencies and reduce uncertainty (Standards Australia and ACOR 2023, p. 27). To the PC’s knowledge, while there has been some reform targeting these objectives there is still more scope to progress these recommendations.
Before removing prescriptive standards and increasing consistency across jurisdictions, it is important to understand the reasons for current settings. Performance‑based standards and/or greater harmonisation may have drawbacks that warrant consideration for policy makers.
Moving to performance‑based standards from prescriptive standards could make it more difficult for some smaller contractors to follow specifications and shift perceived risks from the public agency to the contractor (Thomson 2014, p. 447). Strong quality control and assurance procedures must also be in place to ensure safety and adherence (Hooton and Bickley 2012, p. 1101). However, performance‑based standards may have longer‑term dynamic benefits by enabling innovative suppliers to meet requirements in flexible and new ways, leading to the development of improved methods that can then be diffused across the market (Hooton and Bickley 2012, p. 1097).
Greater regulatory harmonisation could limit jurisdictions’ ability to have different settings based on local characteristics and preferences, such as to account for differences in climatic conditions. Additional targeted policy tools could help to overcome this drawback, such as the adoption of optional or location‑specific clauses for when certain jurisdictions have localised requirements (Austroads 2021), that still allow for more consistency in areas without specific requirements.
The PC is seeking further information to better understand where there is scope to replace prescriptive specifications with performance‑based standards and/or harmonise standards across jurisdictions. The PC is also interested in the extent to which these changes would affect demand for recycled materials and result in net benefits to the community, economic growth and productivity.
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	Reform direction 4.1
Enabling fit‑for‑purpose use of recycled materials in public projects

	The PC is considering ways governments can reduce unnecessary regulatory barriers to using fit‑for‑purpose recycled inputs in public infrastructure projects (such as roads). Options could include modifying or harmonising existing standards and specifications and developing new standards. 
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	Information request 4.1
Enabling fit‑for‑purpose use of recycled materials in public projects

	The PC is seeking information on:
prescriptive versus performance‑based standards:
specific examples where prescriptive standards or specifications for infrastructure construction significantly inhibit the use of recycled materials
what other benefits or objectives these prescriptive standards are intended to achieve (for example, public safety, or to enable clarity for smaller businesses)
ways that various levels of governments could facilitate greater use of performance‑based standards
challenges, costs and benefits, and implementation issues that need to be considered if moving from prescriptive to performance‑based standards (for example, monitoring and enforcement)
harmonisation of standards:
key areas where there is scope to harmonise standards and specifications across states or territories and increase the use of recycled materials
specific implications (costs, benefits, risks) of harmonisation (for example, due to lack of flexibility to reflect local conditions), and whether or how they could be overcome.

	


Coordination issues in public procurement 
In some cases, opportunities to use recycled material in public infrastructure projects go unrealised because recycled material suppliers, builders, and government procurement agencies are unable to coordinate with each other.
One obstacle to coordination appears to be that recycled material suppliers, builders or procurement agencies lack reliable information or awareness about fit‑for‑purpose applications for recycled materials in infrastructure projects. Consequently, procurement agencies or builders may perceive using recycled materials as too risky, or recycled material suppliers may not tender their services. ACOR noted that ‘despite some procurement policies that prioritise recycled materials, there remain persistent and significant barriers to uptake, including … willingness within the supply chain to embrace change’ (sub. 75, p. 27).
Another potential obstacle is the time and costs that builders and suppliers of recycled materials incur in navigating procurement policy requirements. One inquiry participant noted that national businesses must contend with a patchwork of different procurement policies for each state and the Australian Government.
Some inquiry participants suggested that government‑funded delivery initiatives could help both suppliers of recycled materials and public infrastructure contractors to navigate sustainable procurement policy requirements and identify win‑win opportunities. In particular, participants noted Victoria’s ecologiQ program – a delivery mechanism for the state’s ‘Recycled First’ procurement policy – which promotes engagement and information sharing between government and industry, and builds decision makers’ confidence in using recycled materials (VIC DTP 2023a) (box 4.1).[footnoteRef:35] The Circular Economy Ministerial Advisory Group’s final report also highlighted that ecologiQ helps to ‘coordinate efforts between industry and government’ for sustainable procurement, and provides ‘guidance, support and resources’ to project teams and suppliers (DCCEEW 2024d, p. 41). [35:  ACOR (sub. 75, p. 27); Arup (sub. 52 p. 6); Australasian Railway Association (sub. 97, p. 5-6); CCAA (sub. 55, p. 6); ICLEI (sub. 45, p. 3); WWF (sub. 44, p. 4).] 


	Box 4.1 – Victoria’s ecologiQ program

	In 2020, the Victorian Government initiated the Recycled First Policy, a public procurement policy mandating the use of recycled and reused materials in major transport projects. It requires bidders to demonstrate how they will optimise usage of recycled materials within allowable specifications and standards (VIC DTP 2024c). As part of this, ecologiQ was developed to support this policy. ecologiQ is a program designed to connect infrastructure projects to recycled materials, encourage innovation in use of recycled materials for construction and support markets for recycled materials. Under the ecologiQ program, over 3.4 million tonnes of recycled materials have been delivered.
In doing so, ecologiQ states that it works to:
change the approach to technical standards and specifications
optimise the use of recycled materials
pursue market development opportunities for emerging materials (VIC DTP 2023a).
ecologiQ also provides publicly available information such as recycled materials reference guides, intended to be used by designers and contractors during the planning, pre‑tender, and construction stages for infrastructure (VIC DTP 2024a; CCAA, sub. 55, p. 11).
Participants to the inquiry predominantly noted that ecologiQ plays a coordination role, connecting suppliers of recycled materials to companies working on major infrastructure, and supporting companies to use these materials (WWF, sub. 44, p. 4; Australasian Railway Assocation, sub. 97, p. 5; ACOR, sub. 75, p. 29). Participants also noted that ecologiQ effectively considers fit‑for‑purpose use of recycled materials. That is, ecologiQ considers which recycled materials make economic sense in which location, and for what purpose. This consideration is particularly important for recycled materials in construction due to transport costs and distance of materials to market affecting the viability of certain materials by geographical area (CCAA, sub. 55, pp. 6,16).
In general, inquiry participants indicated that ecologiQ is an effective delivery agent for recycled materials procurement policies, acting to support coordination, temper industry concerns and provide information to government and industry. For example, the Australasian Railway Society noted that ecologiQ has been ‘immeasurably helpful’ in supporting suppliers and users of recycled materials and ‘helps overcome some of the hurdles associated with unknown demand levels’ (sub. 97, p. 5). Similarly, the Australian Council of Recycling noted that the ecologiQ program has been ‘critical to building capability and confidence in procurement of sustainable and recycled materials’ (sub. 75, p. 29).


Setting up delivery mechanisms such as ecologiQ also involves costs to governments. During consultations, one participant from a state government noted that while these initiatives are effective, they can require substantial funding despite their relatively narrow remit.
The PC is considering the extent to which introducing or expanding delivery mechanisms around public procurement policies to facilitate coordination between suppliers, contractors and government agencies would lead to net benefits for the community and improve productivity. The PC is seeking further information to better understand the feasibility, benefits and costs of government‑funded public procurement coordination initiatives.
For example, a coordination initiative may help:
connect suppliers of recycled materials (for example, recyclers) with users of recycled materials (for example, contractors engaging in the public procurement process)
provide general guidance, support and industry showcases on how to use recycled materials, and for what purpose
provide specific guidance on what recycled materials are most fit‑for‑purpose for a specific project, keeping in mind cost and logistical considerations (such as geographical location and availability).
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	Reform direction 4.2
Coordination mechanisms to enhance the benefits of sustainable procurement policies

	The PC is exploring the potential for governments to introduce or expand delivery mechanisms around sustainable public procurement policies to facilitate coordination between suppliers, contractors and government agencies. This could include publishing information or connecting suppliers and users of recycled materials, as in Victoria’s ecologiQ program.
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	Information request 4.2
Coordination mechanisms to enhance the benefits of sustainable procurement policies

	The PC is seeking information on: 
the benefits and costs associated with introducing or expanding government‑led coordination initiatives to support public procurement policies in different jurisdictions
how further government efforts to facilitate coordination between suppliers, contractors and government agencies could be implemented to maximise net benefits to the community
specific ways that coordination could assist suppliers of recycled materials to navigate sustainable procurement policy requirements and help government procurement agencies and suppliers identify win‑win opportunities.

	


Regulatory barriers to prefabricated construction
Several factors discourage construction companies, builders and their clients from choosing prefabricated and modular construction techniques. 
High production costs can make prefabricated housing uncompetitive relative to conventional builds. Inquiry participants noted in consultations that prefabricated techniques have large, fixed costs, so manufacturers require large, guaranteed orders for per unit costs to be economically viable.
Additional regulatory burdens associated with working around building regulations that were developed with conventional building techniques in mind. Under national building codes, standards and approval processes, builders using modular construction techniques need to demonstrate compliance in a case‑by‑case manner, using performance‑based tests. And building product conformity regulations require proponents to test each individual component rather than testing the assembled product. Consequently, a single modular product can require multiple tests (HIA and AMGC 2022, pp. 35–43).
Difficulties securing finance and insurance for both construction companies and customers purchasing a modular home. Lending arrangements are suited to traditional onsite construction where payments to the builder occur when stages of progress are met (HIA and AMGC 2022, pp. 27, 47). More circular alternative construction methods – including modular design or reusing materials – are seen to have a different risk profile by business lenders and insurers, posing difficulties for construction businesses or assessors in accessing finance or professional indemnity insurance (Engineers Australia, sub. 108, p. 3). 
In 2022, the Housing Industry Association recommended a suite of measures to make regulatory arrangements more suitable for prefabricated and modular construction. These included:
addressing local government planning requirements and design codes that stymie prefabricated construction
establishing pathways for easier national regulatory compliance
reviewing national construction product conformity frameworks
establishing a certification scheme for prefabricated and modular construction (HIA and AMGC 2022, p. iv).
Recent government commitments are positioned to partially address these recommendations. In March 2024, the Building Ministers Meeting committed to improving regulatory certainty in the construction sector. As part of this, the Australian Building Codes Board (ABCB) released guidance clarifying pathways for prefabricated and modular construction to attain NCC compliance (ABCB 2024). They also stated that the ABCB will be conducting a review of regulatory improvements for prefabricated and modular construction (DISR 2024b).
In November 2024, the Australian Government announced that states and territories will be eligible for funding from the $900 million Australian Productivity Fund in return for ‘levelling the regulatory playing field for modern methods of construction and simplifying the certification process’ (Chalmers 2024). Separately, in November, the Australian Government announced that it would fund a ‘Voluntary Certification Scheme’ to simplify the process for approving prefabricating housing under the NCC, and that banks, superannuation funds and other institutional investors would work with industry to address barriers to financing prefabricated housing at scale (Chalmers and Husic 2024). 
These initiatives indicate that some of the existing regulatory barriers to prefabricated construction will be addressed. Despite this, the Housing Industry Association (pers. comm., 5 February 2025), noted that while there has been increasing government interest in identifying and seeking to address barriers to prefabricated construction, more progress is needed to support increased industry activity.
In this context, the PC is seeking further information on the extent the announced measures will address key barriers to prefabricated and modular construction, and specific regulatory changes (including recommendations from previous reviews that remain relevant) that would have the largest effect on uptake, economic capability and productivity. The PC is interested in the benefits and costs to the community associated with any proposed changes, recognising that while regulatory arrangements can act as barriers to certain activities, they can also be necessary for public safety and to prevent undesirable outcomes.

	[image: ]
	Reform direction 4.3
Reducing unnecessary regulatory barriers to prefabricated construction

	The PC is considering a reform direction to further address regulatory barriers to prefabricated construction (noting that governments are currently implementing several initiatives to address these barriers). This may relate to:
addressing planning requirements and design codes that stymie prefabricated construction
establishing fit‑for‑purpose compliance pathways in the national compliance framework
establishing new processes and schemes for national building product conformity. 
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	Information request 4.3
Reducing unnecessary regulatory barriers to prefabricated construction

	The PC is seeking further information on the regulatory barriers to prefabricated construction, including:
the extent to which recently announced measures by the Australian Government (the Australian Productivity Fund and the Voluntary Certification Scheme) will address key barriers to prefabricated and modular construction
how these initiatives could be implemented to maximise the net benefits to the community 
specific regulatory changes (including recommendations from previous reviews that remain relevant) that would have the largest effect on uptake of prefabricated and modular construction, and:
the magnitude of the environmental, economic and social benefits associated with these changes, and measures and metrics that may quantify this
costs associated with the changes, including resources required for implementation, compliance and enforcement, and potential impacts on the environment associated with different regulations
how regulatory changes could be implemented to maximise the net benefits to the community.

	


Other potential circular opportunities in the built environment 
While the PC has identified greater use of recycled materials in infrastructure construction, and prefabricated construction techniques, as the priority opportunities for circularity in the built environment (discussed above), it is also seeking further information to better understand the potential importance of other built environment opportunities. These include the scope for greater adoption of designing for disassembly, best practice infrastructure investment, and integrated urban planning in ways that increase materials efficiency and result in improved productivity, economic growth, and environmental benefits to the community.
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	Information request 4.4
Other circular economy opportunities in the built environment

	The PC is seeking the following information on government assessment of public infrastructure projects, and integrated planning: 
any examples of infrastructure investment decisions proceeding without adequate integrated planning or assessment, which have led to significant unnecessary materials use and waste that may otherwise have been avoided
the extent to which – and ways in which – improving assessment of public infrastructure projects could reduce materials use and waste, including quantitative analysis of costs and benefits (where available)
barriers preventing further adoption of integrated urban planning, which governments could address.
The PC is seeking the following information on designing for disassembly in the built environment:
expected growth in design for disassembly for different types of structures in Australia, in the absence of any further government activity
barriers preventing further adoption of design for disassembly in Australia, which governments could address.
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	Key points
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	Producing, manufacturing, distributing and consuming food involves large amounts of materials and generates waste. 
Food production, packaging and distribution in Australia uses 215 million tonnes of raw materials annually. 
Australian businesses and households produce about 7.6 million tonnes of food waste each year. 
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	Circular economy opportunities exist at all stages of the food life cycle.
Sustainable agricultural practices can reduce materials use, alleviate pressures of food production on land and water resources, and support long‑term land productivity. 
Sustainable packaging for food manufacturing reduces emissions and pollutants entering the environment.
Food relief, alternative markets for surplus food, and enhanced logistics and storage can help reduce emissions from food waste. Food relief can also help to address aspects of food insecurity. 
Higher‑value uses of food and agriculture waste streams (such as bioenergy, biochar and natural fertilisers) can reduce emissions and improve soil health. 
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	Several initiatives are already underway to reduce food waste throughout the food life cycle. 
Recent government measures targeting household consumption habits, supermarket demand forecasting and fresh produce standards suggest limited benefits from further policy intervention in these areas.
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	The Productivity Commission is considering policy reform and seeking further information about overcoming barriers to food donation and relief. 
Farmers and retailers produce 2.2 million tonnes of food waste each year, a large portion of which could be diverted to people in need to address aspects of food insecurity. 
Transport costs and capacity constraints are strong barriers to primary producers donating edible food to food relief charities, as these costs can be avoided by disposing of food on farms.
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	The PC is considering reform directions and seeking further information about higher‑value uses of organic waste (for example, bioenergy, biochar or natural fertiliser). 
Converting food and agricultural waste streams into products such as bioenergy, biochar and natural fertiliser can reduce emissions and contamination of aquatic ecosystems, and generate income.
Some regulations may be impeding the productive use of organic waste streams, such as waste classification regulations and carbon reporting methodologies.
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Food production and consumption in Australia
The food product life cycle spans primary production, manufacturing, distribution and retail, consumption and disposal. Primary production of food includes broadacre cropping, horticulture, fisheries and aquaculture, livestock grazing, and intensive livestock farming (and excludes forestry). Primary production occurs in different types of systems, such as irrigated agriculture, rainfed or dryland systems, and can be operated by commercial operations or small land holders. Food manufacturing refers to processing and packaging foods such as into meat, bakery, dairy, confectionary, processed fruit and vegetable, and seafood products.
Food is an important part of the Australian economy. In the 2022‑23 financial year, Australia’s primary and manufactured food sectors[footnoteRef:36] produced about $280 billion in output, or about 3% of GDP (ABS 2023a, 2024d), and exported goods worth about $49 billion, or 12% of total exports (Observatory of Economic Complexity 2022). This represented just under half of total food sector economic output, which accounts for approximately 6% of GDP (ABS 2023a, 2024d).[footnoteRef:37] In the same time period, about 662,000 people, or 5% of the Australian workforce, were employed in the primary and manufactured food sectors (ABS 2023a, 2024g). In 2022, 98% of Australian food and agribusinesses were small or medium enterprises (with fewer than 200 employees), and 70% were non‑employing operations including many family businesses (FIAL 2024, p. 13). [36:  The primary and manufactured food sector is comprised of the agriculture, aquaculture, fishing, hunting and trapping, agriculture, forestry, fishing and support services, food manufacturing, and beverage and tobacco manufacturing subsectors.]  [37:  The food sector is comprised of primary and manufactured food sector and the grocery, liquor and tobacco product wholesaling, food retailing and food and beverage services subsectors.] 

Food distribution involves collecting produce from farms and food processors, storing them in warehouses, and then transporting them to retail and wholesale customers, including supermarkets, chain restaurants, and food service providers. In Australia, large food retailers have their own distribution systems with significant warehouses, technology and inventory in most states and territories (ACCC 2024, p. 179). In 2022, food retail sales in Australia were worth about $160 billion (ABS 2024i).
Food consumed can be home‑made or prepared by food service providers (for example, restaurants or caterers for hospitals, schools, prisons). About a third of household food expenditure in Australia each year is spent on food service providers (Cameron et al. 2022, p. 77). 85% of household food expenditure is on food produced in Australia (Hogan 2018, p. 8).
Food waste and disposal occurs at all stages of the food product life cycle, including production, distribution, retail and consumption (figure 5.1). Food waste includes both edible waste (food produced for human consumption but disposed of without consumption) and inedible food waste (such as seeds, bones, skins and peels) (DEE 2017, p. 8). Food Innovation Australia Limited (2021, p. 18) estimated Australians waste 7.6 million tonnes of food each year across the food supply chain, costing the economy $37 billion annually. The biggest contributor to food waste is households (32% or 2.5 million tonnes), who account for more food waste than primary producers (22%), manufacturers (17%), food distributors (3%), retailers (7%), hospitality services (16%) and institutions (3%) (based on FIAL 2021, p. 12). Approximately 70% of Australia’s food waste is edible food (FIAL 2021, p. 14).
Figure 5.1 – Food waste in the food product life cyclea
[image: The figure shows the proportion of total food waste produced at each stage of the food product life cycle. Each stage of the life cycle is represented by an icon and has an arrow pointing down to a label with the proportion of total waste produced at that stage. The width of the arrows are also scaled to the proportion of food waste produced at that stage: primary production 22%, manufacturing 17%, distribution 3%, retail 7%, and consumption is split into food service 19% and households 32%. Below the arrows is a box showing the total amount of food waste produced in Australia at 7.7 million tonnes.]
a. Food service includes hospitality venues, such as restaurants and cafes, and institutions, such as schools and prisons.
Source: Productivity Commission estimates, based on FIAL (2021, p. 12).
Supplying food to Australians requires a significant volume of materials, particularly biomass (organic materials from plants and animals such as seeds, fertilisers and timber). The CSIRO estimates that the Australian food provision system uses 215 megatonnes of materials each year, with biomass as the leading material type. This makes the food provision system the third largest materials user by weight behind only housing and mobility, accounting for 22% of materials used in Australia (Miatto et al. 2024a, p. 19).[footnoteRef:38] [38:  The International Resource Panel’s Sustainable Consumption and Production Hotspot Analysis Tool estimates materials use for food to be approximately 178 megatonnes (UNEP 2023a), but incorporates different subsectors into the ‘Nutrition’ and ‘Agriculture’ sectors.] 

Environmental impacts of food production and waste
Besides using a range of materials, food production also relies on natural resources, including land and water. Approximately half of Australia’s land area is used for agricultural production (Williams et al. 2021, p. 72), and the agriculture, forestry and fishing industry accounts for the majority of Australia’s water consumption (ABS 2023b). 
Farmers have adopted practices that better manage the environmental quality and productive capacity of agricultural landscapes, including a systems approach through Natural Resource Management championed by the national Landcare movement. This has been supported by other agricultural industry and government initiatives, such as investment in research and innovation (table 5.1) (DCCEEW 2025d; EY 2021, p. 15). Agricultural industries, governments and researchers are also increasingly interested in how the quality of on‑farm and landscape‑scale natural capital impacts economic productivity, and the potential benefits for farmers from protecting the land’s natural capital and biodiversity. This is evident in the results of innovative projects such as Farming for the Future (Ogilvy et al. 2024, p. 85) and biodiversity stewardship pilot programs (Lansdell et al. 2023, p. 32).
However, Australian landscapes have been significantly modified since colonisation, and environmental quality and agricultural land productivity continues to decline in some areas (Williams et al. 2021, p. 107). Agricultural practices vary considerably and some continue to result in negative environmental impacts, such as overgrazing leading to biodiversity loss and affecting soil structure, water infiltration and nutrient cycling (Murphy and van Leeuwen 2021, p. 85). Prolonged fertiliser and pesticide use, where not well managed, can increase soil acidity, reduce the availability of plant nutrients and harm soil organisms and useful bacteria (Agriculture Victoria 2024). Runoff from fields treated with fertilisers and pesticides can also pollute nearby water rivers, leading to eutrophication, which threatens human health (Juncal et al. 2023, p. 3). 
Some types of food production, such as dairy, cattle and crop production, are emissions intensive. Agriculture contributes more than half of Australia’s total methane emissions each year (DCCEEW 2024o), with methane burped by cattle accounting for more than half of these agricultural emissions (CCA 2023a, p. 9). The food sector[footnoteRef:39] collectively contributed 7% of Australia’s direct (scope 1) emissions in 2022 (DCCEEW 2022c). Separately, food waste contributes to emissions as it decomposes, with production and disposal of wasted food emitting about 17.5 million tonnes of carbon dioxide equivalent emissions annually in Australia, or approximately 4% of Australia’s total direct (scope 1) emissions (FIAL 2021, p. 18). [39:  This includes direct emissions from the agriculture, aquaculture, fishing, hunting and trapping, agriculture forestry and fishing support services, and food, beverage and tobacco manufacturing subsectors. In addition, emissions also arise from the distribution of food: globally, 19% of all food system emissions are from transporting food products by road, rail, air and sea. However, Australia’s emissions from transporting food is lower than other large landmass countries, such as Brazil, China, Russia, Canada and the United States of America (Li et al. 2022, pp. 449, 450).] 

Food and beverage manufacturing (including packaging) can use chemicals and plastics, which can pollute land and waterways and negatively affect human health and ecosystems. For example, food packaging often contains microplastics (plastic fragments less than five millimetres) that can enter the environment during manufacturing, use, recycling or disposal (Jadhav et al. 2021, pp. 2, 3; Ncube et al. 2020, p. 2; Suzuki et al. 2022, p. 8). Microplastics can pollute oceans, and cause adverse health effects in sea life and humans when consumed (Issac and Kandasubramanian 2021, p. 2). 
[bookmark: _Toc190959799][bookmark: _Toc191395531]Opportunities for greater circularity in food and agriculture
To understand the applicability of specific circular economy opportunities in food and agriculture to Australia, the Productivity Commission considered the current uptake of circular economy activities, and the current and projected size of the relevant market sectors (chapter 3). The PC identified several areas where Australia could adopt further circular economy activities that either reduce food waste, reduce the negative effects of materials use (such as packaging), or realise higher value uses for food and agriculture waste. 
Primary production
Greater adoption of agriculture practices that reduce materials inputs
Sustainable agriculture and food sourcing is not a new practice. Aboriginal and Torres Strait Islander people have drawn on knowledges, laws and customs to sustain the health of Country for more than 60,000 years. Cultural rules and practices relating to, for example, regenerative fish life cycles, sourcing food according to seasonal calendars, and using fire to enhance the health of land, ecosystems and people have been maintained for generations (AIATSIS 2022; Atkinson et al. 2020, p. 63; FISH 2024; Prober et al. 2013, p. 39). 
Sustainable agriculture is a holistic approach to balancing financial, environmental and social goals while considering the burdens imposed on future generations (Clune 2020, p. 495). Sustainable agriculture approaches integrate agricultural production and ecosystem management to improve environmental health, conserve water, promote animal well‑being and biodiversity, and maintain farm resilience (Velten et al. 2015, p. 7838).[footnoteRef:40] More recent regenerative agriculture approaches emphasise restoring and enhancing ecosystem function through practices designed to work with the landscape, climate, people and livestock (Orgill and Dougherty 2021, p. 3). [40:  Sustainable practices range in technological complexity from maintenance of surface coverage, low (or no) till farming (Kirkegaard et al. 2013, p. 133), windbreaks (Brunton and Badgery-Parker 2012, p. 1) and fencing waterways (WA DWER 2023, p. 3) to agroecology, sustainable intensification, precision farming, climate-smart agriculture (Muhie 2022, pp. 2, 5), recirculating aquaculture (ACWA, sub. 65, p. 1), and alternative livestock feed ingredients such as seaweed (Kinley et al. 2020, p. 8). For example, farmers in the Bega Valley region are adopting seaweed and shellfish farming practices that improve water quality and provide habitats for other marine species (Croft et al. 2024, p. 14).] 

Integrated management of productive and environmental values, such as fencing waterways and improving groundcover to reduce erosion, supports land health in ways that require less materials like fertilisers or pesticides (WA DWER 2023, p. 3). Other practices directly relate to the use of materials, such as organic fertilisers (for example manure, garden organics or food waste), which improve soil health and reduce the need for additional synthetic materials (Culas et al. 2025, pp. 6, 8). Another is precision agriculture, which involves using spatially distributed experimentation and advanced technologies to tailor land management techniques to the characteristics of the area. Correctly applied, precision agriculture techniques can reduce the environmental impacts of agriculture, and increase agricultural output (CSIRO 2021a).
Australia has over 53 million hectares of farmland under organic management, more than 55% of the global total (Willer et al. 2024, p. 257). Some sustainable agricultural techniques can help meet the challenges of food security, environmental sustainability and socioeconomic wellbeing; however, the costs of these activities can reduce their economic feasibility in the short term, limiting their uptake (Francis 2020, p. 9). 
Using biotechnology to develop more sustainable protein sources
Emerging biotechnologies (such as precision fermentation) are enabling the production of alternative proteins, bio‑based materials and sustainable food ingredients (DCCEEW 2024d, p. 91). In addition to providing economic opportunities for recovering value from food waste (discussed below) and addressing social objectives such as food security, these technologies could also help alleviate pressures on materials use and reduce emissions associated with farming traditional protein sources.
While these technologies are relatively new, the CSIRO (2024, p. 12) has suggested Australia’s climatic conditions, high volumes of organic waste and investment levels in biotechnology position Australia to lead these innovations. The alternative proteins market is relatively small, accounting for only 2% of the global protein market in 2020, but is expected to grow to between 10% and 22% by 2035 (Witte et al. 2021, p. 26).
Enhancing the reliability of food demand forecasts for farmers 
Producing food in the quantities and qualities needed to meet demand is challenging because various environmental and market factors cause domestic food supply and demand to vary from year to year. These factors include seasonal rainfall, temperatures, natural disasters, pest and disease outbreaks, the availability and price of imported foods, and export demand. In years of domestic food oversupply, farmers may resort to disposing of crops such as fresh fruit and vegetables. In 2022‑23, for example, a survey of farmers found at least 20% of almost all fruit and vegetable crops planted went to waste. Furthermore, 5% of farms reported that excess production was a primary reason for crop waste (Slatter 2024, pp. 5, 6). 
To reduce the risks of under or oversupply, farmers often use forecasts of weather and market conditions when planning production. These include informal and non‑binding demand forecasts supplied by large supermarkets (Coles Group 2024b, p. 15; The Treasury 2024b, p. 68; Woolworths Group 2024a, p. 46), which are influential in primary producers’ production decisions.
Some primary producers have suggested there is scope to improve the reliability of supermarket food demand forecasts to reduce oversupply (and associated food waste). They argued that supermarkets almost always forecast higher demand than they order (NFF Horticulture Council 2024, p. 12) because surplus food production lowers prices (Queensland Fruit & Vegetable Growers 2024, pp. 8, 9). An Independent Review lent some support to these claims, concluding that not all supermarket forecasts may currently be conducted with due diligence and in good faith (The Treasury 2024b, p. 68). 
Food manufacturing and packaging
Sustainable food packaging
Food packaging uses a significant volume of materials, particularly plastics. Circular design makes packaging easier to recycle, by limiting the use of adhesives, inks and lacquers (Veolia Australia and New Zealand, sub. 8, p. 2). It also reduces virgin materials use by using recycled content and eliminating unnecessary packaging, thereby reducing carbon emissions, as recycled plastics have a lower carbon footprint (Ganesan et al. 2022, p. 6722). The benefits of designing food packaging for recyclability can only be realised if households have, and use, opportunities to recycle that packaging, and producers are able to use recycled packaging in place of virgin materials. As a result, the benefits of this opportunity depend on product design, household behaviour and convenient access to recycling bins and recycling infrastructure.
The uptake of these opportunities is varied. The Australian Packaging Covenant Organisation estimates that 41% of plastic packaging is currently designed to be recycled, but only 6% of inputs manufacturers use to make plastic packaging are recycled materials (APCO 2024, p. 92). In 2022, almost 1.3 million tonnes of plastic packaging was placed on the Australian market, 63% of which was produced domestically (APCO 2024, p. 88). Though the exact proportion of plastic packaging for food in Australia is unknown, food packaging is a common use of many types of plastics (Schandl et al. 2020, p. 16). Barriers and potential policy responses to enable circularity in packaging are discussed in chapter 10. 
Food distribution and retailing
Finding alternative uses and markets for surplus food
Food waste during primary production and retail collectively account for 2.2 million tonnes (or 29% of total food waste) each year (based on FIAL 2021, p. 12). Some of this relates to commercial arrangements between food producers and retailers, such as the quality standards farmers must meet to sell to supermarkets. The Farm to Supermarket Waste Report (2023, pp. 5, 6) noted one of the major causes of food waste during food production and retail is the disposal of fruit, vegetable and cereal crops because they are rejected by supermarkets for non‑compliance with appearance or size standards. Up to 25% of all vegetable crops grown never leave the farm (DEE 2017, p. 6), at a net cost to primary producers of more than $150 million per year (Rogers, Ekman and Titley 2013, p. 128).
One strategy for reducing this type of waste is for retailers to work with producers to market aesthetically imperfect produce as a discounted product for budget or environmentally conscious households. This provides income for farmers and eases cost pressures on households. Examples include Harris Farm Market’s ‘Imperfect Picks’ discounted selection (Harris Farm Markets 2022; Wheeler 2021), Woolworths Group’s ‘Odd Bunch’ campaign (Woolworths Group 2024b, p. 53), and Coles Group’s ‘I’m Perfect’ campaign (Coles Group 2024a, p. 22). Uptake is contingent on household preferences and a willingness to purchase produce with unexpected size or shape. While a lack of familiarity with misshapen produce has traditionally stifled demand, increased sharing of positive beliefs in online communities has been shown to increase household acceptance of visually imperfect produce (Young et al. 2024, p. 14). Evidence from New Zealand also shows that children are more accepting of mildly misshapen or discoloured produce (Makhal et al. 2020, p. 6), which could be a foundation for changing household purchasing norms in the future. 
Another strategy to reduce food waste (both fresh and processed) is for retailers and producers to donate, or sell at heavily discounted prices, to charities or food relief organisations. This has environmental, economic and social benefits. Producers can recover compensation (either through a discounted price or, in some cases, tax deductable donation) for products that would otherwise have incurred disposal cost and released emissions while decomposing. Food relief also helps to address aspects of food insecurity, which has broader social benefits such as lower healthcare costs (Tarasuk et al. 2015, p. 432), improved community relationships (Mirosa et al. 2016, p. 3052) and improved quality of life (Russell et al. 2016, p. 54).
While these strategies have become more common, there is room for further uptake. For example, about 90% of wholesale‑retail food waste, or 500,000 tonnes, is edible (FIAL 2021, p. 14). And while all major Australian supermarkets have a charity partner to whom they donate edible waste (Lewis et al. 2017, p. 70), only 6% of retail food waste is recovered for food relief (based on FIAL 2021, p. 12). 
Technologies that reduce food spoilage during distribution 
Some stakeholders highlighted opportunities to reduce food waste during distribution, which can arise because of inadequate temperature control, damage to packaging and inefficient inventory management of food in transit (DCCEEW 2024b, p. 23; DEE 2017, p. 25). These opportunities focused on adopting emerging technology such as more efficient logistics management using blockchain technology (CSIRO 2021c), and 2‑D barcode labelling (to alert distributors when food is expiring and provide storage information) (GS1 Australia, sub. 114, p. 3). More efficient food distribution using these techniques can also bring about emissions benefits through reduced energy use for refrigeration and transport.
Adoption of these technologies to reduce waste in distribution is growing. For example, 2‑D barcode labelling is used by Woolworths for the majority of its meat products (GS1 Australia, sub. 114, p. 3), and the technology is becoming increasingly prevalent for fruit and vegetables (Dingley 2023).
The volume of food waste currently lost in transit is relatively low. In 2021, only 3% of total food waste occurred at the distribution phase, and only 34% of that waste was sent to landfill, with the remainder sent to commercial composting (based on FIAL 2021, p. 12). Consequently, even widespread uptake of these distribution technologies would be unlikely to lead to significant reductions in total food waste.
Food consumption 
More sustainable and less wasteful food consumption habits 
Encouraging and enabling households to reduce food waste through better meal planning and awareness of when food expires (OzHarvest, sub. 81, p. 7) could save households between $2,200 and $3,800 per year (DEE 2017, p. 6), in addition to the environmental benefits of reduced food waste. 
In Australia, there is considerable scope for households to improve their food waste behaviours. While 75% of households reported they were fairly or very motivated to reduce household food waste (Fight Food Waste CRC 2020, p. 23), approximately two‑thirds of household food waste is edible (FIAL 2021, p. 14), comparable to the United Kingdom, where 74% of household food waste is edible (Torode et al. 2023, p. 4). The Australian Government has set a goal to halve the country’s food waste by 2030, per United Nations Sustainable Development Goal 12.3 (DEE 2017, p. 3).
Higher value uses for food and agriculture waste streams
Australia produces a substantial volume of organic waste annually. In 2023, organic waste accounted for 19% (15 megatonnes) of all waste generated, and was the second most common type of waste (DCCEEW 2025b, p. 15). Various technologies exist to convert organic waste into valuable products, which can save disposal costs, generate income and reduce materials use.
Converting organic waste to bioenergy
Food and agricultural wastes, such as vegetable oils and tallow, can be used to produce liquid biofuels (CEFC and ARENA 2019, p. 17). Some advanced biofuels can readily replace conventional fossil‑derived fuels used in transport, reducing emissions by as much as 60–100% (CSIRO 2023b, pp. 12, 23). Australia’s current biofuel production is low, representing one‑tenth of domestic ethanol fuel production (DAFF 2022, p. 2). In 2024, Australia accounted for only 0.1% of global biofuel production (EI 2024, p. 64). However, the CSIRO (2023b, p. 40) estimates that if 40% of applicable wastes were diverted to biofuel production, biofuels could satisfy 9% of all Australian fuel demand. 
Inedible food waste and other agricultural or organic wastes can also be transformed into biogas by anaerobic digestion. Anaerobic digestion describes the breakdown of organic matter into gases (‘biogas’) in the absence of oxygen (Tait, Harris and McCabe 2021, p. 2). The breakdown can occur in large ‘digestor’ facilities, such as the Richgro Waste to Energy Plant (box 5.1). Biogases such as biomethane can replace fossil‑fuel intensive alternatives for energy production (Marconi and Rosa 2023, p. 1), which saves the carbon emissions from both decomposing organic waste and burning fossil fuels (Mahmudul et al. 2022, p. 5).

	Box 5.1 – Richgro’s anaerobic digestion plant

	Richgro’s anaerobic digestion plant, located in Jandakot, Western Australia, began operation in September 2015 as the first anaerobic digestor in Australia (Richgro 2016; Waste Management Review 2016). The plant was established for $6.6 million, including a $2.2 million loan from the Clean Energy Finance Corporation, and a combined $1.6 million of grants from the Australian and WA Governments (CEFC 2016; Waste Management Review 2016). 
The plant draws on solid and liquid food waste from food processors, breweries and fruit and vegetable producers to generate energy. As diversion of organic waste to anaerobic digestion is not subject to landfill levies, many waste service contractors are drawn to the plant as a cheaper way to dispose of organic materials and reduce environmental impacts (City of Cockburn 2022; Waste Management Review 2016). The plant does not rely on household organic waste from food organics and garden organics (FOGO) bins, and many inquiry participantsa noted that organic processing of FOGO waste was difficult due to contamination by plastics and other toxins like perfluoroalkyl and polyfluoroalkyl substances (PFAS) or asbestos.
The facility can process more than 35,000 tonnes of organic materials annually, which enables electricity production of two megawatts per year. This is enough to power the plant’s operation and, as the plant is connected to the energy grid, provide electricity to 3,000 homes. By powering its own operation, the plant saves an estimated $600,000–$800,000 per year on energy costs, and generates income from sales of surplus electricity and biofertiliser (Waste Management Review 2016).
a. Participants include: ACOR, sub. 75, p. 19; Cleanaway, sub. 112, p. 9; Hunter Joint Organisation, sub. 172, p. 13; NSW Government, sub. 139, p. 10; Swedish Australian Chamber of Commerce Sustainability Committee, sub. 94, att. 2, p. 2.

	


Australia’s biogas production is in the early stages of development, so currently has relatively low uptake. Australia has approximately 250 anaerobic digestion plants (McCabe 2022, p. 5), with a biogas output that accounts for about 0.5% of national energy production (based on DISR 2022, p. 12). Germany is a world leader with more than 10,000 anaerobic digestion plants (Kornatz et al. 2021, p. 5).
Australia’s volumes of organic waste (both food and agricultural) mean the industry has significant growth potential (Tait et al. 2021, p. 13). Agricultural waste could account for nearly 90% of all biogas production by 2050, and biogas could account for more than 6% of Australia’s total energy consumption (Kaparaju et al. 2023, pp. 19, 121). However, it is likely that at least some agricultural waste will be diverted for the production of liquid biofuels such as biodiesel and sustainable aviation fuel (as outlined above), so these theoretical maximums are unlikely to be achieved.
The potential for place‑based hubs, including shared infrastructure, to advance opportunities to recover value from organic waste was also highlighted in Australia’s Circular Economy Framework (DCCEEW 2024b, p. 23). Place‑based strategies to enable circularity are discussed in chapter 10.
Converting organic waste to biochar
Inquiry participants[footnoteRef:41] raised the potential to convert organic waste (agricultural, crop and sewerage) into biochar via pyrolysis or gasification. Agricultural waste, crop residues, animal waste, and digestate (a solid by‑product from anaerobic digestion) can all be transformed into biochar (Amalina et al. 2022, p. 1). Biochar is a carbon‑rich solid that can be used as a feed supplement or alternative fertiliser, and has been associated with improved agricultural outcomes (Man et al. 2021, pp. 191, 208). Substituting chemical fertilisers for biochar has similar environmental benefits to replacing chemical fertilisers with organic compost (discussed below). Biochar also stores the carbon of its organic inputs, avoiding the emissions that would otherwise arise as the organic waste decomposes (Singh et al. 2014, p. 739).  [41:  ANZBIG, sub. 173, p. 25; AWA, sub. 23, p. 1; Engineers Australia, sub. 108, p. 5; GlobalPSC, sub. 149, p. 24; Logan City Council, sub. 61, p. 2; qldWater, sub. 51, p. 5; RAI, sub. 100, p. 5; Tasmanian Government, sub. 180, p. 11; Water and Catchments Group, Victorian Department of Energy, Environment and Climate Action sub. 72, p. 2; WSAA, sub. 150, p. 5.] 

Although Aboriginal and Torres Strait Islander people have used biochar for thousands of years to promote soil health and crop growth, total Australian biochar production is relatively low. As of 2020, only between 10,000 and 20,000 tonnes of biochar was produced per year in Australia (ANZBIG 2023, p. 8), compared to more than 150,000 tonnes in North America (Gray et al. 2023, p. 7). 
Converting organic waste into other products
Organic waste can be used for a range of other products, including natural fertilisers and household or commercial composting, which returns organic matter to soil and reduces the need for chemical fertilisers (Blanchard et al. 2023, p. 2). Replacing chemical fertilisers with composted organic waste lowers harms to aquatic plants and animals by reducing the run‑off of nitrogen (Wei et al. 2021, p. 7), and increased use of composted organic waste has been associated with greater microbial biomass and respiration (Larsen et al. 2022, p. 8).
Over recent decades, the introduction of food organics and garden organics (FOGO) bins has increased the potential for recovering municipal organic waste. However, kerbside collection is limited to specific parts of Australia. Only 44% of local governments in Australia offered FOGO services in 2023 (based on Nestor 2023), servicing 53% of the Australian population (DCCEEW 2025b, p. 59). In 2023, 87% of South Australians had access to kerbside organic waste collection, compared to less than 20% of Queenslanders and no services offered at all to residents of the Northern Territory (based on DCCEEW 2025b, p. 87). Inquiry participants[footnoteRef:42] also noted there was greater potential to use waste from food production (such as manure) or manufacturing as materials to produce other products (such as fertilisers).  [42:  ACMF, sub. 111, p. 7; Australian Pork Ltd, sub. 69, p. 3; Hetherington, sub. 9, p. 2; Planet Ark, sub. 147, p. 9.] 

Several inquiry participants[footnoteRef:43] noted contamination of organic waste (and the cost of avoiding or removing contaminants) reduces the attractiveness of developing circular products that using organic waste. Australia’s Circular Economy Framework notes that better household waste sorting could improve the safety and quality of household organic waste for use in value recovery processes like anaerobic digestion (DCCEEW 2024b, p. 23). Inconsistent kerbside bin collection requirements, which could be contributing to contamination of waste streams, are discussed in chapter 10. [43:  ACOR, sub. 75, p. 19; Hunter Joint Organisation, sub. 172, p. 13; NSW Government, sub. 139, p. 10; Swedish Australian Chamber of Commerce Sustainability Committee, sub. 94, att. 2, p. 2.] 

[bookmark: _Toc190959800][bookmark: _Toc191395532]Policy interventions to address barriers to circularity
Existing government measures to encourage circularity in food and agriculture
All levels of government in Australia have policies that either directly or indirectly promote circular activities relating to food and agriculture. Types of government policies that encourage or support circular practices are discussed below. 
Direct financial incentives: providing grants to make circular economy activities (such as sustainable farming practices and organic resource recovery) more economically attractive.
Laws and regulations: restrictions on the types and amounts of materials (such as fertilisers) that people may use to grow or manufacture foods, as well restrictions on the types and amount of waste they may send to landfill. 
Funding for research and innovation: government investment in research and development aimed at increasing the profitability, productivity, competitiveness and sustainability of Australia’s agricultural industry (which may include circular economy activities), through bodies such as Research and Development Corporations and the CSIRO.
Funding for education programs: programs about how households and businesses can adopt circular activities, such as recycling organics, reducing food waste, more sustainable agriculture practices or opportunities to turn food and agriculture waste streams into resources (table 5.1).
Governments are also taking steps to address the environmental impacts of food and agriculture production in adjacent policy areas, including water, land management, energy efficiency and net zero emissions. For example, over the past three decades, the Australian and state and territory governments have invested in environmental protection and sustainable agriculture through the national heritage trust (DCCEEW 2025d). 
The Australian Government also facilitates the Safeguard Mechanism and Australian Carbon Credit Unit (ACCU) scheme, which requires large emitters to reduce their emissions or purchase carbon credits, and incentivises emissions reduction through recognised methods. Currently, businesses can claim ACCUs for separating organic waste at the point of generation (CER 2024c), capturing and combusting gas emitted from decomposing organic waste in landfill (CER 2024b) or using an anaerobic digester to capture methane (CER 2024a), though the latter two of these methods are under review and due to expire at the end of March 2025 (DCCEEW 2024m). State and territory governments are also consulting with industry to develop new policies for biomethane. These policies include the New South Wales renewable fuel strategy, which is expected in 2025 (NSW DCCEEW 2024, p. 5), and Victoria’s industrial renewable gas guarantee directions paper (DEECA 2024, p. 2).
Table 5.1 – Government measures that support circularity in food and agriculture
	Measure
	Description
	Examples

	Direct financial incentives
	Directly funding projects that incorporate circular economy activities such as reducing food waste, or recovering value from organics waste.
	Food Waste for Healthy Soils Program: multimillion‑dollar investments in projects that increase composting capacity of food waste, including household FOGO.
Funding for food relief organisations: all levels of government have donation arrangements with food relief organisations. 

	Laws and regulations
	Creation and enforcement of laws and regulations to encourage sustainable practices in food and agriculture sectors, including reducing materials use and food waste. 
	Food and grocery code of conducta: imposes strict penalties for supermarkets who unreasonably reject fresh produce or negligently over‑forecast requirements. 
Recognition of the value of anaerobic digestion in energy from waste regulationsb: some state and territory energy from waste policies explicitly recognise the higher value of anaerobic digestion of organic waste as opposed to other energy from waste methods, and exempt anaerobic digestion from some production caps and licensing restrictions.

	Funding for research and innovation
	Targeted research and development aimed at increasing the profitability, productivity, competitiveness and sustainability of the agricultural industry.
	Supporting the CSIRO: the Australian Government provides funding for the CSIRO to assist small businesses advance circular economy initiatives, including in the food sector, through programs such as Kick‑Start.
Research and Development Corporations: the Australian Government matches industry investment in research and development activities of selected agricultural and fishing industry projects.

	Funding for research and education programs 
	Direct provision of information to change household behaviours, funding for research programs and facilitating diffusion of knowledge.
	State, territory and local government waste sorting campaigns: initiatives that aim to reduce the contamination of organic waste in household kerbside bins, such as the ‘Which Bin’ campaign in South Australia.
End Food Waste Australia Cooperative Research Centre: an Australian Government‑funded research centre that partners with industry to research and implement new methods to reduce food waste, such as ‘The Great Unwaste’ behaviour change campaign to reduce household food waste.


a. The Australian Government endorsed a recommendation to require supermarkets to forecast required volumes of fresh produce with due care and to have reasonable fresh produce standards (The Treasury 2024b, p. 70, 2024a, p. 10), which are currently being implemented. b. Energy from waste regulations recognise the value of producing biogas from organic waste as higher than other energy from waste processes in Victoria, Queensland, South Australia, New South Wales and the Australian Capital Territory (DELWP 2021, p. 2; EPA SA 2020, p. 4; NSW EPA 2021b, p. 2; ORR 2021, p. 9; TCCS 2020, p. 8).
Source: DCCEEW (2024j); DSS (2024); EPA (2024b); City of Sydney (2023); Treasury (2024b, p. 70, 2024a, p. 10); DELWP (2021, p. 2); EPA (2021b, p. 2); EPA (2020, p. 4); ORR (2021, p. 9); TCCS (2020, p. 8); CSIRO (2021c); DAFF (2025); GISA (2021), End Food Waste Australia (2025).
Priority opportunities for further government intervention
Food relief emerges as a priority circular economy opportunity in food and agriculture. Farmers and retailers collectively dispose of 2.2 million tonnes of food each year (based on FIAL 2021, p. 12), a large portion of which could be diverted to people in need to address aspects of food insecurity (section 5.2). As discussed below, policy interventions could help small and dispersed organisations overcome barriers to the collection and distribution of food donations, with broader benefits to the community. 
Higher‑value uses of organic waste also emerge as a priority circular economy opportunity given the potential for significant economic and environmental benefits (section 5.2). Existing regulatory frameworks may be unnecessarily impeding the adoption of this opportunity, as discussed below.
Policy measures to reduce food waste by changing household consumption habits, supermarket demand forecasting and fresh produce standards are already planned or underway. In 2024, the End Food Waste Cooperative Research Centre, funded by the Australian Government, established ‘The Great Unwaste’: a behaviour change campaign seeking to reduce household food waste (End Food Waste Australia 2024, 2025). The Australian Government also agreed to recommendations made by the Independent Review of the Food and Grocery Code of Conduct, requiring supermarkets to forecast required volumes of fresh produce with due care and have reasonable fresh produce standards (The Treasury 2024a, p. 10). Whilst these policies have been enacted too recently to assess their impacts, successful implementation should contribute to substantially reducing food waste.
The PC considers policy issues relating to packaging (including food packaging) in chapter 10.
Food donation to charity 
In Australia, not‑for‑profit food relief organisations are feeding millions of Australians in need, while helping reduce food waste by collecting and distributing surplus food from farms, retailers and households. However, food relief organisations have insufficient food donations to meet the needs of the 32% of Australians who suffer from food insecurity (Guerrero et al. 2024, p. 8). 
OzHarvest (sub. 81, p. 14) suggested that offering tax offsets to businesses that provide food donation services, including transport and storage, could increase donations. However, a Senate Committee recently chose not to support a bill proposing tax offsets. Despite overwhelming support from inquiry participants, the committee was concerned that tax offsets would result in a greater amount of fresh produce going to waste, as producers could recover some compensation for food not sold to retailers (Walsh et al. 2024, p. 21).
Primary producers and food retailers have also highlighted high transport and storage costs as prohibitive barriers to food donation, exacerbated in regional and remote areas (AFGC 2024, p. 3; AUSVEG 2024, p. 6; Flinders University Centre for Social Impact 2024, p. 3; Food & Fibre Gippsland Inc. 2024, p. 1; KPMG 2023, p. 13; NFF 2024, p. 3; Salvation Army 2024, p. 3; WACOSS 2024, p. 3). These costs are a disincentive to food donation, as producers can avoid them by disposing of surplus food on farms. Inquiry participants suggested governments could assist food donors and charities to deal with transport and storage constraints by helping to establish shared infrastructure (Woolworths Group, sub. 162, p. 11). This could include negotiating or incentivising access to private infrastructure to store donations (such as storage facilities at regional supermarkets), or supporting digital platforms for retailers and producers to coordinate transport of larger quantities of surplus food. 
Considering the broader community benefits associated with food relief, and barriers that food relief organisations and donors can face in coordinating access to distribution and storage infrastructure, the PC is interested in further information on possible policy interventions.
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	Reform direction 5.1
Reducing food waste through food relief and donation to charity

	The PC is considering how governments could facilitate greater donation of edible foods to the food relief sector. Supporting measures could include governments assisting food donors and charities to deal with transport and storage constraints, which currently prevent the diversion of edible food from disposal to food relief organisations. 
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	Information request 5.1
Reducing food waste through food relief and donation to charity

	The PC is interested in further information on the following matters:
specific regions or stages of food donation (collection, storage, distribution) where barriers and challenges arise
the most significant kind of barriers faced by the food relief sector, including (but not limited to) coordination issues and infrastructure capacity constraints, and how these might be overcome
ways, and quantitative assessments of the costs and benefits (where available), governments can make food collection and distribution easier for small and/or geographically dispersed food businesses and charities, including incentivising the use of private storage and transport infrastructure
examples of governments successfully playing a coordination role between food donors and food relief organisations in Australia or other countries.

	


Recognising the benefits of biogas in carbon reporting
Inquiry participants cited several barriers to wider uptake of anaerobic digestion of organic waste to produce biogas in Australia. Barriers to production included insufficient high quality feedstock (DCCEEW 2024b, p. 23), high upfront costs of establishing anaerobic digestion plants (Dubbo Regional Council, sub. 68, p. 3; Jemena, sub. 106, p. 4) and inconsistent and stringent state and territory environmental regulations (Australian Pork Ltd, sub. 69, p. 4; Infrastructure Victoria, sub. 28, p. 4; Jemena, sub. 106, p. 5; RGA, sub. 50, p. 8). Barriers to increased demand included a lack of recognition of the full benefits of biogas use in carbon reporting methods, which gives businesses less incentive to purchase biogas to meet their emissions reductions obligations (BCA, sub. 99, p. 3; Jemena, sub. 106, p. 6; RGA, sub. 50, p. 8).
The lack of recognition of the benefits of biogas is a barrier the Australian Government could address within regulatory frameworks. Currently, all facilities covered by the National Greenhouse and Energy Reporting (NGER) legislation can report avoided emissions associated with generating energy from biogas (rather than fossil fuels) if the biogas was produced on‑site. For facilities with Safeguard Mechanism obligations, reporting these avoided emissions lowers the costs of meeting their emissions reduction benchmarks. 
However, facilities cannot claim avoided emissions if they purchase biogas from shared infrastructure (gas networks that convey both biogas and non‑renewable gas) (CCA 2023b, p. 50). This restriction exists because, under available reporting and accounting approaches, users cannot accurately calculate the amount of energy generated from biogas compared to fossil fuel‑derived gas drawn from shared infrastructure. The inability to claim avoided emissions associated with biogas purchased from shared infrastructure reduces incentives for businesses covered by the Safeguard Mechanism, or those who have adopted voluntary emissions targets, to use biogas, and may weaken the economic feasibility of anaerobic digestion projects. As noted by Jemena (sub. 106, p. 6), ‘this has held back investment, and is stymieing the environmental, social and economic benefits a robust biomethane industry can provide’. 
A 2023 review of the NGER legislation recommended the creation of a nationally recognised certificate for renewable gas, which would enable carbon benefits to be appropriately valued under the Safeguard Mechanism (CCA 2023b, p. 53). The Australian Government has agreed in principle to implement the review’s recommendation (DCCEEW 2024a, p. 7), and GreenPower has established a pilot certification (GreenPower 2024, p. 1). The Australian Government has indicated that the Guarantee of Origin scheme[footnoteRef:44], which does not include biogas, could be expanded to include biomethane in the future (DCCEEW 2024k, p. 29). [44:  The Guarantee of Origin scheme is an Australian Government-backed emissions accounting framework. It will provide businesses with certificates that detail when, where and how renewable energy was produced (DCCEEW 2025a). ] 

Elements of the approach for recognising the emissions benefits of low‑carbon liquid fuels, including biofuels, could be applied to biogas where relevant. For example, the Australian Government has amended the NGER scheme legislation to allow facilities to claim reduced emissions from using biofuel drawn from shared fossil‑derived and renewable fuel infrastructure (DCCEEW 2024i, pp. 7–9). To claim these emissions reductions, a reporting facility needs to demonstrate, among other things, that they have purchased the amount of renewable fuel they are reporting. 
The PC is considering whether a nationally recognised certificate for biogas, or other approaches to accurately measure and recognise the benefits of biogas, would materially increase uptake of biotechnology such as anaerobic digestion in Australia. 
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	Reform direction 5.2
Recognising the benefits of biogas in carbon reporting 

	The PC is considering how the emissions reduction benefits of anaerobic digestion projects that produce biogas from organic waste could be better accounted for, reported and valued. Options include developing certifications and/or other ways of accurately reporting biogas energy use, similar to those applicable to users of liquid biofuels under the National Greenhouse and Energy Reporting (NGER) legislation.
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	Information request 5.2
Recognising the benefits of biogas in carbon reporting 

	The PC is seeking further information (including data, where available) on the following matters:
the extent to which modified carbon reporting methodologies for biogas use, similar to those for liquid biofuels use under NGER legislation, could materially increase uptake of anaerobic digestion projects in Australia
the extent to which a nationally recognised certificate for biogas is necessary to accurately value the environmental benefits of using biogas drawn from shared infrastructure
the benefits, costs and risks associated with adopting certifications or modified reporting methodologies for biogas.

	


Reforming regulations to support the recovery of value from organic waste
In addition to the lack of recognition for the benefits of biogas in carbon reporting, inquiry participants cited a range of regulatory barriers to recovering value from organic waste. These barriers are described below.
Restrictive and complex environmental protection and planning regulations that prevent use of some organic wastes as an input for production, or create large regulatory burdens that reduce incentives to invest in such projects.[footnoteRef:45] For example, in Victoria, animal manure is classified as an industrial waste (EPA Victoria 2021), which imposes additional reporting and licensing requirements for any business seeking to reuse the manure as a fertiliser input (ACMF, sub. 111, p. 7). And in New South Wales, environmental regulations require producers to obtain exemptions to reprocess marine waste (such as oyster shells) into soil conditioners (NSW EPA 2021a; RAI, sub. 100, att. 1, p. 30). [45:  ACMF, sub. 111, p. 7; BCA, sub. 99, p. 3; Infrastructure Victoria, sub. 28, pp. 4, 5; Jemena, sub. 106, p. 5; RGA, sub. 50, p. 8; Urban Utilities, sub. 71, p. 4.] 

Barriers specific to producing and using biochar, such as a disproportionate regulatory burden for biochar production and the fact that it is not recognised in the ACCU scheme.[footnoteRef:46] [46:  ANZBIG, sub. 173, p. 40; GlobalPSC, sub. 149, p. 38; Logan City Council, sub. 61, p. 2; qldWater, sub. 51, p. 5; SEATA Group, sub. 145, p. 11; WSAA, sub. 150, p. 10.] 

Variable environmental protection and planning regulations across states and territories, which can increase administrative costs of scaling businesses across state or territory borders, and introduce regulatory burden to importers of materials from other states or territories.[footnoteRef:47] [47:  ACOR, sub. 75, p. 19; CCEP, sub. 170, p. 11; Jemena, sub. 106, p. 4; Veolia Australia New Zealand, sub. 8, p. 6.] 

Reducing the restrictiveness or inconsistency of regulations across states and territories would support the recovery of value from organic waste. For example, many jurisdictions now explicitly recognise anaerobic digestion of organic waste as more valuable than other waste to energy processes and exempt anaerobic digestion from some production caps and licensing restrictions (table 5.1). 
However, there are limits to how much governments can relax or harmonise regulations and planning laws without compromising other objectives, such as protecting human health and local amenity and the integrity of emissions reduction efforts. Changing regulations to enable the adoption of circular practices in ways that have unintended negative outcomes could lower community support and wellbeing. And simplified regulatory processes may be inappropriate, or ineffective, for resource recovery technologies (such as biochar) where production outputs are highly variable from project to project, or where project risks are highly dependent on geography. A better understanding of opportunities to reduce regulatory burdens will develop as industry and governments build and share knowledge of the risks of using organic wastes, such as the Australia New Zealand Biochar Industry Group’s recently released guide to the production, uses and applications of biochar (Joseph and Taylor 2024).
As many participants referred to regulatory barriers to the adoption of biochar, anaerobic digestion and projects using organic waste in broad terms, the PC is seeking further information on whether and where government intervention is likely to have net benefits. It is also seeking input on the regulations or regulatory inconsistencies that create the biggest disincentive to invest in projects. The PC is interested in near‑term roles for government action outside the ACCU scheme, noting for example the Australian Government Department of Climate Change, Energy, the Environment and Water (DCCEEW) only recently elected to not prioritise an expression of interest to establish a biochar ACCU method using the triage criteria (DCCEEW 2024l).[footnoteRef:48] [48:  DCCEEW is implementing a new proponent-led process for developing and modifying ACCU methods, which was recommended by a 2022 Independent Review of the ACCU scheme (Chubb et al. 2022, p. 10). While the government progresses legislative reforms to implement the Review’s recommendations, there is an interim process whereby proponents put forward method expressions of interest to the Emissions Reduction Assurance Committee (ERAC) within DCCEEW for inclusion in the scheme. The ERAC then uses triage criteria (including scale, complexity, innovation, co-benefits and adverse impacts) to inform their recommendations to the Minister about which expressions of interest should be prioritised. ] 
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	Information request 5.3
Reforming regulations to support the recovery of value from organic waste 

	The PC is seeking further information on regulatory barriers to projects that recover value from organic waste. Specifically, the PC is interested in further information on the following matters:
specific regulations or regulatory inconsistencies that create disincentives to invest in projects that recover the value of organic waste (and estimates of associated compliance costs, where available)
examples of projects not proceeding because of restrictive regulations or regulatory inconsistencies
opportunities for reducing these barriers without compromising objectives such as protecting human health, the natural environment or local amenity (e.g. odour), including examples of best practice.
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	Key points 
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	The production, processing and disposal of materials for textiles and clothing products have negative effects on the environment and human health, if not well managed.
Textiles accounts for up to 8% of global emissions each year (with manufacturing contributing 40% of these emissions) and about 9% of global microfibre pollution in oceans. 
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	Australia is the biggest per‑capita consumer of clothing in the world.
Australian households and organisations consume an average of 39kg of new textiles and clothing per person each year, two and a half times the global average, and dispose of 33kg each year.
Australia’s recycling rate for textiles is 5%, compared to 12% in France and 15% in the United States. 
One‑third of discarded clothing in Australia (100,000 tonnes each year) goes to landfill. 
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	As Australians consume 38 times more textiles products each year than are made in Australia, there is a wider scope to directly influence consumption rather than production.
Renting, reusing, repairing and refurbishing clothes extend product lives, therefore lowering textiles waste and its associated environmental impacts (which include emissions, water pollution and biodiversity loss).
Making it easier for households to donate clothes can reduce waste and provide clothing to those in need.
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	Commonly cited barriers to circular practices in textiles relate to purchasing and consumption behaviours, and low participation in product stewardship schemes. 
Households and businesses lack reliable and relevant information about products’ sustainability and repairability and may also be influenced by social norms around purchasing behaviour (‘fast fashion’), and low reuse and recycling rates (‘throw away’ culture).
Existing textiles product stewardship schemes in Australia are voluntary industry schemes that have only been recently implemented.
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	The Productivity Commission is seeking further information on potential areas for further government action: enhancing product labelling and increasing participation in product stewardship schemes.
Enhanced labelling about the design, material content, repairability or durability of textiles and clothing products could help consumers select products and help businesses identify opportunities for recycling.
The PC is considering the appropriateness of different models for textiles and clothing product stewardship schemes. For example, government accreditation of existing voluntary schemes could improve participation, while avoiding the additional costs of a co‑regulatory or mandatory scheme.


[bookmark: _Toc190959802][bookmark: _Toc191395534]Overview of the textiles and clothing sector
Materials used in the textiles product life cycle 
Textiles and clothing businesses make a variety of products with a range of industrial and household applications. Industrial applications include tents, life vests, ropes, packaging and seats and upholstery in automotive vehicles. Household applications include clothing apparel, blankets, carpets, mattresses and curtains. 
The textiles product life cycle comprises six phases. 
Textiles design: determining the functional, structural and aesthetic features of fabrics and textiles products.
Fibre production: sourcing agricultural materials and processing them to extract fibres or producing synthetic fibres from crude oil extraction and chemical manufacturing. 
Manufacturing textiles products: producing yarn (spinning fibres into yarn), fabric (knitting, weaving or bonding the yarn into fabric) or textiles production (chemical and/or mechanical processes to produce finished textiles), and assembly (cutting and sewing of fabric into a final product). 
Distribution and retail: transporting textiles products to retail stores or directly to consumers. 
Use: washing, ironing and other forms of garment care. 
Disposal: disposing discarded textiles to landfills or exporting to other countries.
Textiles and clothing businesses use a range of natural and synthetic materials as inputs to production. Common materials used in textiles products include crop‑based fibres such as cotton, hemp and linen; animal‑based fibres such as silk, wool and leather; and synthetic materials such as polyester, nylon and elastane. More than 60% of clothing sold in the Australian market is made from synthetic fibres and about 40% is made from cellulosic fibre sources, primarily cotton (AFC 2022; Gbor and Chollet 2024). Most garments are blends of different fibre types. Apparel accounts for about 60% of global demand for fibres, while industrial textiles and other household textiles account for about 20% each (UNEP 2020, p. 11). 
Key environmental impacts associated with material use in textiles
Producing, processing and disposing materials for textiles and clothing products can have negative effects on the environment and human health. Commonly cited issues include impact on biodiversity and soil health, greenhouse gas emissions and water pollution.
Biodiversity and soil health impacts from fibre production: Natural fibres, such as cotton, can require extensive amounts of water, pesticides and fertilisers, which can result in soil degradation and biodiversity loss. [footnoteRef:49] The Ellen MacArthur Foundation (2017) estimates that cotton cultivation accounts for 16% of pesticide use and 4% of fertiliser use globally. In Australia, the environmental impacts of fibre production vary depending on fibre type and other location‑specific factors such as climate and water availability (Lockrey et al. 2022).  [49:  However, natural cellulose fibres are renewable and can offer a more readily biodegradable, lower pollution impact alternative to synthetic materials for various applications including textiles and packaging (El Bourakadi et al. 2024). ] 

Greenhouse gas emissions and waste from textiles manufacturing: Textiles manufacturing is energy intensive, which contributes to greenhouse gas emissions. The United Nations Environment Programme (UNEP) (2023b, p. 26) estimates the textiles value chain accounts for 2 to 8% of global emissions and textiles manufacturing accounts for over 40% of these emissions. Textiles manufacturing also requires heavy chemical use, many of which are hazardous if they enter the environment or people encounter them. The Ellen MacArthur Foundation (2017) estimates that producing 1kg of textiles requires about 0.58kg of chemicals.
Greenhouse gas emissions associated with transporting textiles and textiles waste: Along with many other countries, Australia imports the majority of its textiles products that have been manufactured overseas. International shipping is energy intensive, contributing to carbon emissions. 
Environmental impacts from textiles use: Washing, drying and ironing textiles uses energy. As with textiles manufacturing, this energy use can contribute to greenhouse gas emissions. The UNEP (2023b, p. 26) estimates washing, drying and ironing textiles accounts for 25% of textiles emissions. Washing textiles also results in the release of microfibres to wastewater systems and eventually to the environment.
Impacts of disposed textiles on landfill and the environment: When businesses and households dispose of textiles products, such as clothing, the fibres enter landfill and potentially the environment. UNEP (2023b) estimates the textiles sector accounts for about 9% of global microfibre pollution in oceans. In Australia, research has shown that microfibre pollution can negatively affect iconic environmental assets. For example, researchers found that pollutants on the Great Barrier Reef include synthetic and naturally‑derived fibres (Kroon et al. 2018). While natural cellulose fibres biodegrade relatively quickly, synthetic fibres such as polyester and nylon do not readily biodegrade in natural environments (Collie et al. 2024). 
Profile of textiles production, consumption and waste in Australia 
Australia consumes more textiles products than it makes. Australian households and organisations consume an average of 39kg of textiles and clothing per person each year (ACTA 2021),[footnoteRef:50] two and a half times the global average of 15.5kg per person (Textile Exchange 2024). In 2018‑19, Australians consumed 383,000 tonnes of new clothing, with imported products accounting for about 97% of this consumption. Australian‑based textiles businesses produce about 10,000 tonnes of clothing products annually (AFC 2022). Most domestic textiles production (including wool fabrics and home textiles such as bed linens) is designed in Australia (ECCP 2024; Mordor Intelligence 2025).  [50:  This estimate by the Australasian Circular Textile Association is based on extrapolating data on textiles consumption in New South Wales to the rest of Australia; as such, it assumes that textiles consumption trends are similar across jurisdictions.] 

The Australia Institute reports that Australia is the biggest per‑capita consumer of clothing in the world, with the average Australian purchasing 56 items of new clothing annually, compared to 53 items in the United States and 33 in the United Kingdom (Gbor and Chollet 2024).[footnoteRef:51] Between 2018 and 2023, however, the number of clothing items purchased per capita in Australia decreased by 12%, while the number of second‑hand clothes purchased increased by 18% (Seamless 2025).  [51:  These figures are illustrative as they relate to different years, with data from 2018 for Australia and 2017 for the United States and the United Kingdom. ] 

Australian households and organisations dispose an average of about 33kg of textiles and clothing per person each year. In 2020‑21, about 860,000 tonnes of textiles, leather and rubber waste was generated in Australia. Clothing is the major component of textiles waste. About 300,000 tonnes of clothing is discarded each year, of which about 100,000 tonnes go to landfill, with 200,000 tonnes given to clothing donation or collection services. About 60% of donated clothing is exported to developing countries (DCCEEW 2022d), and an unknown proportion of this ends up in landfill. 
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Circular economy opportunities exist throughout the textiles product life cycle, offering environmental and socioeconomic benefits. To understand the applicability of these opportunities in Australia, the PC considered the current and projected size of the relevant market sector to which each opportunity related and the current levels of adoption (chapter 3). 
Types of circular opportunities in textiles and clothing
Circular opportunities at the textiles production and retail stages include designing and making textiles more durable or repairable (Zero Waste Victoria, sub. 169, p. 17), using recycled fibres instead of virgin materials to make textiles (ACOR, sub. 75, p. 91; Turnbull, sub. 5, p. 1), using logistics and warehousing systems that reduce overstocking of textiles that can lead to waste (UNEP 2023b) and producing textiles and clothing from materials that have less impacts on natural resources (regenerative textiles) (Schandl et al. 2024) or use less hazardous chemicals (CTWG, sub. 22, p. 2). Some brands such as Patagonia (Stanley 2023) and Kathmandu (2025) have taken steps to reduce microfibre release from clothing by improving design and encouraging customers to wash in cold water, less often and on a gentle cycle. 
At the use stage, opportunities include reusing, repairing, refurbishing, repurposing, renting, and sharing to maximise the useful life of materials (AFCC 2023a; Boulton, McCallion and Dechrai 2022; UNEP 2023b). Some brands have programs that encourage customers to return items for repair promoting the extension of product life. For example, Nudie Jeans offer a free repair service at their retail outlets and provide a 20% discount on new purchases when customers return used jeans (Recovery Tas Pty Ltd, sub. 90, attachment, p. 46). 
At the post‑consumption phases, opportunities include processing discarded textiles products to recover fibres, so they can be reused as raw materials for new products (TOMRA, sub. 118, p. 6). Some retailers (such as Upparel and Textile Recyclers Australia) facilitate this process through product takeback and collection schemes that reduce the collection and sorting costs incurred by consumers (PlanetArk 2025).
A key benefit of these circular practices is reducing carbon emissions. A report undertaken for the Global Fashion Agenda estimated that circular business models such as rentals, reuse, repair and refurbish could enable the fashion industry to cut around 143 million tonnes of greenhouse gas emissions in 2030. They found that each 1% increase in market share of circular business models is likely to reduce CO2 equivalent emissions by 13 million tonnes (McKinsey & Company 2020, p. 14). Circular practices can also reduce emissions associated with transporting textiles waste to other countries (Boulton, McCallion and Dechrai 2022). 
Reuse can also support broader socio‑economic goals. Business donations of excess stock to charities can divert products to people in need at lower cost, while maximising the value of materials in existing products (Boulton, McCallion and Dechrai 2022; Charitable Reuse Australia, sub. 18, p.5; The Salvation Army, sub. 53, p.6). 
Circular opportunities applicable in Australia 
Circular design techniques (such as manufacturing textiles products and packaging from recycled content) are relatively uncommon for textiles produced or sold in Australia, though some businesses have adopted these practices (for example, Fairtrade Organic Cotton, and Repreve recycled polyester) (Product Stewardship Centre of Excellence 2025; Turnbull, sub. 5, p. 1). Samsara Eco, an organisation that has developed technology that can recycle plastics and textiles in collaboration with the Australian National University, has partnered with companies like clothing brand Lululemon to create new clothing products from recycled polyester (Tink MP, sub. 142, p. 2). 
There also appears scope for greater adoption of circular practices among consumers (such as reusing or repairing textiles, choosing textiles that are more durable, repairable or sustainable, or reducing the number of clothes they buy). A 2024 national survey by Lane et al. (2024) found that more than 30% respondents had never repaired clothing items. Recent surveys of Australian consumers found: 
about 14% of respondents indicated that they repair most or all damaged items (just over 30% of respondents said they never do) (Statista 2024)
the proportion of respondents who had purchased ‘sustainable fashion products’ was lower among men (35%) than women (47%), and lower among Baby Boomers (aged 59 to 77) (28%) than Gen Z (aged 18 to 28) (55%) (Statista 2024)
in making fashion purchase decisions, 47% of respondents prioritise the use of natural fibres, 38% prioritise durable garments, and 30% prioritise garments made from sustainable fibres (Baptist World Aid Australia 2023). 
While clothing reuse is relatively widespread,[footnoteRef:52] Australia’s recycling rate for textiles is 5% compared to 12% in France and 15% in the United States (Girling 2024). Businesses such as BlockTexx and Upparel are pioneering efforts in textiles recycling, focusing on recovering polyester and cotton from discarded clothing and bedlinen (BlockTexx 2024; UPPAREL 2024).  [52:  Charities including Vinnies, Salvos Stores, Good Sammy and the Red Cross handle an estimated 200,000 tonnes of clothing annually (or 52% of annual consumption), with about 17% of these donated clothing resold domestically (Lockrey et al. 2022). A 2024 survey by the Australia Institute found that 64% of respondents donated their last unwanted clothing item (Gbor and Chollet 2024, p. 4).] 

Based on the scale of materials involved, opportunities that focus on local textiles consumption have much greater potential to affect materials use than those focusing on domestic production. Australian businesses and households consume 38 times more clothing products each year than Australian businesses make (section 6.1). However, some opportunities relating to post‑consumption activities (such as recycling) may be limited by technical constraints, as noted in chapter 3. For example, the high costs and absence of technologies to recycle some textiles materials mean that 100% recycling rates will not be a realistic goal.
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Existing government measures to encourage circularity 
The Australian Government is encouraging greater circularity in the textiles sector by supporting product stewardship schemes and through the Environmentally Sustainable Procurement Policy. The Minister added clothing to the priority list for stewardship scheme action in 2021‑22, and mattresses in 2022‑23 (section 2.2). 
The product stewardship scheme for clothing, Seamless, is an industry‑led voluntary scheme that is not currently accredited by the government (types of schemes are discussed further below). Seamless, which commenced in July 2024, aims to foster circular business models, expand collection and recycling points, encourage sustainable design and production, and introduce education campaigns on responsible acquisition, care, repair, and disposal (AFCC 2023b). The Australian Government provided a $1 million grant through the National Product Stewardship Fund to develop the scheme, and will provide a further $1 million to support Seamless over two years from 2024‑25 (Australian Government 2024b, p. 218). In early 2024, the Minister for the Environment stated that if the voluntary stewardship scheme is not sufficiently adopted by industry, it will be formally regulated by the Australian Government (DCCEEW 2024t).
Product stewardship schemes also exist for textiles products other than clothes. The Australian Bedding Stewardship Council (ABSC) Scheme, which is also an industry‑led non‑accredited voluntary scheme, was introduced in 2023, provides national recycling solutions for mattresses (including in regional communities). The Scheme is funded through a product stewardship fee of $10 per mattress, approved by the Australian Competition and Consumer Commission (ACCC). 
Commencing in July 2025, the second phase of the Australian Government’s Environmentally Sustainable Procurement Policy (which aims to reduce the environmental impacts of Australian Government procurements) will target textiles. The Policy includes products such as uniforms (including footwear and hats) and textiles for home and industrial use (for example, carpets and bedding) and will apply to procurement contracts over $1 million. 
The Australian Government has also developed a national framework for recycled content traceability in November 2023. The framework aims to improve trust in recycled materials by setting clear and consistent traceability rules for recycled content and guiding businesses to collect and share information about recycled materials. The Government’s ‘ReMade in Australia’ program is working to create product labelling to encourage consumers to buy products made with recycled materials. The scheme aims to develop a recognisable logo for certified ‘remade’ products and is expected to help consumers identify Australian made products with recycled content.
State and territory governments have initiatives to encourage circularity in textiles through funding, infrastructure development and strategic programs. For example, the Queensland Government is investing $4.97 million in project Boomerang, a textiles recycling hub in Brisbane operated by Salvos Stores to implement automated sorting and decontamination technologies that enable recycling and reuse of textiles. The government also supported BlockTexx, a textiles recycling business, with $600,000 from the Resource Recovery Industry Program. 
Local government actions for supporting circularity in textiles include providing household collection services and drop‑off points to make reuse more convenient. For example, Mitchell Shire Council, Randwick City Council and City of Sydney Council offer intake of used clothing. 
Barriers to increased circularity 
During consultations conducted for this inquiry, commonly cited barriers to circular practices in textiles related to household and business purchasing and consumption behaviours. These barriers include high costs of repair relative to new products (CTWG, sub. 22, p. 1), lack of information about products[footnoteRef:53] and societal attitudes and norms (i.e. throw away culture, fast fashion) (Good Sammy, sub. 25, p. 2). [53:  For example, Circular Australia (sub. 126, p.8); CPRC (sub. 141, p. 4); eBay Australia and New Zealand (sub. 151, p.6); Monash University (sub. 138, p. 11).] 

There are also barriers related to collection, reuse and recovery. These barriers include the lack of collection and sorting infrastructure, limited space for infrastructure development,[footnoteRef:54] and consumers donating unwearable items to charities (Charitable Reuse Australia, sub. 18, p. 4; Good Sammy, sub. 25, p. 2).  [54:  For example, Australian Retailers Association (sub. 165, p. 2); Circular Australia (sub. 126, p. 8); Good Sammy (sub. 25, p. 5); Millicer (sub. 82, p. 4); SSROC (sub. 26, p. 9); Vejnovic et al. (sub. 24, p. 3).] 

The barriers related to material recovery and recycling include complex textiles recycling processes,[footnoteRef:55] lack of technology,[footnoteRef:56] insufficient funding,[footnoteRef:57] lack of information on product recyclability (Circular Australia, sub. 126, p. 8) and lack of markets for recycled materials (SSROC, sub. 26, p. 9). Some participants (for example, Zero Waste Victoria, sub. 169, p. 6) highlighted that textiles and clothing products made from a combination of synthetic and natural fibres, or those incorporating various components like buttons, zippers, and mixed fabrics, complicate material recovery. A few participants during consultation for this inquiry suggested improved product design such as using single fibre types and compatible materials could enhance material recovery and recycling processes.  [55:  For example, Global PSC (sub. 149, p. 12); Millicer (sub. 82 attachment; Chamberlin, sub. 73, p. 6).]  [56:  For example, Good Sammy (sub. 25, p. 5); Infrastructure Victoria (sub. 28, p. 5); Kylea Tink MP (sub. 142, p. 2); Now and Future (sub. 123, p. 3); Resource Work Cooperative (sub. 30, p. 6).]  [57:  For example, ACOR (sub. 75, p.5); Zero Waste Victoria (sub. 169, p. 4).] 

Several participants noted challenges associated with the voluntary nature of textiles product stewardship schemes including free riding,[footnoteRef:58] low participation and insufficient funding to support sector‑led initiatives to manage waste streams in textiles and clothing (Resource Work Cooperative, sub. 30, p. 6; SSROC, sub. 26, p. 9).  [58:  Free riding occurs when a business benefits from the actions of another without paying for or sharing the costs. In the context of voluntary PSS, non-participating businesses can benefit from the collection and recycling infrastructure funded by the schemes.] 

The barriers identified at the textiles production phase related to circular design and using recycled inputs. It was noted that there is a lack of resources for small business designers and manufacturers (Vejnovic et al., sub. 24, p. 3) and that using recycled materials to produce clothes can be more expensive than using virgin materials (ACOR, sub. 75, p. 91). In consultations conducted for this inquiry, a few participants suggested that there is limited ability to influence the design, fibre choice and labelling of imported textiles.
Potential areas for further government action
Improving information about textiles and clothing products through labelling is a priority for further investigation. First, there appears scope for encouraging greater adoption of circular practices among Australian consumers (such as choosing products that are durable, repairable or sustainable) (section 6.2). Second, it has the potential to influence consumption behaviours and therefore a large volume of materials in Australia, compared with opportunities that focus on production (section 6.1). Third, empowering consumers to choose circular products through information and education would avoid some of the adverse impacts (such as negative distributional effects) of heavier interventions, such as consumption taxes, which could disproportionately affect low‑income households. 
Another potential area for further government action explored in this section is improving the effectiveness of existing product stewardship schemes in textiles. This would have the advantage of leveraging existing mechanisms, partnerships and infrastructure, compared to developing entirely new policies.
Improving information availability on circular textiles and clothing products 
Growing environmental concerns among consumers and increasing demand for sustainably and ethically produced products are shaping purchasing preferences for textiles and clothing products (Lockrey et al. 2022). In a survey conducted among Australian consumers in 2021, Statista found that around 84% of respondents were willing to pay more for sustainable clothing products in comparison to regular products (Statista 2021). According to a 2023 YouGov survey, about 46% of Australian consumers said seeing a fashion item marked as ‘sustainably‑made’ or similar makes them more likely to purchase it (Tan and Iacono 2023).
Providing consumers with reliable and relevant information about circular textiles products assists them in choosing products that align with their values and preferences. Around two‑thirds (69%) of consumers who do not consider environmental sustainability when buying clothes said they ‘find it difficult to identify whether a fashion item/brand is sustainable or not’, and 66% said they are ‘sceptical when a fashion brand makes claims about sustainable/ethical practices or products’ (Tan and Iacono 2023). 
Improved consumer information may in turn enhance incentives for manufacturers or retailers to produce or stock these products (CTWG, sub. 22, p. 2). And consumers may be more inclined to participate in takeback schemes if they are confident that the manufacturer or retailer will recycle or reuse the returned products, rather than throw them away. 
Measures to mitigate the risk of greenwashing for textiles and clothing products 
Consumer groups (CPRC, sub. 141, p. 9; CTWG, sub. 22, p. 2) argued that businesses are responding to rising consumer demand for environmentally friendly products, including textiles and clothing, by marketing their products as sustainable. In the absence of adequate regulations, there is a risk that businesses may make such sustainability claims without evidence. The Consumer Policy Research Centre (CPRC) (sub. 141, p. 4) noted the absence of clear standards about what constitutes circular textiles or clothing products provides scope for greenwashing,[footnoteRef:59] as terms such as ‘eco‑friendly’, ‘sustainable’, ‘good for the planet’ and ‘efficient’ are confusing. According to a survey on ethical consumer decisions conducted in Australia in 2023, 34% of respondents said a leading barrier was that they were unsure which fashion brands were ethical (Baptist World Aid Australia 2023). [59:  Greenwashing refers to a situation where businesses make false or misleading claims about the environmental benefits of a product or service. ] 

Citing the findings of the ACCC’s internet sweep of environmental claims for selected products, consumer groups raised specific concerns about:
the large number of certification trademarks for the same product class (such as textiles, garments and shoes) makes it difficult for consumers to understand what every certification trademark means or to assess how robust the scheme is. The ACCC found seven different textiles certification schemes 
the use of logos or symbols on websites and packaging (such as nature‑based imagery like leaves and the planet, and the colour green) that appear to be trustmarks but are not associated with a certification scheme. The CPRC cited research found that 69% of people said they were likely to trust a green claim that had a trustmark (CPRC, sub. 141, p. 9)
businesses creating their own certification schemes for their products, rendering certification trademarks meaningless in helping consumers to distinguish between different products (ACCC 2023a, p. 7)
businesses not providing sufficient evidence for their claims.
The ACCC did not provide examples from the textiles, garments and shoes sector for the last three concerns. However, it found 18 out of the 27 (or 67%) textiles businesses reviewed made concerning claims, compared to an average of 57% across all sectors.
There are initiatives in place to address these issues. In December 2023, the ACCC issued guidance for businesses making environmental claims (ACCC 2023c). The Australian Senate Standing Committee on Environment and Communications has been conducting an inquiry (report due by March 2025) into ‘greenwashing’ across various sectors, including clothing and footwear, to assess the impact of misleading environmental and sustainability claims on consumers and explore further legislative options to protect consumers. And the Treasury is currently consulting on amending the Australian Consumer Law to address unfair trading practices, which could make it harder for businesses to make vague ‘green’ claims about products and services (The Treasury 2024d). 
General consumer protection measures and compliance activities, and initiatives underway to improve these, appear to be addressing greenwashing concerns in the textiles and clothing sector. But to the extent that there are specific greenwashing issues that fall out of scope of existing protections and proposed improvements, there may be a case to increase compliance activities and education in this sector. As such, the PC is seeking further information on the adequacy of protections for textiles consumers and further actions that may have net benefits to the community. 
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	Information request 6.1
Protections for consumers of textiles and clothing 

	The PC is seeking the following information on protections for consumers of textiles and clothing:
the extent to which consumers of textiles and clothing products consider certification trademarks when choosing between different products and what product qualities those certifications cover (for example, ethical production, sustainable inputs, product functionality)
which certification trademarks are considered most trusted in the textiles industry and by consumers, and what makes them stand out compared to others
the extent to which textiles and clothing manufacturers and retailers engage in misleading behaviours (for example, misleading logos, terminology, or accreditation; providing insufficient information to support claims) that fall outside of existing general consumer protection laws (such as the Unfair Trading Practices prohibition) and associated compliance activities (guidelines) 
what, if any, harms to consumers arise from these misleading claims 
actions that governments or product stewardship schemes could take to promote the availability of reliable and relevant information about whether clothing and textiles products’ claims related to circularity and sustainability are accurate and credible. 


Product labelling to help consumers select circular textiles and clothing products
Textiles and clothing products currently include mandatory care labelling. Several participants suggested that improving labelling could help consumers choose genuinely circular or sustainable products.[footnoteRef:60] There is evidence that consumers value information about sustainability when purchasing textiles products (Lockrey et al. 2022). A United Kingdom survey found that there is a receptive market for eco‑labels for home textiles that provide information on durability, recyclability and repairability (WRAP 2023). And a 2023 survey of Australian consumers found that about 1 in 5 respondents claimed environmental sustainability and brand ethics was among their top three considerations when shopping for fashion items (Tan and Iacono 2023).  [60:  For example, Circular Australia (sub. 126, p. 8); CPRC (sub. 141, p. 4); eBay Australia and New Zealand (sub. 151, p. 5); Monash University (sub. 138, p. 11).] 

There is also evidence that consumers can find it difficult to access repairability and durability information. The CPRC (sub. 141, p. 4) observed that it is difficult for Australian consumers to identify whether products will last for a long time or can be easily repaired when they make a purchase. In an Organisation for Economic Cooperation and Development (OECD) working paper, Laubinger and Börkey (2021, p. 11) noted (about products in general) that ‘consumer‑oriented information and labels that encourage consumers to opt for longer‑lived products or to repair and use them for longer timeframes currently remain niche and their uptake is low. Only few consumer‑oriented labels include product lifespan criteria’.
Repairability and durability labelling schemes exist in other countries for other products (such as France’s repairability index for electronics, see chapter 9). However, these other scheme designs may not have the same effectiveness if applied directly to textiles. Even when consumers of textiles and clothing products have access to reliable information, they may not act on that information if it is not relevant to their purchase decision. For some products, characteristics such as reparability and durability may not be as influential in buying decisions as whether the process for making the textiles was sustainable or ethical. These concerns may be better addressed by other eco‑labelling schemes, such as the global organic textile standard or the ‘fair mined’ gold certificate, which provides information on materials origin. Consumers may also be more interested in repairability and durability information to inform an expensive, infrequent electronics purchase (where they have limited ability to assess quality by inspection), than they would for clothing. 
The feasibility of implementing a labelling scheme will depend on whether businesses are able to access the information required (such as material composition, recycling options, and sustainability practices) to be included on their product labels, and whether this information is accurate and consistent to enable consumers to have confidence in the labels. Some of this information may be in the control of businesses, while other aspects may require external research, adding costs. Circular Australia (sub. 126, p. 8) highlighted the need for standardisation and traceability, with a national approach on material and product passports, and eco‑labelling for textiles products.
Product labelling to help textiles businesses adopt circular opportunities
Product labelling can also provide information to businesses at other stages of the product life cycle, enabling feedback loops between repair services, materials recovery and recycling companies, and designers and manufacturers. 
Labels can provide essential details for resale and upcycling businesses (such as Loop Upcycling), helping assess textiles value and durability, and facilitating transparency in the second‑hand market.
Labels with materials composition (such as cotton, polyester) and care instructions can help textiles repairers choose the right repairing techniques. 
Labels about materials composition and recyclability can streamline sorting, reduce contamination and minimise materials loss at collection and sorting facilities. 
Labels about fibre and material types (such as in buttons and zippers) can enable materials recovery and recycling businesses (such as Upparel and BlockTexx) to extract fibres more efficiently, improving materials recovery rates and reducing waste.
The PC is seeking further information to better understand the potential benefits and costs of additional policy measures to improve the availability of information about textiles and clothing products (such as their design, material composition, repairability and durability) through product labelling. These policy measures could involve amending existing regulatory frameworks or standards governing existing textiles and clothing labelling schemes, and/or designing and developing a new product labelling scheme with industry.
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	Reform direction 6.1
Product labelling for textiles and clothing

	The PC is considering the role for governments in product labelling to improve the availability of information about textiles and clothing products (such as their design, material composition, repairability and durability) and enable consumers and businesses to adopt circular practices. Options could include amending existing regulatory frameworks or standards governing existing textile and clothing labelling schemes, and/or designing and developing a new product labelling scheme with industry. 
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	Information request 6.2
Product labelling for textiles and clothing

	The PC is seeking the following information on product labelling for textiles and clothing:
the types of information on product qualities (such as sustainable inputs, reparability, durability and recyclability) that would be usefully included on product labels for: 
consumers, to support their ability to buy circular textiles and clothing products 
textiles recycling and upcycling businesses, to support their ability to adopt circular opportunities
what would be required for businesses and retailers in Australia to access accurate and consistent information for product label details
the extent a product labelling scheme could build on existing information systems, standards and regulations or would require new ones to be set up, and associated costs and implementation issues
whether other forms of labelling or information (business to business, or end of system) could facilitate greater circularity across the textiles product life cycle.


Enhancing the effectiveness of product stewardship schemes
In Australia, government involvement in product stewardship varies across a spectrum of accredited voluntary, co‑regulatory or mandatory schemes (section 2.2). During consultation, some organisations noted that voluntary product stewardship schemes face difficulties in compelling businesses to participate, with some businesses and retailers not engaging unless the scheme is regulated. Seamless highlighted the importance of establishing partnerships between stewardship schemes and governments to achieve circularity in the clothing industry (AFCC 2023b). The Product Stewardship Centre of Excellence noted ‘regulation is the best solution for ensuring high levels of industry investment and participation’ (sub. 159, p. 6). 
Several participants to this inquiry argued that product stewardship schemes in the textiles and clothing sector, such as Seamless and the ABSC Scheme, should be mandatory so that: 
sufficient revenue is generated (ACOR sub. 75, p. 91; Resource Work Cooperative sub. 30, p. 6)
all apparel products are covered (Chamberlin, sub. 73, p. 10)
textiles collection, sorting, reuse and recycling infrastructure can be scaled up (TOMRA, sub. 118, p. 12) 
manufacturers and brands share the costs of end‑of‑life product recovery (SSROC, sub. 26, p. 8).
The Southern Sydney Regional Organisation of Councils noted voluntary schemes often fail to secure sufficient market share, leaving local governments and ratepayers to bear the burden of managing waste: 
Councils in Sydney recovered close to 160 000 mattresses in 2023‑24, costing approximately $50 per unit for collection and recovery. Despite efforts by the Australian Bedding Stewardship Council to establish a voluntary scheme requiring a $10 per unit contribution from manufacturers, this initiative has not provided adequate funding to councils, leading to increased financial strain. (SSROC, sub. 26, p. 8) 
The Seamless Consortium noted several benefits of a co‑regulated scheme over a voluntary one, including that it would: 
make it easier for stakeholders to progress change
alleviate participants’ concerns that their contributions are supporting free riders
make it easier to forecast income, expenditure and level of contribution required (AFCC 2023b, p. 21).
During consultations for this inquiry, some participants suggested a staged approach to enhancing the effectiveness of existing voluntary product stewardship schemes for textiles and clothing, which could involve voluntary schemes seeking government accreditation in the immediate term and then moving to co‑regulation and mandatory regulation, if necessary.
Under the Recycling and Waste Reduction Act 2020 (Cth), voluntary product stewardship schemes can apply for government accreditation. The Australian Government assesses applications based on how the scheme promotes circularity, maximises the continued use of products and materials over their life cycle, and reduces harms to the environment and human health. The Minister for the Environment has the power to decide whether to accredit a voluntary scheme and if any further conditions are needed to ensure the arrangement complies with the Act, such as targets on scheme outcomes, reporting and performance evaluation requirements (DCCEEW 2025c).
Accreditation permits schemes to use the Australian Government product stewardship logo. One of the purported benefits to businesses of the logo is that it provides a competitive advantage by letting the public know that the industry has worked to reduce the negative impacts from its products. Such benefits might encourage greater scheme participation (DCCEEW 2025c). While the 2020 review of the Product Stewardship Act 2011 noted the schemes regulated and accredited under the Act have reduced the impacts of covered products on the environment and human health (DAWE 2020), the specific impacts of accreditation on industry participation rates and schemes outcomes in Australia have not been evaluated. 
In other countries, co‑regulatory and mandatory schemes have had some effect on textiles circularity. France introduced a mandatory extended producer responsibility scheme for textiles products in 2008 and the Netherlands introduced a similar mandatory scheme in 2023 (box 6.1). In comparison to Seamless, the French and Dutch schemes have a specific target for reuse and recycling and also mandate that producers submit regular compliance reports. In France, collection rates have improved since the scheme’s introduction, however there are concerns around underdeveloped recycling operations, eco‑contributions providing minimal incentives for circular design, and reliance on exports for reuse and recycling (Wilson 2021). In 2019, the collection rate of textiles waste was 38% in France, 45% in the Netherlands, 19% in Sweden, and 43% in Denmark (Global Observatory of Climate Action 2022, p. 139).

	Box 6.1 – Mandatory textiles product stewardship schemes in other countries 

	In European Union (EU) countries, extended producer responsibility (EPR) legislation will be mandatory from 2025. The Netherlands has had a mandatory EPR scheme for textiles since July 2023. The government’s targets include that 50% of the textiles released on the Dutch market must be recycled or reused in 2025, gradually increasing to 75% in 2030. The scheme requires producers and importers to make it possible for consumers to give back their old textiles at any time and at no charge. Textiles producers must ensure that consumers know how to dispose of their old textiles and understand what happens to these items. Producers also have to report the volume of textiles they sell, reuse and recycle in the Netherlands. 
In France, the textiles EPR legislation has been in place since 2008. It sets collection and recycling targets for textiles including clothing, linens, curtains and footwear. By 2028, it aims to achieve a minimum of 60% annual collection of textiles waste, and to recycle 90% of the synthetic waste that comes from textiles each year. Producers, importers and distributors operating on the French market, including online retailers, are required to either enrol in a certified collection organisation or establish their own officially accredited collection and recycling program. 
While several other countries (such as Sweden, Spain, Italy, Norway, United Kingdom and Chile) are in the process of introducing textiles EPR schemes, the effectiveness of such schemes remain unclear. In France, the scheme has contributed to a threefold increase in textiles collection and recycling rates, with recovery rates reaching up to 90%. But while consumers are buying fewer clothes since the scheme began, the volume of clothes placed on the market has increased. Additionally, 80% of the textiles collected are exported to developing countries, many of which lack adequate waste management systems (Girling 2024).

	


In Australia, co‑regulatory and mandatory schemes in other sectors (such as the National Television and Computer Recycling Scheme (discussed in chapter 9) and Used Oil Product Stewardship Scheme) have been associated with increased private investment, reduced waste to landfill and increased materials recovery (DAWE 2020; Product Stewardship Centre of Excellence, sub. 159, p. 6). But heavier regulation of product stewardship schemes entails costs, including administrative costs for governments establishing, monitoring and enforcing the scheme. Under a mandatory scheme, as all businesses incur compliance costs to meet regulatory requirements, this may result in costs being passed onto consumers. And moving too fast to mandatory arrangements can reduce opportunities for businesses to join and ‘buy‑in’ to a voluntary or co‑regulatory scheme. 
As such, mandatory schemes have to date been established for products with particularly problematic waste streams, such as oil and e‑waste. Textiles and clothing waste does not have as hazardous properties as these more problematic streams. More time is also needed to determine whether the recent voluntary approaches to product stewardship for textiles will be effective in motivating industry change (without mandatory regulations). 
Clothing Stewardship Australia (CSA) commenced the operation of Seamless as a voluntary industry‑led scheme without government accreditation in 2024, and the ABSC Scheme commenced in 2023, and there is limited information on progress towards objectives and impacts on businesses and consumers. CSA is working with the Department of Climate Change, Energy, the Environment and Water (DCCEEW) to seek government accreditation of the voluntary scheme, as this is the next step in the current regulatory pathway, which may help encourage sector participation by demonstrating to businesses and consumers that the arrangement has the Australian Government’s stamp of approval (DCCEEW 2025c). 
To better understand the costs and benefits of regulation in textiles product stewardship schemes, the PC is seeking further information on the motivations of textiles businesses and retailers to join or not join existing schemes, experiences participating in these schemes, and suggestions for improving governance and transparency (information request 6.3). The PC invites further information on the extent government accreditation of existing voluntary schemes could help address concerns about lack of scheme participation (including experiences from other product stewardship schemes that have gained accreditation).
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	Information request 6.3
Textiles and clothing product stewardship schemes

	 The PC is seeking further information on:
the impacts of changing from a voluntary industry‑led scheme to a voluntary accredited, co‑regulatory or mandatory scheme, such as:
the value of potential environmental, economic and/or social benefits from greater government involvement in textiles and clothing product stewardship schemes
the size and nature of potential costs associated with this increase in government involvement
reasons for businesses and retailers to join or not join the Seamless and ABSC schemes, and what additional incentives or changes would encourage greater participation
businesses’ and retailers’ experiences of participating in textiles and clothing product stewardship schemes, including challenges faced and benefits gained 
limitations in current government accreditation arrangements and how they can be improved to implement effective voluntary schemes.
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	Key points
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	Resource extraction and mining waste can have significant negative effects on the environment.
Mining accounts for 86% of materials extraction in Australia and is Australia’s second largest producer of direct (scope 1) emissions. It produces more than four times the waste of all other sectors combined. 
Mining waste can contain valuable materials, such as critical minerals and strategic materials.
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	Companies adopt circular opportunities in exploration, extraction and processing for commercial reasons, once technologies reach sufficient readiness. However, there is lower uptake of circular opportunities that capture value from mining waste or repurposing mine sites. 
Mining companies have limited private incentives to repurpose mining waste for uses such as carbon capture or transform post‑mining land for higher‑value uses.
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	Governments currently support the mining sector to adopt circular practices in various ways.
Governments fund mining research and development.
Some governments also offer direct financial incentives for reprocessing mining waste.
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	The Productivity Commission is seeking views on how governments could facilitate greater uptake of circular economy opportunities for mining waste and alternative post‑mining land uses.
There are regulatory barriers affecting some of these opportunities, such as administrative burdens associated with obtaining permits for materials recovery and restrictions on transporting mining waste.
The PC is considering a reform direction to undertake a national assessment of mining regulations to identify and reduce barriers relating to opportunities for mining waste and repurposing closed mine sites.
The PC is also seeking information on other ways governments could enable circular economy opportunities for mining waste and alternative post‑mining land uses, such as targeted regional planning and development. 


[bookmark: _Toc190959806][bookmark: _Toc191395538]Overview of the mining sector
The mining sector extracts naturally occurring resources such as metal ores, coal, and natural gas, which it then supplies to the manufacturing sector for further processing into products and services such as steel and energy (ABS 2013). Mining involves exploration and planning, extraction, and sorting and basic processing (such as grinding and washing). This chapter does not examine opportunities in more advanced mineral processing. Mining activities produce various wastes such as overburden (soil and rock removed to access the desired commodity), waste rock, and tailings (fine particle residue left after the desired materials are removed during processing). 
Environmental impacts associated with materials mining
If not well managed, mining can have significant negative impacts on the natural environment, human health and wellbeing. Resource extraction, sorting and processing and the associated waste generated (such as mining tailings) can have local impacts. Developing and operating mine sites can significantly disturb local lands and waterways, resulting in air and water pollution, biodiversity loss, and soil erosion, which can in turn negatively affect human health, and social and cultural connections to the land (Leyton-Flor and Sangha 2024, p. 2). 
Mining’s impact on local land and waterways can remain long after a mine closes. Australia has over 50,000 abandoned mines (Salmi, Bekele and Schmid 2022, p. 6). Many of these pose contamination risks because they operated before regulators introduced modern environmental and safety practices (Abraham, Dowling and Florentine 2018, p. 123). Issues include various types of water pollution, such as acid mine drainage and cyanide leaching, and geotechnical instability caused by underground cavities (Salmi, Bekele and Schmid 2022, p. 11). Even modern mines that were subject to stricter environmental management can continue to have long‑term impacts on the landscape. For example, a 2017 research paper found fewer than 30 examples of fully rehabilitated and relinquished mines across Australia (Campbell et al. 2017, p. 10). 
Both the volume and types of waste produced during mining have raised environmental concerns. In 2020‑21, the mining sector produced 620 megatonnes (Mt) of waste, which was more than four times the waste of all other sectors combined. Mining companies deposited an estimated 96% of this waste in tailings dams and used most of the remainder to fill mine voids (DCCEEW 2022d, p. 17). Tailings and other mining waste contain significant amounts of contaminants. If mining companies do not properly manage tailings and other wastes, or if there is a failure in tailings storage facilities (TSFs), the waste can negatively affect water quality, surrounding soils, and the air (Salmi, Bekele and Schmid 2022, p. 11; University of Melbourne, sub 36, p. 8).
Mining processes are emissions‑intensive and make a sizeable contribution to Australia’s total emissions. Mining is the second largest producer of direct (scope 1) greenhouse gas emissions in Australia, producing 101 Mt CO₂e in 2021‑22. Mining also produced 24 Mt CO₂e in scope 2 emissions during 2021‑22. Scope 1 and scope 2 emissions from mining have grown considerably, by 64% and 94% respectively, since 2004‑05 (DCCEEW 2022c). 
Mining is one of Australia’s largest sectors
The mining sector is the largest producer of materials in Australia and one of the largest sectors in terms of output value (figure 7.1). Given mining accounts for 86% of domestic materials extraction, even small efficiency improvements or reductions in waste generation should have a significant impact (DCCEEW 2024d, p. 96; based on Miatto et al. 2024a, pp. 10–14). [footnoteRef:61]  [61:  The mining sector accounts for domestic extraction of all material categories except biomass. ] 

Figure 7.1 – Mining in the Australian economy
[image: This figure presents three statistics about mining in the Australian economy: 12% of Australin industry output is from mining, approximately 315,000 people are employed by mining, mostly in regional and remote areas and 2/3 of Australia’s merchandise exports by value are from mining.  ]
a. % of Gross Value Added (GVA) at basic prices, at current prices as of June 2024. b. Proportion of exports by value 
Source: ABS (2024a); DISR (2024c, p. 5); Jobs and Skills Australia (2024).
The Organisation for Economic Co‑operation and Development (OECD) Global Materials Resource Outlook projects that global demand for primary materials will double between 2019 and 2060, in response to population and per capita income growth (OECD 2019). However, studies have noted that there will be a change in the composition of demand as global mineral requirements for the clean energy transition increase. For example, CSIRO noted the transition toward clean energy technologies and electric vehicles has doubled the demand for critical minerals in the past five years (CSIRO 2024, p. 1). 
Shifts towards net zero and circularity in major export markets for Australian mining commodities, such as China and Japan, are expected to directly impact Australia by reducing demand for certain materials, such as coal (DISR 2024c, pp. 11, 134; Ogunmakinde 2019, p. 1). The recycling of some materials, such as metals, has the potential to reduce demand for other virgin materials but it is unlikely that recycled materials will fully meet demand in the near to medium term (AMEC, sub. 143, p. 1; Australian Aluminium Council, sub. 86, p. 1; Dominish, Florin and Wakefild-Rann 2021, p. iv; West, Ford and Meyers 2021, pp. i–iii). For example, CSIRO modelled global demand for metals used to make electric vehicles (EVs) from 2020 to 2060 under a range of scenarios (including various rates of metal recycling, technology change, and EV uptake). In all scenarios there was demand for virgin metals up to 2035 and, in most cases, demand continued up to 2050 (West, Ford and Meyers 2021, pp. i–iii). 
[bookmark: _Toc190959807][bookmark: _Toc191395539]Opportunities for greater circularity in mining
Circular economy opportunities associated with the mining sector arise during exploration, extraction and processing and in mining waste and post‑mining land use. To understand the applicability of these opportunities in Australia, the Productivity Commission considered the current and projected size of the sector and current levels of adoption of circular economy practices (chapter 3).
Exploration, extraction and processing phases
Lower‑impact and precision mining techniques
Lower‑impact and precision mining techniques enhance the precision of exploration and selectivity of extraction, thereby minimising waste volumes (CSIRO 2017, pp. 39–40, 47–48, 2023a, pp. 12–13). These techniques are used in the first three stages of the mining life cycle.
Exploration and planning: Digitally enhanced geological surveying techniques, advanced sensing and drilling technologies enable more precise ore body characterisation (identifying properties of an ore deposit, such as its minerology, size and shape). 
Extraction: Advanced extraction techniques enable more selective extraction of ores (for example, in‑situ recovery extracts metals from ore using a chemical solution, leaving the surrounding rock in place) and can help optimise blasting to better prepare ores for processing. 
Sorting and processing: Processing waste closer to the mining site and using advanced ore sorting technologies to separate out waste earlier in the process reduce the need to transport large amounts of waste materials. 
These technologies can have environmental and economic benefits by:
Reducing mining waste and its treatment costs, and lowering hazards to human health and biodiversity associated with TSFs and contaminants potentially entering the environment (CSIRO 2023a, pp. 12–13).
Reducing land disturbance, including by enabling the processing of lower‑grade ores in brownfield sites, rather than starting greenfield projects (Vernon 2020).
Reducing haulage and associated transport costs and emissions (CSIRO 2017, pp. 47–48). 
While these techniques have environmental and safety advantages, they may also introduce other environmental risks; for example, the chemicals used during in‑situ recovery have groundwater contamination risks (Taylor et al. 2004, p. 11).
Because of their transformative nature, many of these technologies are well‑suited for implementation to new projects, although some solutions can be implemented in operational mine sites (such as advanced ore sorting) (CSIRO 2023a, p. 12). Currently Australia has over 100 prospective mining projects, some of which could employ these technologies (MCA 2024). Given the cost reduction benefits, mining companies tend to adopt new techniques quickly once they reach sufficient maturity, as it is often in their commercial interests. Lower‑impact and precision mining techniques and technologies are continually advancing. For example, advanced sensors and high‑resolution scanning technologies are now commonplace in exploration and planning (Hodkiewicz 2024). In‑situ recovery is commercially mature in uranium mining but still at the pilot‑scale for other materials (CSIRO 2023a, p. 13). 
While there may be some gaps in technology readiness for newer processes that are yet to be deployed at commercial scale (CSIRO 2023a, p. 13), mining and mining equipment, technology and services companies are already investing heavily in research and development to remediate these gaps (MCA 2022, pp. 16, 20, 22). Governments also fund mining research and development, including into technologies that underpin circular economy opportunities (MCA 2022, pp. 22–23).
Life extension and re‑use of mining equipment
Keeping mining equipment in use for longer through maintenance, refurbishment and re‑use can reduce material consumption, on‑site waste and potentially upstream emissions in the mining machinery sector by avoiding or delaying the purchase of new equipment. 7% of mining machines globally are in Australia, creating a large potential re‑use market (Tunnicliffe 2024). 
In Australia, adoption of these opportunities is already widespread. Repair is more likely for expensive machinery, such as mining equipment, as it is not cost-effective to replace when it could be repaired (PC 2021b, p. 29; Wiseman, sub. 40, p. 2). Mining companies often have internal repair and maintenance capacity and Australia has a robust mining equipment repair industry, with demand for mining machinery repair and maintenance increasing in recent years (IBISWorld 2025). An inquiry participant observed that companies are already offering ‘products designed for repair and refurbishment, with a strong emphasis on preventative maintenance’ as well as some offering product‑as‑a‑service models (Greater Whitsunday Alliance, sub. 109, p. 11). 
Mining waste and post‑mining land uses
Recovering mineral resources from mining waste
[bookmark: _Hlk187849123]Valuable materials, such as critical minerals, can be recovered from some mining waste (DISR 2024a). Traditionally, mining operations only focused on one or two primary commodities, ignoring co‑occurring metals that were not valuable at the time (AMEC, sub. 143, p. 4). As a result, a large number of TSFs and waste stockpiles may contain minerals that have since become highly valuable or strategically critical, such as cobalt and tungsten (AMEC, sub. 143, p. 4; CSIRO 2023a, p. 16; Greater Whitsunday Alliance, sub. 109, p. 10; University of Melbourne, sub. 36, p. 8). A 2022 study identified 1090 TSFs in Australia (331 active and 759 inactive) (Sarker et al. 2022, p. 1), which could potentially be mined for critical minerals. 
Uptake of this opportunity will depend on the economic viability of recovering materials. This is influenced by factors such as the value of the materials being recovered, concentration in tailings, ease of extraction and availability from other sources. For example, cobalt is in high demand from Australia’s strategic international partners, as it is essential to modern technologies (DISR 2024a; SACES 2024, p. 56). Therefore the balance between extraction costs and market prices is shifting to favour recovery (SACES 2024, p. 56). Extracting valuable materials from mining tailings increases economic value per tonne of materials used, thereby enhancing materials productivity (DCCEEW 2024d, p. 96). 
Recovering mineral resources from mining waste can also have environmental benefits. For example, reprocessing tailings can reduce the among of toxic materials entering the surrounding environment. However, these processes are sometimes very energy‑intensive (and hence emissions‑intensive) (Adrianto et al. 2023, p. 11). 
Recovering minerals from waste is still an emerging practice in Australia (Kinnunen and Kaksonen 2019, p. 157). In Mt Morgan in Queensland, Heritage Minerals has set up a project to recover gold from its tailings legacy mine, which has significant waste and tailings stockpiles that are contaminating the nearby waterways (Heritage Minerals nd). The Northern Australia Infrastructure Facility reports that the project will result in $849 million in economic benefits to northern Australia (NAIF 2022). 
Recycling mineral wastes
Some types of mining waste, such as mine waste rocks and tailings, can be an input for other sectors such as construction (AMEC, sub. 143, p. 5; Hunter Joint Organisation, sub. 172, p. 5). Potential options include recycling into higher‑value silica‑sand products (ore‑sand), low‑carbon geopolymer concrete, and mineral fertilisers, or downcycling for backfilling and road construction (Golev et al. 2022, p. 4; MRIWA 2024a). In addition to revenue from selling this material, recycling mine waste rocks and tailings also helps mining companies reduce onsite risks associated with large waste and tailing stockpiles, such as acidic and metalliferous drainage (CSIRO 2023a, p. 14). It can also reduce environmental impacts associated with extracting virgin materials (Golev et al. 2022, p. 3).
Recycling rates for mineral wastes are generally low but vary by material and recycling methodology. For example, there are multiple Australian examples of recycling waste rock for construction (AMEC, sub. 143, p. 5). Other opportunities, such as producing ore‑sand from tailings, have limited adoption as they are still in the research and development phase (Australia’s Economic Accelerator 2024; Golev et al. 2022, pp. 88–89).
Repurposing mining tailings for carbon capture 
In the mining sector, there are emerging carbon capture techniques that have the added benefit of making tailings easier to recycle for other uses, such as building materials (MCi Carbon, sub. 119, p. 3). These benefits arise from mineral carbonation, a natural process whereby CO2 binds to minerals in the earth’s crust and is captured permanently. In a mining context, mineral carbonation can occur passively (for example on the surface of mine tailings) or in an accelerated manner using specialised technology (Srinivasan et al. 2021, pp. 46–48), either on the mine site (in‑situ) or offsite (ex‑situ). Onsite mineral carbonation involves injecting carbon into target rocks or tailings. Offsite mineral carbonation involves transporting the tailings to a dedicated facility where the reactions take place via a controlled industrial process (Fitch, Battaglia and Lenton 2022, p. 181). 
CSIRO researchers have estimated that ex‑situ mineral carbonation could sequester as much as 36 Mt of carbon per year by 2050, which is equivalent to about one third of the mining sector’s scope 1 emissions in 2021‑22 (based on DCCEEW 2022c; Fitch, Battaglia and Lenton 2022, p. 183). Technology to accelerate mineral carbonation is currently only available at demonstration‑scale, with commercial‑scale applications expected in the next decade (MCi Carbon, sub. 119, p. 4). Passive mineral carbonation has been demonstrated in tailings at the BHP Mount Keith Mine in Western Australia. In November 2023, BHP started a project with Canadian company Arca to pilot their accelerated mineral carbonation technology (Austrade 2024). 
Reducing and recycling non‑mineral waste
Mining operations and support services also generate non‑mineral waste. These can range from plastic packaging, to decommissioning waste, to tyre and conveyor belt waste (tyres are discussed in chapter 8). The non‑mineral waste generated by mining appears less significant than mineral mining waste, both in volume and nature.
There is limited data on the extent to which non‑mineral waste is recycled. CSIRO indicates that commercial uptake of recycling solutions is limited and that ‘depending on the economics of the mine location and the volume of these materials, they may be disposed of in a landfill or buried onsite’ (CSIRO 2023a, p. 20). However, there are some examples of mining companies adopting strategies to avoid or recycle non‑mineral waste. For example, Fortescue has implemented several initiatives including working with suppliers to avoid single‑use packaging; processes for recycling metals, hydrocarbons and plastics; and establishing a container deposit scheme across mine sites (AMEC, sub. 143, p. 9). 
Alternative post‑mining land uses
While mines operate at specific locations for a limited time, their effects on the local environment and economy can persist long after the site has closed (Beer et al. 2022, p. 9). Traditionally, when a mine closes, the goal of site rehabilitation is to return it to a safe, stable and non‑polluting landform suitable for its pre‑mining use (such as agriculture) (EnviroMETS QLD 2023, p. 5). However, there are opportunities for alternative uses that re‑purpose elements of mining infrastructure for social, economic and environmental benefit, such as clean energy projects, recreational, educational or scientific facilities (AMEC, sub. 143, p. 6; Beer et al. 2022, p. 21). These alternatives make use of the unique characteristics of existing mine infrastructure to create economic opportunities, while also reducing risks to humans and the local environment (Salmi, Bekele and Schmid 2022, p. 9,11), and supporting broader regional development objectives for communities in economic transition (box 7.1). 
There are only a handful of Australian examples of mining companies or third parties re‑purposing closed mine sites for alternative social or economic uses (AMEC, sub. 143, p. 6; Beer et al. 2022, p. 21; CSIRO 2023a, p. 38). One such example is the Stawell Underground Physics Laboratory, which was built in an unused portion of an operational gold mine in Victoria. The existing mine facilities enabled the laboratory to be located 1km underground, creating optimal conditions for research into dark matter, neutrinos and geoscience (CSIRO 2023a, p. 38).
Based on the number of mine sites in Australia, the potential for repurposing closed mine sites for alternative social or economic uses appears significant. As of 2020, Australia had over 50,000 closed and abandoned mines and almost 240 existing Australian mines are expected to close by 2040 (CSIRO 2023a, p. 2; Salmi, Bekele and Schmid 2022, p. 9). CSIRO estimates that expenditure on mine rehabilitation and closure activities could exceed $4 billion each year (CSIRO 2023a, p. 2).

	Box 7.1 – Post‑mining land uses in the context of regional development

	Many regional areas in Australia are highly reliant on mines for employment and local business activity (such as food, accommodation and healthcare services), which in turn support the local economy and enhance the quality of life for residents. Mine closures can therefore have major economic and social impacts on the surrounding communities and broader regions (CRC TiME 2025). Job losses can affect those working on mines, and workers providing essential services for remote populations (Blackwell, McFarlane and Fischer 2017, p. 3). Mine closures also can significantly reduce economic activity in the broader region, creating a social and economic imperative to repurpose mine sites to sustain the local economy (Beer et al. 2022, pp. 10–11) and increase economic diversity in the region.
Community and government involvement in decisions about mine closure helps facilitate a successful transition (ICMM 2019, p. 5). While mining companies have some incentives to re‑purpose mines through reduced rehabilitation costs and reputational benefits, broader community involvement facilitates future land uses that align with the strengths and aspirations of people remaining in, or with a connection to, the region. For example, Aboriginal and Torres Strait Islander people, local communities, and economic development agencies may all have significant interest in using the mine’s land or infrastructure (Beer et al. 2022, p. 10). 
Latrobe Valley: a case study of post‑mining land uses forming part of regional planning
In Victoria’s Latrobe Valley, state and local governments and the local community are helping guide post‑mining land use planning, as part of broader regional development planning and investment. All three large open‑cut brown coal mines in the Latrobe Valley will cease operations for the purpose of electricity generation by 2035. When they are rehabilitated, this will make around 130 km2 of land available for repurposing (CRC TiME 2024a; Haque, Reeves and Foran 2024). 
These closures are occurring in the context of the Latrobe Valley needing a broader regional transformation away from coal mining and coal‑fired power generation, towards other economic opportunities, including those created by the available post‑mining land. The Cooperative Research Centre for Transformations in Mining Economies (CRC TiME) is supporting a collaborative planning project that proposes future land use options for post‑mining lands that are supported by key stakeholders and address a range of community benefits, including Aboriginal and Torres Strait Islander people’s aspirations. The project incorporates existing regional strategies and plans, aiming to support broader regional economic development (CRC TiME 2024a; Haque, Reeves and Foran 2024). 

	


[bookmark: _Toc190959808][bookmark: _Toc191395540]Policy interventions to address barriers to circularity
Existing government measures to encourage circularity in mining 
There are already various government policies that encourage circular activities in mining. Several governments provide financial incentives for projects that involve reprocessing mining waste. 
The Tasmanian Government is developing a fixed term royalty rebate scheme, the Minerals Royalty Rebate Scheme, to incentivise the reprocessing of historic mine tailings and the re‑commencement of mining operations at brownfield sites, where project proponents can demonstrate environmental benefits (Premier of Tasmania 2024).
The Australian and NSW Governments provide incentives for critical minerals production, which indirectly encourage circular practices insofar as most projects that recover minerals from mining tailings focus on critical minerals. These are the national Critical Minerals Production Tax Incentive and the NSW Government’s deferred royalty scheme for critical minerals projects (King 2024; NSW DPIRD 2024, p. 27). 
The Australian, state and territory governments also fund mining research and development, including into technologies that underpin circular economy opportunities. Key mining research bodies such as the Minerals Research Institute of Western Australia (MRIWA) and Sustainable Minerals Institute (SMI) conduct research into circular mining practices such as alternative uses of tailings and waste (MRIWA 2024a; SMI 2024a). For example, the Mine Waste Transformation through Characterisation research stream at SMI has discovered sources of cobalt, indium, antimony and rare earth elements in Australia’s mining waste (SMI 2024b). CSIRO also makes significant contributions to mining research and innovation in the circular economy space. For example, they developed NextOre, a precision mining technology that uses magnetic resonance imaging for advanced sorting of mineral ores (MCA 2022, pp. 22–23). CSIRO has also provided skills and capability support to new precision mining companies (CSIRO 2021b). 
Some studies have identified information and technology gaps as barriers to opportunities for mining waste, such as recovering minerals from tailings (Araujo et al. 2022, p. 12; Kinnunen and Kaksonen 2019, p. 155). However, significant investment in research and development in these opportunities through several Australian research institutes, reduces the likelihood that additional intervention would maximise benefits (Copp 2022; MRIWA 2024a; SMI 2024a). The Australian Government also financially supports both pilot and commercial scale projects for circular economy activities in mining. For example, MCi Carbon secured a $14.5m Carbon Capture Technology Grant in 2024 for a mineral carbonation demonstration plant (MCi Carbon, sub. 119, p. 3). Heritage Minerals was awarded a NAIF loan of up to $66m to build a tailings processing plant and associated infrastructure at the legacy Mount Morgan mine (NAIF 2022). 
Barriers to circular opportunities in mining
Distance, costs and regulation are barriers to circular economy opportunities for mining waste
The tyranny of distance is a disincentive to mining waste recovery and reprocessing (DCCEEW 2024d, p. 97). Most mines are located in remote areas, far from potential end markets for reused or recycled mining waste, leading to significant transport and logistics costs when selling waste.[footnoteRef:62] The geographic dispersion of mines and low concentrations of recoverable elements can also prevent mining companies from achieving sufficient economies of scale in waste processing capacity to make these operations profitable (Centre of Decommissioning Australia, sub. 46, p. 10; Kinnunen and Kaksonen 2019, p. 157).  [62:  Greenhouse gas emissions associated with bulk, long-distance transportation may also limit the environmental benefits of such operations and could attract additional costs through carbon pricing mechanisms.] 

The low economic value of some mining waste materials can also make recovery and reprocessing uneconomic (Kinnunen and Kaksonen 2019, p. 157). For example, the commercial viability of selling recycled tailings for use in construction materials is limited by the availability of cheaper alternatives made from virgin materials (Araujo et al. 2022, p. 11). Demand is also limited for recycled non‑mineral mine waste, for example, there is little demand for recycled plastics (Anderson and Gbor 2024, p. 1). 
These economic barriers do not affect all materials to the same extent. For example, the projected increase in demand for critical minerals is making recovery projects for these minerals more economically attractive to mining companies despite the costs (DISR 2024c, p. 11). Growing global demand for sand has prompted universities and mining companies to start developing techniques for producing ore‑sand from mine tailings (Australia’s Economic Accelerator 2024; Golev et al. 2022, p. 3). As highlighted by an inquiry participant, ‘the challenge is to find the right mix of policy and technology solutions to make recovery [of valuable minerals] economic’ (University of Melbourne, sub. 36, p. 8).
There are also economic barriers to investment in research and uptake of carbon capture through mineral carbonation. The Australian Carbon Credit Unit (ACCU) Scheme (chapter 5) does not include an approved method for awarding carbon credits for carbon capture through mineral carbonation. The MRIWA has argued the inability to claim carbon credits for carbon capture through mineral carbonation can limit the financial viability of this opportunity (2024b, p. 49). The Climate Change Authority noted a range of measures would be needed to reduce the cost of engineered removal technologies (such as mineral carbonation) to make them financially viable, and that adding methods under the ACCU Scheme could support their development (Climate Change Authority 2023, p. 70). [footnoteRef:63]  [63:  Similarly, under the Safeguard Mechanism, eligible facilities cannot accumulate and sell Safeguard Mechanism Credits (SMCs) associated with capturing carbon through mineral carbonation. The Safeguard Mechanism is the Australian Government's policy for reducing emissions at Australia's largest industrial facilities (DCCEEW 2024s). It offers SMCs to facilities that fall below an emissions baseline, which can be sold to other Safeguard facilities (DCCEEW 2024s). Carbon capture for permanent storage can be deducted from a facility’s estimation of emissions, so could theoretically be used to bring them below their baseline to accrue SMCs. However, carbon captured via mineral carbonation is not included in the current definition of permanent storage in Division 1.2.3 of the National Greenhouse and Energy Reporting (Measurement) Determination 2008.] 

The cost of navigating regulation can also affect the viability of projects recovering and processing materials from mining waste (Greater Whitsunday Alliance, sub. 109, p. 13). For example, Australian industry representatives have indicated that the administrative burden associated with obtaining permits for materials recovery can be similar to the burden of obtaining permits when establishing a new mine (Kinnunen and Kaksonen 2019, p. 156). A report for the WA Government observed: 
… using mine waste materials for any application, other than that outlined in the mine closure plan, will require not only an update and review of the mine closure plan, but the mine waste materials removed from the tenement will also be subject to the payment of royalties…This additional administrative and financial burden on mining tenement holders may hamper the use of mine waste materials (LeGrand 2023, p. 11).
The Greater Whitsunday Alliance (sub. 109, p. 13) noted that regulations regarding mining waste can prevent mining companies from returning materials back to suppliers (for example pallets, protective film).
Mining regulations limit circular economy opportunities in alternative post‑mining land uses
There are regulatory barriers to reusing or repurposing closed mines and their infrastructure. Traditionally, governments and regulators have preferred mining companies return land to its pre‑mining state following mine closure, usually requiring rehabilitation of mined land and removal of mine assets such as infrastructure (CRC TiME 2024b, p. 4). When a mine closes, the mine operators must comply with state or territory (and in some cases Commonwealth) standards and criteria for site rehabilitation (Allens 2020, p. 11). [footnoteRef:64] These are typically set out in the approved rehabilitation plan during the first environmental impact assessment, which is prepared before the mine is constructed. Some jurisdictions, such as Queensland, have introduced legislation to require the progressive rehabilitation of mined land (QLD DETSI 2022).  [64:  State and territory governments usually require security bonds, or annual levies to a pooled fund, to be provided in advance of mine construction, to guarantee the company meets its rehabilitation obligations (Kerrigan and Leary 2022).] 

Current regulatory approaches to mine closure often focus on managing liabilities from post‑mining land and infrastructure rather than viewing them as potential assets (EnviroMETS QLD 2023, p. 7). The preference for returning post‑mining land to its pre‑mining state is generally driven by legitimate concerns about risks (safety, environmental and otherwise) that arise when a mine is not closed properly. In jurisdictions where mine operators can update mine closure plans to facilitate an alternate post‑mining land use, additional regulatory approvals are required (Department of Regional NSW 2023, pp. 13–14).
However, the focus on returning land to its pre‑mining state creates barriers to economic and environmental opportunities from alternative uses of post‑mining land and infrastructure (CRC TiME 2023, p. 2). For example, a 2023 study found that despite Queensland Government officials helping industry navigate existing regulatory frameworks, the Queensland Environmental Protection Act 1994 (EP Act) ‘appears unable to consider the net environmental benefit of a PMLU [post‑mining land use], or secondary mining activity, and as a result potential net environmentally positive PMLU projects fail to proceed’ (EnviroMETS QLD 2023, p. 9). But regulatory changes to facilitate more alternative post‑mining land uses would also have associated enforcement costs, which would have to be assessed relative to benefits. 
While mining companies and third parties can propose alternative higher‑value uses for mine sites, existing operators typically do not have a commercial reason to invest in these alternative uses, and the associated risks act as major obstacles (EnviroMETS QLD 2023, p. 8; Kragt and Manero 2021, p. 4). Mine operators may also risk their security bonds if they are unable to meet appropriate environmental standards through the alternative land use. New operators wishing to repurpose the site must engage with a variety of regulatory agencies, which may have competing ideas and interests for the post‑mining activity. They may also risk taking on legacy environmental liabilities from previous operators (EnviroMETS QLD 2023, p. 9; PC 2020b, p. 230). 
Policy reform directions
The priority circular opportunities for mining relate to mining waste and post‑mining land uses. The adoption of circular economy opportunities in the exploration, extraction and processing phases of the mining life cycle is already relatively widespread in Australia. In contrast, circular economy opportunities in mining waste and post‑mining land uses appear to have significant potential to increase materials efficiency, with scope to grow due to their lower rates of adoption. As discussed below, there are also potentially unnecessary impediments to adopting these activities arising from current regulations, which governments could address. 
Despite the potential benefits of repurposing mining waste for carbon capture through mineral carbonation, the PC is not suggesting a policy reform direction in this area. This in part reflects the recency of the government’s decision to transition towards a proponent‑led ACCU method development process, in response to a recommendation from the Independent Review of ACCUs (Chubb et al. 2022, p. 10). This change was made to ‘streamline method development and encourage greater uptake of bespoke method activities’ (Chubb et al. 2022, p. 11). The Australian Government also supports the development of emerging technologies for carbon abatement through investment in research, such as through CSIRO’s CarbonLock Future Science Platform, and through grant programs, such as the Carbon Capture Technologies Program (CSIRO nd; DCCEEW 2024c).
Reducing regulatory barriers to circular economy opportunities for mining waste and alternative post‑mining land uses
Environmental regulation, planning and approval processes are necessary to keep mining companies accountable for managing mining waste, mine rehabilitation and closure in an environmentally responsible and safe manner. However, they can add unnecessary compliance burden if they are overly restrictive (for example, not risk‑based) or do not evolve with changing circumstances. This can discourage mining companies from pursuing circular economy opportunities in mining waste and post‑mining land uses.
Past studies and inquiry participants have suggested various regulatory barriers, often without details on the specific regulations (nor on other impacts of removing the regulatory barriers). These suggested impediments include some states applying:
regulatory processes that result in mining operators removing potentially valuable mine assets, such as infrastructure, as part of the mine closure process (CRC TiME 2024b, p. 4)
regulations that mean existing mining operators take on new risks when accommodating alternative uses of mine sites after closure (EnviroMETS QLD 2023, p. 8; Kragt and Manero 2021, p. 4), which reduce incentives for mines to consider these options
regulations that can shift legacy environmental liabilities from previous operators onto new operators when taking over a site to enable circular opportunities, such as reprocessing waste or implementing an alternative post‑mining land use (EnviroMETS QLD 2023, p. 8; PC 2020b, p. 230) 
responsibilities established under both environmental and safety legislation can, in combination, make it difficult for multiple operators to coexist on a mine site, creating barriers for circular economy opportunities such as having a secondary operator recovering resources from mining waste[footnoteRef:65] (Queensland Department of Natural Resources and Mines, Manufacturing and Regional and Rural Development, pers. comm., 29 January 2025)  [65:  In Queensland, relevant safety and environmental regulations are based on a traditional single operator model, which can make coexistence on a mine site difficult. The Mining and Quarrying Safety and Health Act 1999 (Qld) requires one Site Senior Executive to have ultimate responsibility for the health and safety of all persons on the mine site, adding complexity if there are multiple operators. Companies must be granted an environmental authority before carrying out activities relating to a mining lease (Queensland Law Reform Commission 2023, p. 13). The regulator’s preference is to have one company accountable per mine site, to reduce uncertainty around responsibilities and the risk that environmental obligations are not met (Queensland Department of Natural Resources and Mines, Manufacturing and Regional and Rural Development, pers. comm., 28 January 2025).] 

restrictions on transporting mining waste, including non‑hazardous wastes such as pallets (Greater Whitsunday Alliance, sub. 109, p. 13), which prevent reuse opportunities
mining royalties on the recovery and recycling of mining waste (LeGrand 2023), at levels affecting the cost‑effectiveness of these activities.
Given the significance of opportunities related to mining waste and repurposing closed mine sites, the PC is considering a reform direction around assessing whether there is scope to reduce regulatory barriers to adoption without compromising environmental value and safety. 
The PC is not undertaking a wide‑reaching review of the extensive state, territory and Australian government policies and regulations affecting these circular economy opportunities, but is seeking information on specific areas of investigation or questions for the assessment. The PC intends to engage with state and territory governments to better understand the jurisdiction‑specific elements of these issues. Some governments are already exploring options that may better facilitate circular economy opportunities in mining. For example, the Queensland government is conducting a review of its regulatory framework to facilitate secondary prospectivity for critical minerals (Queensland Government 2023, p. 15). In New South Wales, there is an ongoing parliamentary inquiry into beneficial and productive post‑mining land use (Parliament of New South Wales 2024). In Western Australia, the Land and Public Works Amendment Act 2023 introduced a new land tenure option called a diversification lease. This lease enables multiple activities to co‑exist on the same land, which may facilitate circular opportunities such as re‑using mining infrastructure for renewable energy projects (Government of Western Australia 2024). 
The PC is also seeking to understand whether reducing regulatory burdens would be sufficient to meaningfully increase the uptake of these opportunities, or whether other government interventions could support (such as improved regional planning and development, stricter standards on the production and storage of mining waste or financial disincentives, such as a mining waste levy). 
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	Reform direction 7.1
Reducing regulatory barriers to circular economy opportunities for mining waste and alternative post‑mining land uses 

	The PC is considering whether there is scope to reduce regulatory barriers related to circular economy opportunities in mining waste and repurposing land post‑mining. An assessment of these barriers across state, territory and Australian government policies could consider: 
processes and permissions required to re‑mine or re‑purpose mining tailings
regulations and practices that make it difficult for multiple operators to co‑exist on a mine site 
restrictions on transporting mining waste
regulation and practices that maximise net environmental, economic and social benefits from mine transitions, including repurposing infrastructure associated with mine sites
regulations limiting the ability of new operators to take on mine sites for alternative higher‑value uses, such as liabilities for legacy environmental impacts.
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	Information request 7.1
Reducing regulatory barriers to circular economy opportunities for mining waste and alternative post‑mining land uses

	The PC is seeking further information on:
specific examples of regulations that have impeded circular economy opportunities for mining waste or alternative uses for closed mine sites, and the expected benefits, costs and risks of reducing regulatory barriers (including quantitative analysis, where available)
potential solutions to regulatory barriers, such as new regulatory frameworks or legislative changes
specific areas of investigation or questions for an assessment of regulatory barriers related to mining waste materials recovery and repurposing closed mine sites
the extent to which addressing regulatory barriers would increase the uptake of circular economy opportunities for mining waste and alternative post‑mining land uses (including quantitative estimates, if available), or if other barriers would still prevent meaningful uptake. 
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	Information request 7.2
Ways governments could facilitate circular economy opportunities for mining waste and alternative post‑mining land uses 

	The PC is seeking further information on:
ways that governments could better facilitate circular economy opportunities for mining waste and alternative post‑mining land uses, such as improvements to regional planning and development, applying stricter standards on the production and storage of mining waste, or introducing disincentives for producing mining waste, such as mining waste levies
the benefits, costs and risks associated with these options (including quantitative analysis, where available). 
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	Key points
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	Vehicles make a sizeable contribution to Australia’s materials use. There are 22 million vehicles in Australia and circular opportunities relating to vehicle bodies, tyres and electric vehicle (EV) batteries.
Vehicles are a significant source of direct (scope 1) emissions, with cars, light commercial vehicles, trucks and buses accounting for 18% of Australia’s total emissions.
Tyres, EV batteries and, to a lesser extent, vehicle bodies, pose environmental, health and safety risks related to their disposal.
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	Australia’s very small domestic vehicle manufacturing industry and small share of the global market for vehicles has meant that circular initiatives have mainly targeted the end of the product life cycle. 
Australian, state and territory government legislation addresses aspects of waste tyre storage, reuse, disposal and export. 
Industry initiatives such as the National Tyre Product Stewardship Scheme, accredited by the Australian Government, also promote the development of viable markets for end‑of‑life tyres in Australia. Despite this, recovery rates of off‑the‑road tyres remain low at 13%. Increasing recovery of these tyres would provide a higher quality feedstock and improve the range and quality of recycled tyre products. 
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	There is an opportunity to establish a robust end‑of‑life EV battery industry in Australia based on a reuse‑repurpose‑recycle model. 
Barriers to overcome include inconsistent EV battery design, current lack of feedstock, safety risks and technological challenges.
Given the projected growth in the volume of end‑of‑life EV batteries, a co‑regulatory product stewardship scheme with both industry and government involvement could have net benefits to the community. Such a scheme could include a digital passport to improve traceability, regulations on second‑use battery quality and standards for transporting, storing and processing end‑of‑life EV batteries.
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This chapter examines the opportunity to improve materials productivity and efficiency in vehicles through circular economy activities relating to tyres, vehicle bodies and electric vehicle (EV) batteries.
Efficient, low‑emission transport assists circular transformation
The transport sector is an important enabler of the shift to a circular economy, as it facilitates flows of materials and workers. For example, prefabricated materials are transported to site to be constructed into homes (chapter 4) and food donations are transported to charities for distribution (chapter 5). In addition to its role in facilitating circular activities in other sectors, there are also opportunities to further circularity in transport itself, for passenger and freight transport modes, and fuels.
Significantly increasing the uptake of passenger transport modes such as public transport, vehicle‑sharing and ridesharing can improve sustainability outcomes. However, uptake depends on broader factors such as population and urban density. While governments do have policy levers to influence these factors, the implications of changes extend far beyond circularity and materials use.
For logistics and freight services, circularity could be improved by minimising fuel usage and increasing vehicle use through optimising transport routes. However, individual firms are already incentivised to minimise operating costs by optimising the use of their fleets and minimising fuel usage and transport‑related emissions. As such, there is relatively limited opportunity to directly improve circularity in freight and service operations. However, transport infrastructure and land use planning (chapter 4) fundamentally influence system‑wide logistics and freight activity. Place‑based approaches (chapter 10) also create potential opportunities for logistics‑related circular outcomes.
Across all levels of government, significant policy attention has been given to fuel efficiency and sustainability, due to their importance in reaching emissions reduction targets. Fuels are also a relatively significant contributor to materials consumption in Australia (Miatto et al. 2024a, p. 11). For some modes of transport, such as passenger vehicles, reduced fuel consumption can be achieved through fuel efficiency and electrification. For other, larger, modes of transport, such as those used in freight and logistics, circular opportunities exist in adopting renewable fuels such as biodiesel and sustainable aviation fuel, using waste products as feedstocks (CSIRO 2023b, p. 40; SAFAANZ and CFA, sub. 115, p. 2). The adoption of renewable fuels is being supported by the establishment of the Jet Zero Council, the publication of the Aviation White Paper, and consultations on the Transport and Infrastructure Net Zero Roadmap and Low Carbon Liquid Fuels Standards.
To improve the uptake of EVs, the Australian Government is currently working on the Transport and Infrastructure Net Zero Roadmap and Action Plan and has released the New Vehicle Efficiency Standard and National Electric Vehicle Strategy. State and territory governments have also provided businesses and households with incentives to support the uptake of EVs (NSW Treasury 2024; QRIDA 2024). Local governments have supported the installation of EV charging stations, procured EVs for council fleets and committed to designing disincentives to reduce the use of high‑emitting vehicles (Cities Power Partnership nd; Electric Vehicle Council 2020, p. 30).
Focusing on specific circular opportunities for vehicles
Some aspects of transforming the transport sector are already underway and are being addressed by current policies (or those in development). In this interim report, the Productivity Commission is examining opportunities to further the circular economy specifically in the production, consumption and disposal of vehicles. Circular opportunities in constructing road infrastructure are discussed in chapter 4, using organic waste as feedstock for biofuels is discussed in chapter 5 and transport’s role in place‑based precincts and hubs is discussed in chapter 10.
In addition to providing circular economy opportunities, vehicles are also economically significant (chapter 3). By providing mobility, vehicles play a major role in the day‑to‑day lives of Australians contributing to the economy through work, study or recreation. In 2023, 1.2 million new passenger and commercial vehicles were sold, and in January 2024, there were 21.7 million registered motor vehicles (BITRE 2024, p. 5; FCAI 2024, p. 9). This equates to nearly as many motor vehicles as people in Australia. Vehicle upkeep also plays a prominent role in the economy. In 2018, the motor vehicle repair industry generated around $22 billion in business revenue, making up approximately two‑thirds of total repair industry revenue (PC 2021b, pp. 64, 67).
Environmental impacts and materials footprint
The main environmental impact of vehicles is their greenhouse gas emissions during use. In 2022, the transport sector was responsible for 21% of Australia’s emissions (CCA 2024, p. 45). Of this, cars, light commercial vehicles, trucks and buses contributed 85%, and accounted for 18% of Australia’s total emissions (based on CCA 2024, pp. 45, 207).
With the expected increase of EVs on Australian roads, the disposal of EV batteries at the end of their life is becoming an emerging environmental and policy issue. EV batteries are large lithium‑ion batteries and pose a significant risk to safety and the environment at the end of their useful life (Christensen et al. 2021, p. 6). While there is currently a low volume of EV batteries reaching their end of life, the way in which smaller lithium‑ion batteries are currently managed at end‑of‑life (discussed further in chapter 9) gives an insight into the risk that bigger EV batteries pose. In Australia, there is currently little capacity for the end‑of‑life processing of lithium batteries, resulting in stockpiling in warehouses, disposal into landfill or exportation (Lithium Australia, sub. 17, p. 2). This poses a significant fire risk, particularly if the battery is damaged.[footnoteRef:66] In addition, the landfilling of EV batteries can contaminate the surrounding environment through toxic chemicals leaching into the soil and groundwater (Zhao et al. 2021, p. 8).  [66:  The fire risk is largely associated with lithium nickel manganese cobalt (NMC) batteries. This risk is reduced with lithium iron phosphate (LFP) batteries. It is likely that both types of batteries will be used in future due to their varying features. While LFP batteries are more cost-effective and safer, NMC batteries offer greater power and range (Perdana et al. 2025, p. 1). ] 

Similar risks are associated with the end‑of‑life management of tyres. Tyres have caused large‑scale fires that produce hazardous smoke, are hard to extinguish and costly to clean up (TSA 2024c, p. 12). In 2016, a large fire involving 150,000 tyres broke out at a recycling facility in metropolitan Melbourne, which significantly diminished air quality in neighbouring areas over the course of 24 hours (EPA Victoria 2016, p. 1). Additionally, stockpiled tyres provide a suitable environment for vermin to breed, negatively impacting the local biodiversity and putting human health at risk (TSA 2024c, p. 10).
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Circular economy opportunities within the vehicles sector vary at each stage of the product life cycle. Australia has a very small vehicle manufacturing industry and no tyre manufacturing industry. Therefore, opportunities to improve materials productivity and efficiency for vehicles and tyres are concentrated in the use and end‑of‑life phases of the product life cycle (figure 8.1). To understand the applicability of these opportunities in Australia, the PC considered the current and projected size of the relevant market sector to which each opportunity related and the current levels of adoption (chapter 3).
At the design stage, there is limited scope for Australian consumers or producers to influence activities that can fulfil circular objectives. This is partly due to the absence of a domestic manufacturing industry for both cars and tyres (FCAI, sub. 85, p. 13; TSA, sub. 148, p. 1). In addition, Australia is a relatively small share of the global market for vehicles, and hence has limited influence on global vehicle makers’ design decisions.

Figure 8.1 – Australian activity in the vehicle life cycle is concentrated in the use and end‑of‑life phases
[image: This figure provides details on Australia’s involvement in different parts of the vehicle life cycle. At the design stage, Australia has little to no direct involvement in the design of vehicles. At the production stage, Australia produces and exports raw materials that are used in the manufacturing of vehicles. However, no cars are manufactured in Australia, and there is only a small truck and bus manufacturing industry. At the use phase, there is lots of Australian activity with over 22 million vehicles registered in Australia and 1.2 million new vehicles sold in 2023. At the recirculation stage, there is some Australian activity. There is a high level of vehicle repair and maintenance. When a vehicle reaches its end-of-life, some parts of the vehicle are recycled and reused while other parts are disposed of in landfill. ]Source: BITRE (2024); FCAI (2024).
In the use phase, consumer incentives are well‑aligned with circular goals – owners of vehicles generally want their vehicles to last longer, and so look after them. This is supported by a widely‑accessible vehicle repair industry (PC 2021b, p. 67). Consumers regularly service their vehicles and usually choose to repair when functionality is impeded. This is driven by the need for reliability, safety and prevention of costly future repairs, as well as the cost‑effectiveness of repair compared to replacement. Some vehicle retailers are competing based on the repair and maintenance services associated with the vehicles they sell, for example by offering extended warranties and capped price (or free) servicing for new car purchases (ACCC 2017, p. 39). 
The relative costs of disposal and recovery options significantly influence decision‑making by consumers and retailers in relation to vehicle end of life. Factors such as landfill levies and the value of recovered materials and products impact these decisions (FCAI and MTAA 2024, p. 12). In addition, regulations such as Victoria’s landfill ban on whole tyres and environmental concerns influence decisions on disposal and materials recovery (FCAI, sub. 85, p. 5). 
With limited Australian involvement in vehicle design and manufacturing, and well‑aligned incentives in consumption, the end‑of‑life stage provides the greatest opportunity to further circular economy objectives in Australia. These opportunities particularly relate to collection and disposal of end‑of‑life tyres, vehicles and EV batteries. 
Tyre collection and recycling opportunities
Inquiry participants noted opportunities to use product stewardship schemes to improve circular outcomes for end‑of‑life tyres, vehicle bodies and EV batteries (FCAI, sub. 85, p. 4; Product Stewardship Centre of Excellence, sub. 159, p. 4; RMIT University Circular Economy Hub, sub. 31, p. 11; TSA, sub. 148, p. 3).
Of these products, a product stewardship scheme exists for tyres only – a voluntary scheme managed by Tyre Stewardship Australia and accredited by the Australian Government (section 2.3 outlines the different scheme arrangements more generally). To participate in this scheme, passenger vehicle and truck tyre manufacturers and importers pay a levy of $0.25 for each passenger tyre sold, while off‑the‑road (OTR) tyre manufacturers and importers face a variable levy based on tyre size (TSA, sub. 148, p. 8). The levy contributes to the scheme’s objective of generating and supporting demand markets for end‑of‑life tyre products. Currently, 57% of tyre importers (by market share) participate in the scheme (TSA 2024a, p. 26).
Two‑thirds of end‑of‑life tyres were collected and recovered in 2023‑24 (TSA 2024b, p. 2).[footnoteRef:67] Of the tyres recovered, 13% were reused, 25% were recycled and 62% were used in energy recovery (tyre‑derived fuel) (based on TSA 2024b, p. 2).  [67:  66% of end‑of‑life tyres, by weight. The remaining 34% of tyres were either disposed of (30%) or were still ‘in flow’ (4%). Disposal options included landfilling, burying on‑site and burning with no energy recovery. ‘In flow’ tyres were either being stockpiled, illegally dumped or remained onsite and were yet to be officially disposed of or recovered. ] 

There is a stark difference between the recovery rates of passenger and truck tyres compared to OTR tyres. In 2023‑24, 155,000 tonnes of used OTR tyres were generated and only 13% of this was recovered. In comparison, 382,000 tonnes of used passenger vehicle and truck tyres were generated and over 85% of this was recovered (TSA 2024b, pp. 1, 3). Low recovery rates are most pronounced for OTR tyres used in mine sites, with only 2% of these tyres recovered annually (TSA, sub. 148, p. 39). With the recycling technology in existence, there is scope to improve the OTR tyre recovery rate and reduce the risks associated with stockpiling (outlined above). While recycling challenges remain due to the varying sizes of OTR tyres, they have a high natural rubber content, making them a high quality feedstock that can result in a higher value recycled product and greater improvements in materials productivity (O’Farrell 2019, p. 3). 
EV battery circular opportunities
A key circular opportunity noted by inquiry participants and government bodies is the end‑of‑life management, recycling and reuse of EV batteries (AADA, sub. 91, p. 1; DCCEEW 2024b, p. 25; RMIT University Circular Economy Hub, sub. 31, p. 1). The importance of this opportunity stems from the environmental and safety hazards that EV batteries pose if not disposed or handled properly (discussed above). Uptake of passenger EVs has occurred only recently in Australia, and most batteries have not yet reached the point where they need replacing. However, the future proliferation[footnoteRef:68] of EV batteries due to the importance of EVs to net zero objectives will make end‑of‑life management increasingly important. Establishing the foundations for a well‑functioning end‑of‑life battery industry will help meet circular and net zero objectives, improve economic diversity and capability, and manage the future environmental burden of end‑of‑life batteries. [68:  Estimates suggest that 40% of new batteries will be EV batteries by 2050 (BSC 2024a, p. 4).] 

A reuse‑repurpose‑recycle model has been suggested for managing end‑of‑life EV batteries (RMIT University Circular Economy Hub, sub. 31, p. 6), with activities across several stages of the 10Rs framework (chapter 1).
Reuse involves using a second‑life battery to power another EV. Reuse would be most applicable where an EV has prematurely reached its end‑of‑life due to a mechanical fault or damage to its exterior, and its battery quality remains relatively high.
Repurpose involves using the EV battery for an alternative application. While end‑of‑life EV batteries may be unable to fulfil the energy needs for a vehicle, they retain a significant part of their charging capacity, making them suitable for energy storage for other purposes (Xu et al. 2023, p. 1). In Australia, there are currently a small number of commercial operators offering repurposing services for commercial and industrial clients, such as Infinitev and Relectrify. 
Recycling involves crushing EV batteries to form a powder known as black mass. This is then refined to extract critical minerals for use in the production of new batteries or other products. There is currently limited uptake of the refinement and extraction process in Australia as most black mass is exported (FCAI, sub. 85, p. 6), which may indicate potential to improve materials productivity. 
Vehicle body collection and recovery opportunities
Inquiry participants identified an opportunity to establish a co‑regulated product stewardship scheme for end‑of‑life vehicle bodies to improve their recovery rates (FCAI, sub. 85, p. 4; Toyota Motor Corporation Australia, sub. 33, p. 2). Current estimates of recovery rates indicate that approximately 70% of a vehicle (by weight) is recovered on average (FCAI and MTAA 2024, p. 4). Most metal is recycled during the shredding process, while the remaining 30% consists of plastics, glass and textiles (referred to as automotive shredder residue) and is landfilled. 
With some countries[footnoteRef:69] achieving recovery rates of over 90%, there may be an opportunity to improve the recovery rate in Australia (FCAI, sub. 85, p. 7). However, there are significant challenges for both supply and demand of recycled automotive shredder residue. On the supply side, Australia lacks the capability to recycle high volumes, and there are challenges in creating sufficient demand due to the lack of a sizeable domestic vehicle manufacturing industry (FCAI and MTAA 2024, p. 4). [69:  The Netherlands, Belgium, France, Ireland, the United Kingdom, Japan and South Korea.] 

While recovery rates may have scope to improve from the current level of 70%, automotive shredder residue has proven challenging to recycle, with a significant technology investment required (Soo et al. 2017, p. 274). This challenge is amplified by the very small size of the vehicle manufacturing industry in Australia, meaning that generating sufficient demand for the recycled products will be difficult. The costs associated with further government intervention are therefore likely to exceed the benefits. As such, the PC does not consider this a priority opportunity for governments to pursue in Australia.
Maintaining a strong motor vehicle repair market
The already strong repair culture for vehicles means that there are fewer opportunities to increase circularity in the consumption phase of the vehicle life cycle. The Motor Vehicle Service and Repair Information Sharing Scheme (MVIS) aims to support productivity and competition in the repair market by ensuring that vehicle repairers are able to access relevant information from vehicle manufacturers at a fair price (ACCC 2023d). The PC’s Right to Repair inquiry recommended that the MVIS be evaluated three years into its operation to assess its success in improving competition and choice, whether it provides a net benefit, and the possibility of expanding the scheme (PC 2021b, p. 294). With the Australian Government announcing an evaluation of the scheme in 2025‑26 (Australian Government 2024b, p. 300), the PC recommends that it assesses whether the scheme is meeting its competition objectives, is delivering net benefits and whether there is scope to broaden the scheme to additional products such as agricultural machinery.[footnoteRef:70] [70:  The PC has recommended that a repair supplies obligation on agricultural machinery be introduced which would require manufacturers to provide access to repair information. An assessment should be made about whether the obligation should be implemented through an extension of the MVIS or through a separate scheme (PC 2021b, p. 301). ] 
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	Recommendation 8.1
Evaluating the Motor Vehicle Service and Repair Information Sharing Scheme

	The PC recommends the Australian Government’s evaluation of the Motor Vehicle Service and Repair Information Sharing Scheme in 2025‑26 assess the following:
the costs and benefits for various stakeholders and whether the scheme is delivering net benefits
whether the scheme is achieving its objectives to improve competition and choice in the market and how the scheme could be potentially improved 
the costs and benefits for various stakeholders if the scheme were to be expanded to include a greater scope of products (such as agricultural machinery) or to provide fair access to more repair market participants (such as spare parts suppliers and marketplaces).


Retreading tyres
While most circular opportunities for vehicles arise in the later stages of the product life cycle, retreaded tyres represent an early‑stage opportunity. Retreading prolongs the life of tyres by replacing the tread and reusing tyre casings. Tyres from trucks and buses are most suited to retreading due to the durability of their casings compared to standard passenger vehicles. Retreading has environmental benefits – retreading a tyre produces 74% less emissions and uses 54%[footnoteRef:71] less materials (by weight) compared to manufacturing a new tyre (Valentini and Pegoretti 2022, p. 211).  [71:  This is based on a scenario where a tyre is retreaded twice. ] 

In the past, retreaded tyres offered a cost‑effective alternative to new tyres. However, increased competition in the new tyre market has decreased the market share of retreaded tyres, which now represent around 33% of sales of new truck tyres, down from 50% in the past (TSA 2019, p. 2). 
Increasing the uptake of retreaded tyres may provide some environmental benefits, mainly overseas, by displacing new tyre production. However, the environmental benefits are limited by the narrow range of vehicles (predominantly trucks and buses) that use retreaded tyres (TSA 2019, p. 2). Trucks and buses account for less than 4% of vehicles in Australia (based on ABS 2021a). As such, the PC does not consider this a priority opportunity in line with the prioritisation framework (chapter 3).
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Tyre collection and recycling 
Some inquiry participants have suggested that there is a need to shift from a voluntary to regulated (co‑regulated or mandatory) product stewardship scheme for all tyres, while other participants have noted that such a scheme is not required for all tyre types (Elan Energy Matrix, sub. 116, p. 3; TSA, sub. 148, p. 3). This shift would involve the Australian Government setting regulation, and impose compliance costs on passenger and truck tyre businesses. Given relatively high recovery rates for passenger and truck tyres, the overall costs to the community of such a change would likely exceed the benefits. 
Barriers to recovering OTR tyres include high collection costs due to distance, variability in OTR tyre sizes, feedstock quality and the legality of tyre burial in mine sites (O’Farrell 2019, p. 3; TSA, sub. 148, p. 42). The main barrier is the higher cost of collecting and transporting tyres from regional and remote areas (DCCEEW 2024d, p. 76). As a result, tyre stockpiling and illegal dumping are more pronounced in regional and remote areas. This poses health and safety risks for remote communities, including for Aboriginal and Torres Strait Islander communities in remote areas. The PC is seeking further information on the potential role for government in overcoming this barrier and whether policy intervention would have net benefits.
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	Information request 8.1
Targeted measures to improve the collection and recovery of off‑the‑road tyres

	The PC is seeking input on appropriate policy actions to improve collection and recovery rates of off‑the‑road (OTR) tyres, and the extent to which policies could lead to net benefits to the community. 
What are the environmental, economic and social impacts of unrecovered OTR tyres? What are the size of these impacts (including any data, if possible)?
Which policy actions would be most effective in improving collection and recovery rates? What are the benefits to the community associated with these policies (including any data, if possible)?
What are the costs and benefits of implementing and enforcing these policies (including quantitative analysis, where available)? 
What are the roles for different levels of government in implementing these measures? 
What are the ways in which governments can partner with Aboriginal and Torres Strait Islander communities on collection and recovery opportunities? 
What are the current levels of demand for products that can be produced from OTR tyres (including any data, if possible)? Are there any technical or regulatory barriers inhibiting their production or use?


EV battery circular opportunities 
Inquiry participants and other stakeholders have identified a variety of barriers that impede reuse, repurpose and recycling activities for end‑of‑life EV batteries (BSC 2024a, p. 8; Rizos and Urban 2024a, p. 6; RMIT University Circular Economy Hub, sub. 31, p. 6). Key barriers include:
a lack of information about EV batteries at end‑of‑life
safety concerns in collection, handling and second‑use applications
insufficient volume of feedstock
variability in battery design.
Greater oversight of EV batteries throughout their life cycle would help to address these barriers and mitigate environmental and safety risks. An EV battery product stewardship scheme could facilitate greater oversight, and Australian Government regulatory involvement could reduce barriers to trade by aligning national standards with overseas EV markets. Additionally, the variability in battery design and complexity involved in handling and processing gives merit to a scheme under which EV manufacturers are responsible for end‑of‑life EV batteries. The costs associated with this responsibility may be borne by manufacturers or passed onto consumers. 
Initial work on designing a scheme has begun. The Battery Stewardship Council, with funding from the Australian Government, has proposed a staggered approach to EV battery stewardship that aligns with projections of the volume of end‑of‑life EV batteries (BSC 2024a, p. 5). More broadly, the Australian Government is currently investigating opportunities to expand EV battery recycling, disposal and safety (Parliament of Australia 2024). 
Given the significant fire and environmental contamination risks from improper disposal of EV batteries at end of life, the PC considers that a co‑regulatory product stewardship scheme could be warranted.[footnoteRef:72] This would involve greater government compliance and enforcement activities to support traceability and information sharing for EV batteries, as compared to a voluntary scheme. It could be implemented through a feature such as a digital passport, which is due to be implemented in the European Union in 2027 (box 8.1).  [72:  The Australian Government already has a co‑regulatory product stewardship scheme for some electronic products – the National Television and Computer Recycling Scheme – and the PC is considering policy options for product stewardship of other types of consumer electronics (chapter 9). However, collection methods, handling and processing standards, and end markets would be very different for EV batteries compared to other consumer electronics and a separate scheme would be more appropriate.] 

Maintaining the safety of EV battery handlers and users of second‑use batteries is of paramount importance, and designing a set of Australian standards that sets out specifications, procedures and guidelines would support safe use and processing of EV batteries. Such standards have been introduced in the United States and Canada (box 8.1) and requested by Australian industry participants (BSC 2024a, p. 9). Once developed, the Australian Government could monitor and enforce these standards as part of a co‑regulatory stewardship scheme. 

	Box 8.1 – EV battery reuse applications and policies in other countries

	International car manufacturers are already pursuing circular initiatives for EV battery reuse and repurposing. In Japan, Nissan EV batteries and solar panels have been used to provide street lighting and outdoor lighting in areas without power infrastructure (Nissan 2018). In Germany, car manufacturer Audi and electricity generation firm RWE used 60 decommissioned Audi EV batteries to build an energy storage system for an industrial power plant (Audi 2022).
While these initiatives indicate that there are reuse applications for EV batteries, the market is currently small, reflecting a limited feedstock of batteries and the technological and economic hurdles of preparing a battery for reuse (Tankou, Bieker and Hall 2023, p. 10). Governments have considered various policy levers to promote circularity in EV batteries. 
In the United States, the Californian Government has introduced durability standards for EV batteries. EVs produced from 2026 will have to be able to retain at least 70% of their battery storage capacity for 10 years of use or up until the vehicle’s mileage reaches 150,000 miles (241,000 kilometres). This requirement will increase to 80% in 2030 (California Air Resources Board 2022, p. 10).
In the United States and Canada, standards have been developed for processing decommissioned EV batteries. These standards provide guidance on processes including sorting and grading batteries to be used for repurposing (Johnson 2022).
In the European Union, digital passports will be a requirement for EV batteries from 2027 (Rizos and Urban 2024b, p. 1). They will provide manufacturers, users, repairers, remanufacturers and recyclers with key information about the battery across its life cycle.
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	Reform direction 8.2
Establish the foundations of a robust end-of-life electric vehicle battery industry

	The PC is considering the role for the Australian Government in improving end-of-life electric vehicle (EV) battery management and supporting the establishment of a circular industry for EV batteries. This could involve implementing a co-regulated product stewardship scheme to oversee the end-of-life management of EV batteries, featuring:
improved traceability of EV batteries, such as through a digital passport
regulations on second-use battery quality and performance for consumer use
standards for the transport, storage and end-of-life processing of EV batteries.
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	Information request 8.2
Establish the foundations of a robust end‑of‑life electric vehicle battery industry

	The PC is seeking further information about government measures that could appropriately facilitate support for and overcome barriers to the development of a robust end‑of‑life electric vehicle (EV) battery industry. Measures could address supply of end‑of‑life EV batteries, or demand for second‑life batteries and battery products. The following questions can help inform responses:
Are there technological or regulatory barriers inhibiting reuse, repurpose and recycle activities?
What are current levels of market demand for second‑life EV battery products in Australia (including any supporting data)? Are there barriers to connecting supply of these products with demand?
What costs would the measures place on businesses and consumers, and (for regulation) on government implementation and enforcement (including quantitative analysis, where available)? 
What activities could be undertaken by state, territory and local governments to support any overarching scheme implemented by the Australian Government? 
What additional measures are needed to address environmental and safety concerns related to EV battery handling and processing?
What are the costs and benefits (including estimates, where possible) of developing further processing capability of black mass in Australia?
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	Key points
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	E‑waste is a small but rapidly growing waste stream in Australia, with highly valuable and/or hazardous recovered materials including lithium, cobalt and nickel. 
Australians generate 22 kg of e‑waste per person each year, almost three times the global average. 
Australia’s e‑waste collection and recycling rate is lower than North America and Western Europe.
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	Government and private sector e‑waste management focuses largely on collection and recycling activities. There are opportunities to address barriers that may be inhibiting reuse and repair.
Providing consumers with information about the extent to which electronic products are durable and/or repairable would facilitate more sustainable purchasing behaviours. The Productivity Commission’s Right to Repair inquiry recommended that the Australian Government should develop a product labelling scheme on the durability and repairability of household appliances and consumer electronics.
The National Television and Computer Recycling Scheme has had success as a co‑regulatory product stewardship scheme, but is focused on collection and recycling. As recommended in the PC’s Right to Repair inquiry, the scheme should be amended to include reuse and repair within annual targets.

	[image: ]
	The volume of e‑waste generated from lithium‑ion batteries and solar photovoltaic (PV) systems is expected to increase significantly over the coming years. The PC supports the Australian Government’s intentions to establish product stewardship arrangements for small electronics (including products with embedded lithium‑ion batteries) and solar PV systems. 
There are significant and immediate risks of battery fires arising from the improper disposal of small electronics. While some state and territory governments have introduced measures to address these risks, multiple jurisdiction‑specific arrangements creates inefficiency and complexity.
Solar PV systems are installed extensively across Australian households but there is a lack of infrastructure and end‑of‑life markets for recycling, especially in regional areas. Improperly managed solar PV system waste has large environmental consequences including leachate and fires.
The Australian Government is in the early stages of establishing co‑regulatory stewardship schemes for these products. The PC is seeking further information on how these schemes could be best designed, implemented and operationalised.


[bookmark: _Toc190959814][bookmark: _Toc191395546]Overview of the electronics sector
E‑waste is one of the fastest growing waste streams 
The electronics sector is a rapidly growing industry that underpins much of the modern global economy and our everyday lives. It encompasses a wide array of products, ranging from household appliances and consumer devices to emerging electronics including solar photovoltaic (PV) systems. Many of these products are responsible for large productivity increases and improvements in quality of life. However, as electronics become cheaper and more advanced, their increased use, along with designs that are less durable or recyclable, are turning e‑waste into a growing concern.
E‑waste is one of the fastest growing waste streams in the world and is outpacing the capacity of the collection and recycling sector by almost a factor of five (UNITAR 2024, p. 10; WHO 2024). If mishandled, e‑waste can have serious consequences for human health and the environment, including fires and the leaching of toxic substances and persistent organic pollutants. In 2022, US$78 billion in externalised costs to the global population and environment arose from e‑waste mismanagement (UNITAR 2024, p. 14).
While the largest e‑waste category by mass, small equipment (toys, vacuum cleaners, microwave ovens)[footnoteRef:73] has a low collection and recycling rate of 12% (figure 9.1). In contrast, large equipment (washing machines, dishwashers) and temperature exchange equipment (refrigerators, air conditioners) feature the highest collection and recycling rates at 34% and 27% respectively, partly due to supplier collection during delivery, and because their weight and size make them inconvenient for consumers to store (UNITAR 2024, p. 32).  [73:  UNITAR includes phones, computers, and their batteries and chargers in ‘small IT and telecommunication equipment’.] 

Figure 9.1 – Small equipment produces the most e‑waste but has low recycling rates
Global e‑waste by electrical and electronic equipment category, 2022
[image: Figure 9.1 Small equipment produces the most e-waste but has low recycling rates. This figure presents e-waste documented as formally collected and recycled as a percentage of total e-waste generated by electrical and electronic equipment category, globally in 2022. Lamps have the lowest formal collection and recycling rate at 5%, while large equipment have the highest at 34%. The other categories presented in the figure are temperature exchange equipment at 27%, screens and monitors 25%, small IT and telecommunication equipment 22%, photovoltaic panels 17% and small equipment 12%. ]
Source: UNITAR (2024, p. 28).
Global e‑waste volumes are projected to increase by more than 30% from 2022 to 2030 (UNITAR 2024, pp. 10, 16), with solar PV system waste expected to quadruple during this period (UNITAR 2024, p. 15). E‑waste contains valuable metals like copper, gold and iron, with an estimated total value exceeding US$90 billion in 2022, emphasising the significant opportunity for resource recovery (UNITAR 2024, p. 14).
Australians generate more e‑waste per person than most other countries 
Australians generate 22.4 kg of e‑waste per person per year, almost three times the global average of 7.8 kg per person and ranking equal fourth in the world (UNITAR 2024, pp. 10, 120–135). This reflects contributions from both households and businesses, driven by factors including increasing consumer demand for the latest technology and a heavy reliance on imported electronics, which limits governments’ visibility of and ability to directly regulate product safety, quality or design (beyond import standards) (Lockrey et al. 2022, pp. 13–14). It is estimated that e‑waste will continue to increase to 23.4 kg per person in 2030 (DCCEEW 2021b, p. 7). 
In 2019, embodied greenhouse gas emissions from Australian e‑waste totalled 5.6 million tonnes of CO2e, and are projected to reach 6.8 million tonnes by 2030 (DCCEEW 2021b, p. 10). Notably, emissions from landfill and recycling are minimal compared to those from manufacturing (DCCEEW 2021b, p. 35), which often occurs overseas. This underscores the need for strategies that extend the active product lifetime of existing electronics, including improved design and reuse and repair activities.
There is a notable overlap between recyclable and hazardous e‑waste materials (figure 9.2). In Australia, these hazardous materials can present health risks to workers involved in the repair and recycling sectors and in cases of illegal dumping (DCCEEW 2021b, p. 10). The Victorian, SA, WA and ACT Governments have banned the disposal of e‑waste to landfill in efforts to address these risks.
Figure 9.2 – There is a large overlap between recoverable and dangerous e‑waste
Examples of recyclable and hazardous e‑waste materials 
[image: This figure is a Venn diagram that shows examples of recyclable and hazardous materials in e-waste. E-waste materials which are both recyclable and hazardous include cadmium, cobalt, lead, lithium, mercury, nickel and tin. Exclusively hazardous materials include arsenic and brominated flame retardants, whereas exclusively recyclable materials include aluminium, glass, gold, iron, palladium, silver and some plastics.]
Source: Productivity Commission (2021b, p. 253).
The e‑product life cycle in Australia
The linear product life cycle of an electronic product encompasses extracting raw materials (including large Australian exports such as iron, gold, lithium and copper), design and manufacturing (mostly occurring overseas), sale and distribution (between retailers, online retailers and installers), use and maintenance (including reuse and repair) and finally disposal, collection and processing.
In Australia, electronics typically reach the end of their active product life either because they are broken and repair is too expensive or inaccessible (often due to a limited availability of skilled repairers, spare parts or time), or because they are replaced by newer models while still functional (CHOICE 2021a). Product replacement is driven not only by high consumer demand for electronics, but also planned obsolescence in product design and a lack of strong policies supporting repairability or extended producer responsibility (EPR), given Australia’s reliance on imports (Lockrey et al. 2022, p. 14).
E‑waste typically follows three main pathways: landfill (managed by local governments and private waste operators), metal scrapping (carried out by low‑efficiency processors to recover metals) or high‑efficiency recycling (where specialised recyclers dismantle e‑waste for full material recovery) (DCCEEW 2021b, p. 7). All levels of governments influence these pathways by setting waste management policies, regulating the handling of hazardous materials including during collection and transfer, and supporting infrastructure and programs, such as e‑waste drop‑off points, landfill facilities and partnerships with private recyclers (Parliament of Australia 2018, p. 7). It is estimated that approximately 54% of all e‑waste is collected in Australia, with 80% of this sent to low‑efficiency recycling processes (DCCEEW 2021b, p. 8). 
The majority of the material composition of e‑waste in Australia is easy‑to‑recycle ferrous metals (figure 9.3). However, because of the presence of more costly and difficult‑to‑recycle materials such as plastics, the financial viability of recycling e‑waste is low. Recycling systems must either remove substances such as harmful chemicals from plastics during sorting, treat them or find safe applications for the recycled materials if harmful traces cannot be removed (DCCEEW 2021b, p. 10). 
Figure 9.3 – Plastic is a small component of e‑waste but costly and difficult to recycle
Material composition of e‑waste as a share of total weight, 2019, Australia
[image: This figure shows the material composition of e-waste in Australia in 2019. Ferrous materials compose 55%, plastics 14%, glass 9% and other materials, including but not limited to non-ferrous metals, precious and specialty metals and concrete, 22%.]
Source: DCCEEW (2021b, p. 10).
There is significant room to improve Australia’s e‑waste collection and recycling rates. The collection and recycling rate of e‑waste in the combined Australia and New Zealand region is 42.8%, which compares favourably to many other countries, but is lower than North America (52.1%) and Western Europe (58.4%) (UNITAR 2024, pp. 117–118). In 2019, the value of recovered material from Australian e‑waste was estimated at $145 million, only 18% of the potential $820 million if all material was successfully recovered (DCCEEW 2021b, p. 10). This underscores missed opportunities for resource recovery, and the environmental and economic benefits of reducing reliance on virgin material extraction.
There is variability in end‑of‑life processing across different electronic products.
Consumers discard the vast majority of solar PV systems in landfill due to limited recycling options.
Large household appliances and temperature exchange equipment are typically processed by scrap metal recyclers who carry out low‑efficiency recycling to recover valuable metals.
Approximately 50% of televisions and computers are recycled through high‑efficiency processes under the National Television and Computer Recycling Scheme (NTCRS), while the other 50% are discarded by consumers and end up in landfill.
Most obsolete or broken phones are stored in homes (DCCEEW 2021b, p. 8).
[bookmark: _Toc190959815][bookmark: _Toc191395547]Opportunities for greater circularity in electronics
Circular economy opportunities associated with the electronics sector arise during the design, reuse and repair, and collection and recycling stages. To understand the applicability of these opportunities in Australia, the Productivity Commission considered the current and projected size of the relevant market sectors to which each opportunity related and the current levels of adoption (chapter 3).
Designing for repairability and durability
Australia relies heavily on imported consumer electronics and has little influence on their design. While Australia manufactures some specialised electronics, such as mining equipment, medical devices and defence technology, it plays a minimal role in designing mass‑market products like smartphones, laptops or home appliances, which are primarily developed in the United States, South Korea and Japan. Though Australia lacks a comprehensive framework for design standards, like the European Union’s Restriction of Hazardous Substances or Ecodesign Directives, many existing standards in Australia draw from successful international examples. These are either mandated[footnoteRef:74] or available for voluntary industry adoption[footnoteRef:75]. [74:  For example, the International Electrotechnical Commission (IEC) sets international design standards for electronic products, such as IEC 62087, which specifies how to determine the power consumption of television sets and AV equipment. Australia’s Greenhouse and Energy Minimum Standards (GEMS) Act 2012, which regulates the energy efficiency and performance of electronic products, has adopted the IEC 62087 standard as AS/NZS 62087 under the GEMS (Television) Determination 2013.]  [75:  For example, IEC 62430 (Environmentally Conscious Design for Electrical and Electronic Products and Systems) is included on the Standards Australia search directory for reference and voluntary industry adoption.] 

Several submissions noted the importance of sustainable design principles in slowing loops, diverting e‑waste from landfill and minimising leachate and resource depletion (ACT NoWaste, sub. 16, p. 3; WRAP, sub. 56, pp. 2–3; Product Stewardship Centre of Excellence, sub. 159, pp. 12–13). Benefits also extend to lowering waste management costs and the frequency of product replacements, and stimulating the domestic market for reuse and repair services (NSW EPA 2024c, p. 17). Longer product lifespans also lower carbon emissions, as the majority of lifetime emissions are embedded in the manufacturing phase of electronics (TCO Certified, sub. 63, p. 2).
The PC’s Right to Repair inquiry (2021) found that, for certain types of products including household appliances and consumer electronics, some consumers find it difficult to access relevant information about product durability and repairability (PC 2021b, p. 234). Such information gaps could prevent consumers from selecting more durable and repairable products based on their preferences, and thereby reduce manufacturers’ incentives to develop these products (DCCEEW 2024d, p. 32). In 2021, CHOICE survey data also revealed a gap between consumer values and purchasing behaviour in Australia: while most Australians consider product durability (85%) and repairability (73%) important, only a smaller proportion actively choose items that last longer (39%) or can be repaired (46%) (CHOICE 2021b, p. 24). 
There has been momentum towards repairability labels internationally (PC 2021b, p. 235), including the French Repairability Index, which has had a positive effect on the sale and availability of more repairable products both in store and online (BIT 2024). While impacts cannot entirely be attributed to the index, there has been a clear improvement in product repairability scores and a growing share of repairable products offered in the market since the index’s introduction, reflecting a shift towards sustainable consumer choices and product design. Belgium will also implement its own Repairability Index for certain household appliances, including the cost of spare parts, from 2026 (Right to Repair Europe 2024). 
A product labelling scheme can shift consumer bias away from price such that purchasing decisions are informed by sustainability data, and the Australian Government can draw on learnings from these countries and from schemes in other sectors. Notably, labelling schemes for energy, fuel and water efficiency already exist in Australia, including the Energy Rating Label, Green Vehicle Guide and Water Efficiency Labelling and Standards scheme. In this context, the PC renews its recommendation for the Australian Government to develop a product labelling scheme that provides durability and repairability information to consumers on electronic products, due to its importance in promoting circular activity. 
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	Recommendation 9.1
Introduce a product labelling scheme for household appliances and consumer electronics

	To better inform consumer purchasing decisions, the Australian Government should develop a product labelling scheme that provides consumer information about durability and repairability for household appliances and consumer electronics, as recommended in the PC’s Right to Repair inquiry (2021).

	


Reuse and repair
Supporting reuse and repair activities seeks to shift consumption towards greater circularity, where electronic products and their components are kept in use for longer periods of time. Several submissions noted the importance of strengthening the reuse and repair sector, as listed below.
Promoting reuse and repair in national frameworks and schemes and increasing focus on activities early in the product life cycle can encourage sustainable consumer behaviours (Resource Work Cooperative, sub. 30, p. 3; Wiseman, sub. 40, p. 2; Blueprint Institute, sub. 70, p. 3; SERI, sub. 92, p. 6). 
Improving coordination efforts, including greater representation of reuse and repair activities and clear opportunities for funding, can support the sector’s impacts and capacity for growth (Mischkulnig, sub. 12, p. 16; Charitable Reuse Australia, sub. 18, p. 4; Australian Library of Things Network, sub. 59, p. 2). 
Developing an electronic repair market with the appropriate skills, spare parts and accreditation pathways can provide accessible alternatives to replacement and address planned obsolescence (Wiseman, sub. 40, p. 6; WRAP, sub. 56, p. 4; WorkVentures, sub. 89, p. 4).
Supporting data collection of reuse and repair activities, including building on existing state‑level reuse studies in New South Wales and Tasmania and conducting a national audit of e‑waste streams, can help identify growth opportunities and guide policy and target setting for the sector (Mischkulnig, sub. 12, p. 16; Charitable Reuse Australia, sub. 18, p. 6; Product Stewardship Centre of Excellence, sub. 159, p. 9).
Improving identification of product condition at disposal, such as crate changes at disposal sites that sort by condition and minor fault categorisation, can help to identify functional versus broken items and reduce the probability of destroying products that could be reused or repaired (Mischkulnig, sub. 12, p. 13). 
Supporting intermediaries in the resale of used and repaired products, especially with regard to liability risks and insurance challenges, builds trust in second‑hand electronics and supports circularity (Smith, sub. 14, p. 2; ACCC, sub. 178, p. 8). 
Addressing barriers to repair, including unfair competition in repair markets, increases the accessibility of repair services and protects consumers from unlawfully void warranties (Wiseman, sub. 40, pp. 4, 6; ACCC, sub. 178, p. 6).
Many of these opportunities are being embraced in Australia, with various reuse and repair efforts coordinated by peak bodies including Charitable Reuse Australia, the Australian Repair Network, the Australian Library of Things Network and the Australian Men’s Shed Association. At the end of the 2023‑24 financial year, approximately 6,100 repair and maintenance businesses for appliances and electronics operated in Australia (ABS 2024f). Repair cafés, many of which are supported by local governments, also provide spaces for people to gather and repair everyday objects, including electronics.[footnoteRef:76] [76:  Repair cafés have grown to more than 110 stores across Australia since the first establishment in 2015 (Griffith University n.d.), including inquiry participants such as the Bega Valley Repair Café and the Bower Reuse and Repair Centre in Sydney. Many repair cafés and similar groups are also deeply embedded in their communities. Good Sammy Enterprises, which collects used items from over 200,000 households across regional and metropolitan Western Australia each year, employs more than 50% of staff with a disability (Good Sammy, sub. 25, p. 1).] 

Reuse platforms such as eBay, Gumtree and Facebook marketplace also support circularity by enabling the resale of electronic products. And innovative business models such as product‑as‑a‑service systems, including Philips Lighting, offer electronics as a service rather than a one‑time sale. In this model, consumers lease the service and the company retains ownership of the hardware, ensuring that products are maintained, upgraded and eventually recycled in a controlled manner. 
To the extent that existing government policies focus too heavily on recycling and unduly exclude reuse and repair activities, policy changes could result in a more level playing field. For example, the NTCRS – Australia’s product stewardship scheme for televisions and computers – is recycling‑centric. The scheme provides minimal incentives for options beyond recycling for e‑waste, resulting in some otherwise functional or repairable products being dismantled or destroyed (WorkVentures, sub. 89, p. 3; ANZRP, sub. 176, p. 4). As a result, valuable electronics are often reduced to their component materials rather than being repurposed for higher value uses, undermining the potential to maximise resource efficiency and reduce waste (ANZRP 2020, p. 38).
As previously recommended in the PC’s Right to Repair inquiry, the Australian Government should amend the NTCRS to include reuse and repair within its annual targets. Incorporating these targets would allow for the identification of recovery opportunities for still functioning electronic products, and facilitate the development of evidence‑based policies and targets in the reuse and repair sector. It would not only expand the impact of the NTCRS but also set a precedent for other product stewardship schemes, fostering a cultural shift towards sustainable consumption and production practices. The Right to Repair inquiry also recommended the use of electronic tracking devices within e‑waste products to determine their final destination, including whether any recyclers unlawfully export them. This would improve the accountability of product stewardship schemes, including the NTCRS, by providing a supplementary data source for monitoring and compliance of co‑regulatory bodies and their downstream recyclers.
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	Recommendation 9.2
Include reuse and repair targets in the NTCRS and increase the use of tracking devices

	The Australian Government should amend the NTCRS to include reuse and repair within annual targets, as previously recommended in the PC’s Right to Repair inquiry (2021). The NTCRS should also increase its use of e‑waste tracking devices to better monitor co‑regulatory bodies and their downstream recyclers.

	


The PC is interested in understanding any barriers to the supply of, and demand for, reuse and repair services. For example, a potential barrier for resale intermediaries is that only fully qualified technicians or those pursuing a trade are able to obtain micro‑credentials to service or test for the safety of an electronic product for reuse purposes. Many of these intermediaries are social enterprises or charities (such as the Bower Reuse and Repair Centre in Sydney) that provide social benefits and services to local communities by offering affordable second‑hand products to lower income or at‑risk groups. Addressing the issue of accreditation may also reduce the liability risks and insurance challenges faced by resale intermediaries.
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	Information request 9.1
Barriers to greater reuse and repair

	The PC is seeking further information on barriers to greater reuse and repair in the electronics sector and how widespread the issues are, including:
whether there is unmet demand (including any data, if possible) for reuse and repair services, and if so, which electronic products and consumers are most affected
what might be preventing the supply of these services
what governments’ role might be to address any barriers to these services, including relating to:
skills and accreditation for the repair of electronic products
coordination of and information provision about access to electronic repair services, including where this may assist recipients of social benefits and services.

	


Collection and recycling
There are various private sector initiatives for collecting and recycling e‑waste. Major retailer schemes offer consumers convenient and rewarding ways to return their used electronics. Officeworks, JB Hi‑Fi and Apple have well‑established take‑back programs that allow customers to exchange old devices for store‑credit or responsibly recycle them. Private waste management companies such as Cleanaway, Veolia and Greenbox also play an important role in collecting, sorting and recycling valuable materials from discarded electronics, diverting from landfill and promoting resource recovery. However, there is still a pressing need for improving public awareness and education on safely disposing e‑waste, especially for products with embedded lithium‑ion batteries, due to the risk of fires and injuries (ACCC 2023b, p. 32).
Under the National Waste Policy Action Plan, state and territory governments are responsible for managing e‑waste in their jurisdictions and regulating hazardous materials, and local governments play a significant role in organising these processes and informing the community about their collection and recycling options (DCCEEW 2024q, p. 14).Together, they collaborate to provide drop‑off points, enforce landfill bans, and invest in waste collection and recycling facilities (DCCEEW 2023, p. 20). One of the primary nationwide initiatives relating to e‑waste recycling is the NTCRS, a co‑regulatory product stewardship arrangement under the Recycling and Waste Reduction Act 2020 (Cth) (refer to section 2.2 for details) which requires collaboration between governments (DCCEEW n.d.). With more than 1,800 drop‑off points, the scheme provides Australian households and small businesses with free access to industry‑funded collection and recycling services for television sets, computers and printers (NSW EPA 2016, p. 5). 
Two government‑accredited, industry‑led, voluntary e‑waste stewardship schemes also operate in Australia. 
Mobile Muster, administered on behalf of the Australian Mobile Telecommunications Association, is a recycling programme that diverts nearly 90% of the mobile phones and accessories collected from landfill and maintains 96% industry participation across mobile phone manufacturers and 85% across mobile network carriers operating in Australia (AMTA, sub. 155, pp. 2, 5). 
B‑cycle is the national battery collection scheme run by the Battery Stewardship Council (BSC), which places a levy on imported loose and handheld batteries that is used to fund rebates for accredited collectors, sorters and recyclers (BSC, sub. 140, p. 7, 8).
Opportunities to improve e‑waste collection and recycling are discussed further in section 9.3. 
The PC’s Right to Repair inquiry also reviewed general waste management and its effect on the health of Aboriginal and Torres Strait Islander people in regional and remote communities. It found that service irregularity, limited landfill maintenance and inadequate management of hazardous wastes was placing community health and the local environment at risk (PC 2021b, p. 260). There is an opportunity to develop more targeted approaches to collection and recycling in regional and remote communities to support e‑waste management, especially for solar PV systems and lithium‑ion batteries, factoring in the unique characteristics of these areas such as dispersed populations, infrastructure capability and transport costs (Mathur, sub. 10, pp. 1–2; ABRI, sub. 27, p. 3; WA Solar Recycling, sub. 34, p. 2).
[bookmark: _Toc190959816][bookmark: _Toc191395548]Policy interventions to address barriers to circularity
Extending the range of electronics that are currently covered in product stewardship schemes has significant potential to lift Australia’s materials productivity and efficiency, due to the growing consumption of these products. Most small electronics are not covered by any existing schemes (mobile phones, televisions and computers being the exceptions), giving rise to an opportunity to recover valuable materials, build industry capability in high‑efficiency recycling (and hence economic diversity) and avoid environmental damage and safety risks from leachate and lithium‑ion battery fires. There is also an opportunity to improve productivity by establishing product stewardship arrangements for emerging streams of solar PV system waste. 
Product stewardship for small electronics
A number of small electronics are not covered by existing product stewardship schemes in Australia, including but not limited to:
appliances (toasters, blenders, kettles and coffee machines)
personal care electronics (hairdryers, straighteners, curlers, and electric toothbrushes and razors)
household gadgets (alarm clocks, remote controls, radios, cameras, small electric fans, hand‑held vacuum cleaners, power tools and e‑cigarettes)
entertainment devices and accessories (speakers, headphones, game consoles and DVD players)
wearables (smartwatches and fitness trackers)
lighting products (small lamps, reading lights, LED light strips and decorative lights)
electronic toys (such as remote‑controlled cars).
High‑efficiency recycling of these products is limited due to the costs of sorting, transporting and processing the waste, which outweigh the value of the recovered materials (CIE 2023a, p. 3). As these products are small, they are also typically easy to store or throw away in household bins. The absence of a consistent regulatory framework or incentives to recycle small electronics exacerbates the problem, and low public awareness and engagement limit the accessibility and effectiveness of existing collection systems (Morris and Metternicht 2016). This is becoming an increasingly important issue, as the total volume of waste arising from small electronics in Australia is expected to exceed 400,000 tonnes per year by 2040, with those products not currently covered by existing product stewardship schemes comprising the majority of that waste (CIE 2023a, pp. 3–4).
The Australian Government has announced its intention to establish a co‑regulatory product stewardship scheme for small electronics, including those already covered by the NTCRS and Mobile Muster (DCCEEW 2023, p. 35). Its objective is to divert e-waste and harmful materials from landfill, increase resource recovery and provide accessible avenues for high‑efficiency recycling, improving economic diversity. Addressing small electronic waste with stewardship solutions is supported by inquiry participants (Good Sammy, sub. 25, p. 6; Resource Work Cooperative, sub. 30, p. 5; SERI, sub. 92, p. 3; ANZRP, sub. 176, p. 4) and could contribute to job creation and recycling sector growth. This includes industry investment in new recycling facilities or upgrades to existing ones, and the employment of disabled and disadvantaged workers (ANZRP 2020, pp. 12, 26). 
The Australian Government’s intended stewardship scheme would place a fee on importers and manufacturers of small electronics to cover the costs of collection, transport and recycling, including free disposal services or drop‑off collection points across the country for households and small businesses (DCCEEW 2023, pp. 28–30). These costs would ultimately be passed on to consumers through higher product prices (DCCEEW 2023, p. 7). The scheme would also require mechanisms for reuse and repair at collection sites, when requested by a reuse or repair organisation, and involve public education and awareness campaigns on reuse and repair options and safe disposal practices (DCCEEW 2023, p. 39). Cost‑benefit analysis has found that the costs associated with processing, administration and network operations would ultimately be borne by the consumer, but are outweighed by the environmental benefits, with an estimated net economic benefit in present value terms of $32 billion[footnoteRef:77] (CIE 2023a, p. 8). [77:  This estimate is largely driven by non-market benefits – consumers’ willingness to pay for environmental damage avoided by the scheme of roughly $150 per adult per year (CIE 2023a, p. 81).] 

Lithium‑ion batteries are embedded in almost all small electronics including laptops, smart watches, power banks, mobile phones, cordless vacuum cleaners, power tools, e‑cigarettes, video games and toys (ACCC 2023b, p. 23).[footnoteRef:78] They are difficult to remove without specialised tools and therefore pose challenges for product disassembly. If damaged or improperly disposed of, these batteries can present significant fire risks in households and trucks, during waste collection, transport and recycling. These fires release toxic gases and are difficult to extinguish (ACCC 2023b, p. 17).  [78:  Embedded batteries are excluded from the B‑cycle scheme, which focuses on loose batteries, leaving a gap in recycling options for many small electronics (B-cycle n.d.; DCCEEW 2023, p. 35). The BSC has proposed expanding B-cycle to include these products under ‘Scenario 5’ (BSC 2024b, p. 8), though they would still be covered under a voluntary rather than co-regulatory scheme. BSC estimates that 75% of ‘small electronics and electrical equipment with batteries’ in Australia weigh under 3 kg and can be diverted immediately through the B-cycle network (BSC 2024b, p. 12).] 

The Australian Government’s proposed product stewardship scheme for small electronics would improve lithium‑ion battery waste management by facilitating responsible collection and recycling of many at‑risk products. The harmonisation of broader regulations for lithium‑ion batteries would support the success of this scheme and drive productivity benefits (box 9.1).
In parallel to the Australian Government’s intentions to address lithium‑ion battery waste within this product stewardship scheme, state governments are already taking measures to address the urgent risks posed by battery fires.[footnoteRef:79] However, inquiry participants, including some state and territory governments, raised the limitations of ‘patchwork’ schemes across Australia and stated their preferences for a nationally led approach. These limitations included inevitable inconsistencies between jurisdictions, industry reluctance to comply across state borders and important supply levers that can only be dealt with at the national level, including working with a large number and diversity of imported consumer electronics. [79:  The June and December 2024 Environment Ministers’ Meetings addressed joint efforts by New South Wales, Victoria and Queensland towards stewardship arrangements for batteries due to the escalating issue of fires, including discussing the findings of a draft Regulatory Impact Statement (DCCEEW 2024f, p. 1, 2024g, p. 2). The NSW Government intends to introduce legislation for mandatory battery product stewardship in 2025 (NSW EPA 2024d) and, in partnership with local governments, has also begun a two-year trial at select Community Recycling Centres to accept some products with embedded batteries that are not covered by existing stewardship schemes (NSW EPA 2024a).] 


	Box 9.1 – Harmonising regulations for lithium‑ion batteries

	Lithium‑ion batteries are the fastest growing fire risk in New South Wales (Fire and Rescue NSW 2024) and, according to survey results from state and territory fire services, were responsible for more than 1,000 fires across Australia in 2023 (Baker 2024). Despite this, inconsistent regulations, including material classifications, landfill regulations and those that govern the collection, storage and transport of lithium‑ion batteries across jurisdictions, still allow for landfill disposal in New South Wales, Queensland, the Northern Territory and Tasmania. Inquiry participants have said these inconsistencies are increasing safety hazards and transport costs, limiting resource recovery and creating complications for storing, moving and processing end‑of‑life batteries (Lithium Australia, sub. 17, p. 2; ABRI, sub. 27, p. 4, 6). Discrepancies create confusion for waste handlers and processers, limit operational efficiency and restrict opportunities for reuse (DCCEEW 2024d, p. 44).
Harmonising regulations for lithium‑ion battery waste would support the Australian Government’s proposed product stewardship scheme for small electronics by establishing consistent standards for handling, transport and recycling. Given the prevalence of these batteries embedded in small electronics, harmonising regulations would reduce compliance complexities, improve safety and productivity, and support the recovery of valuable materials including lithium, cobalt and nickel, supporting the scheme’s overall success. Harmonising regulations would also enhance the clarity and effectiveness of associated education campaigns, making them simpler to understand. The overarching governance arrangements through which harmonisation could take place are discussed in chapter 10.

	


The PC supports the Australian Government’s intention to establish a co‑regulatory product stewardship scheme for small electronics not currently covered by stewardship schemes. The PC is considering the relative costs and benefits to the community of the design elements of the proposed scheme, including the increased complexity in managing a wide range of items, and various regulatory and compliance hurdles associated with investment in infrastructure and implementation across jurisdictions. While state and territory governments are addressing the urgent concern of fires caused by lithium‑ion batteries, a product stewardship scheme for small electronics, including electronics with embedded lithium‑ion batteries, at the national level would be a more efficient response. It could also provide a platform for improving public education on lithium‑ion battery safety, as recommended by the ACCC (2023b, p. 42).
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	Reform direction 9.3
Product stewardship for small electronics, including embedded lithium‑ion batteries

	The PC supports the Australian Government’s intention to establish a co‑regulatory product stewardship scheme for small electronics and is seeking further information on how the scheme could be designed and implemented to support materials productivity and economic outcomes.
Given the immediate risks of battery fires and the inefficiency and complexity of creating multiple state‑ and territory‑based stewardship systems, the Australian Government should prioritise establishing co‑regulatory stewardship arrangements for electronic products with embedded lithium‑ion batteries.
Harmonising regulations for lithium‑ion batteries will support the success of this scheme.
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	Information request 9.2
Product stewardship for small electronics, including embedded lithium‑ion batteries

	The PC is seeking further information on:
what barriers (such as public awareness or infrastructure) currently limit the collection and recycling of different types of small electronics, and how these barriers differ by product
how including different types of small electronics in a product stewardship scheme would result in environmental, economic and/or social benefits and costs (including estimates, where possible)
the costs and benefits of expanding existing product stewardship schemes – such as the co‑regulatory NTCRS or the voluntary B‑cycle scheme – to include (other) small electronics, rather than establishing an entirely new scheme
whether and how a staged approach (e.g. by product or location) could be a cost‑effective way to sequence the addition of small electronics into a product stewardship scheme, whether new or existing
if staged by product, which products should be addressed first and why
what the costs and benefits would be (including estimates, where possible) of introducing a minimum threshold for the value of small electronics to be included in a product stewardship scheme
what compliance and enforcement arrangements would be necessary under a co‑regulatory scheme to encourage adoption and address ‘free rider’ behaviour
how else the scheme could support circularity earlier in a small electronic product’s life cycle, including sustainable design and reuse and repair activities.

	


Product stewardship for solar PV systems
Solar PV systems, including battery storage equipment, contain potentially hazardous substances such as cadmium and lead, and valuable materials including silicon and metals (US EPA n.d.). In Australia, the majority of end‑of‑life PV systems are sent to landfill or discarded in shredder floc, with some illegally dumped on roadsides or bushland. This can lead to toxic materials leaching into soil and water, air pollution from fires caused by embedded lithium‑ion batteries in storage equipment and the depletion of finite resources, including glass, used to manufacture new systems (CIE 2023b, p. 3). By 2030, glass as a material component of e‑waste is projected to increase by more than 170%, driven by the projected 18‑fold growth in the weight of solar PV system waste in Australia from 2019 (DCCEEW 2021b, pp. 7, 10).[footnoteRef:80] [80:  This includes both small household PV systems and those at large utility-scale sites, the collection for which is different but the breakdown of material the same, with potentially similar material recovery pathways (DCCEEW 2021b, p. 18).] 

Despite being the world’s largest installer of solar PV systems per person (IEA 2024, p. 12), Australian infrastructure is not currently capable of recycling these systems effectively and there is limited development of an end‑of‑life market for their components (WA Solar Recycling, sub. 34, p. 2; Gell, sub. 60, p. 2; BCA, sub. 99, pp. 2–3). Regional and remote areas, particularly in the Northern Territory and Western Australia, face specific barriers due to limited recycling infrastructure and high transport costs (Mathur, sub. 10, p. 3; WA Solar Recycling, sub. 34, p. 2). 
The early decommissioning of still well‑functioning solar panels is accelerating this waste. Contributing factors include rebate incentives[footnoteRef:81], preferences for newer models and renovations that require solar panel removal (WA Solar Recycling, sub. 34, p. 2; RMIT University Circular Economy Hub, sub. 31, p. 3; CPVA, sub. 62, p. 3). There is also no consistent approach across Australia to divert solar panels from landfill or close loops such that component materials (many of which are large Australian exports) are kept in circulation in the country (Gell, sub. 60, p. 1; CPVA, sub. 62, p. 3).  [81:  Under the Australian Government Small-scale Renewable Energy Scheme, Small-scale Technology Certificate rebates offer credit for installing and upgrading solar PV systems.] 

The Australian Government has announced its intention to develop a co‑regulatory product stewardship scheme for small‑scale[footnoteRef:82] solar PV systems to address many of these barriers.[footnoteRef:83] As with the proposed scheme for small electronics, organisations that import or manufacture PV systems above a certain threshold would fund the scheme by paying fees to a central administering body (appointed and overseen by the government) to provide drop‑off points, undertake recycling activities and manage contracts and payments with network operators (DCCEEW 2023, pp. 28–30).  [82:  By 2030, more than 80% of decommissioned solar panels are expected to come from small-scale (household) distributed PV systems due to the early development of Australia’s residential solar PV market, with waste panels from large-scale systems expected to grow faster after 2030 (ACAP 2024, p. 5).]  [83:  Small-scale PV systems would be systems of up to 100kW capacity. The Australian Government proposes to include all solar panels, inverters, attached cabling, racking and potentially household energy storage batteries in the legislated scheme (DCCEEW 2023, p. 10). The scheme would cover legacy waste (small-scale PV systems installed before the scheme commences) including over three million small-scale PV systems already in use, 90% of which are on domestic rooftops (DCCEEW 2023, p. 41).] 

Cost‑benefit analysis has found that scheme costs are likely to be outweighed by the environmental benefits of greater uptake of high‑efficiency recycling, with an estimated net economic benefit in present value terms of $7.2 billion (CIE 2023b, p. 8). Specifically, though scheme costs would ultimately be passed on to consumers in the form of higher upfront prices for solar PV systems, they are expected to be offset by the reduced price in charging for the decommissioning of these systems at the end of their life (CIE 2023b, p. 81). Inquiry participants also supported a national product stewardship scheme for PV systems (Resource Work Cooperative, sub. 30, p. 5; CPVA, sub. 62, p. 4; BCA, sub. 99, p. 2). 
International approaches to managing solar PV waste (box 9.2) have tended toward bespoke schemes, with manufacturers responsible for end‑of‑life systems through EPR. However, Australia imports the vast majority of its PV systems, mainly from China (IEA 2022, p. 43), making it challenging to implement an EPR model that relies on manufacturer take‑back (Lockrey et al. 2022, p. 14). The European Union, for example, though also a major importer of PV systems, relies on large multinational corporations with established compliance systems to meet EPR obligations. Australia also has more rooftop solar PV systems than other countries (Climate Council 2024, p. 4), with a significant proportion of these systems already approaching the end of their life (ACAP 2024, p. 5). This creates a need to also address legacy PV system waste, which is not typically covered under stewardship schemes that rely on manufacturer take‑back. 
A co‑regulatory scheme that shifts the cost of recycling to consumers could support sustainable management of PV system waste given Australia’s unique challenges, and encompass both new and legacy systems. Moreover, Australia is largely an importer of solar PV systems, and a national scheme led by the Australian Government would enable greater coordination where international supply chains and trade flows are involved. The PC therefore supports the Australian Government’s intention to establish a co‑regulatory product stewardship scheme to manage this waste.

	Box 9.2 – International approaches to managing solar PV system waste

	The European Union’s Waste Electrical and Electronic Equipment (WEEE) Directive is a regulatory framework designed to manage the end‑of‑life treatment of e‑waste. Under this directive, solar PV systems are classified as e‑waste and manufacturers are required to assume extended producer responsibility (EPR) for the collection, recycling and disposal of their products (Ndalloka et al. 2024, p. 4). Of the collected waste, the directive sets targets at 85% recovery and 80% preparation for reuse and recycling, and industry‑led programs such as PV CYCLE have established collection points, logistics systems and partnerships with specialised recyclers to facilitate efficient processing (EU 2012, p. 23; PV Cycle 2023a).
In 2023, PV CYCLE issued a position paper arguing that PV systems differ significantly from typical e‑waste covered by the WEEE directive, as they have different and longer product life cycles, generate electricity rather than consume it and are influenced by energy policies and subsidy mechanisms. PV CYCLE suggested that a tailored EPR framework would improve the end‑of‑life management of renewable energy products like PV systems, and invited the European Commission to conduct an impact assessment of EPR legislation specific to renewable energy equipment (PV Cycle 2023b).
Other movements towards product stewardship are taking place internationally.
China is beginning to address PV system waste through guidelines issued by the National Development and Reform Commission in 2023, which outline requirements for manufacturers to develop collection and recycling systems (Ndalloka et al. 2024, p. 4).
In the United States, state‑level initiatives are emerging in the absence of federal regulation addressing PV system waste. As of 1 July 2025, PV systems cannot be sold in Washington State unless the manufacturer has an approved stewardship plan (Ndalloka et al. 2024, p. 4).
Proposed legislation in Japan aims to mandate the collection and recycling by manufacturers of solar PV systems reaching their end‑of‑life (The Japan Times 2024). Industry commitment to developing recycling solutions for these systems has expanded in recent years (AGC 2023).
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	Reform direction 9.4
Product stewardship for small‑scale PV systems

	The PC supports the Australian Government’s intention to establish a co‑regulatory product stewardship scheme for small‑scale PV systems, including legacy waste, and is seeking further information on how the scheme could be designed and implemented to support materials productivity and economic outcomes.
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	Information request 9.3
Product stewardship for small‑scale PV systems

	The PC is seeking further information on:
whether large‑format or energy storage batteries should be included or excluded in the scheme (including estimates of the costs and benefits, if possible)
whether compensation should be provided for PV systems returned in good condition (including any estimate for this compensation and cost‑benefit considerations)
how best to establish a system of collection points for PV waste, including local government involvement, especially in regional and remote areas, and whether existing collection points such as those under the NTCRS could be leveraged
which specific industries or markets in Australia, if any, could benefit from the recovered materials of PV waste (including the size of these benefits, if possible)
how else the scheme could support circularity earlier in the solar PV system life cycle, including sustainable design and reuse and repair activities.
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	Key points
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	Harmonising policies and regulations that affect uptake of circular opportunities – but that unnecessarily vary across states and territories – would have net benefits to the community.
The Australian Government could lead on harmonising waste classifications, kerbside recycling requirements, recycled content specifications for infrastructure, and lithium‑ion battery waste management regulations, either through improved interjurisdictional arrangements or a new body.
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	Facilitation and coordination services can assist businesses to find circular opportunities, develop partnerships, and navigate complex regulatory arrangements. 
The PC is considering how governments could work with industry associations, research bodies and/or community organisations on coordination initiatives. This could include offering information on existing services, trialling new platforms, or facilitating connections between businesses for circular opportunities.
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	Governments can foster innovation in circular practices and technologies, and help connect researchers and industry to commercialise research.
The PC is considering challenge‑based funding models to encourage collaboration across supply chains.
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	Place‑based circular initiatives involve businesses co‑locating to innovate and share knowledge, reduce costs (e.g. on inputs and transport), and share infrastructure. 
The PC is seeking further input on how governments can use place‑based circular policies to support economic, social and/or environmental objectives – such as by reducing regulatory burdens, linking circular objectives to precincts or regions with related objectives (such as net zero) or service delivery (such as waste management and recovery).
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	Monitoring the circular economy will be necessary to measure Australia’s progress and inform government and business decisions, but the current set of circular economy indicators included in the Measuring What Matters framework is limited.
The PC is proposing that an expanded set of indicators could include environmental and economic outcomes from circular activities, so that the data can be used to identify opportunities and measure improvements made. But feasibility could be limited by high data collection costs for some indicators.



Across all sectors, there is evidence that some businesses are improving materials efficiency, employing a variety of innovative circular techniques and technologies, and developing market opportunities. Businesses and households are responding to a variety of signals and motivations, ranging from financial considerations (higher profits through lower costs or higher revenues) to environmental and social concerns. While there are barriers unique to each sector, there are also institutional and system‑wide reasons why businesses and individuals do not pursue circular activities. This chapter explores these cross‑cutting issues. 
Important context is the emergence of a national policy framework to support circularity. Until recently, circular policy in Australia focused primarily on the end of the product life cycle (waste and recycling). Reflecting the locus of this policy responsibility, the main actors have been state and territory governments. 
The recent Circular Economy Ministerial Advisory Group (CEMAG) final report (DCCEEW 2024d) brought forward a number of cross‑cutting policy recommendations, including a stronger policy role for the Australian Government. A key recommendation was to introduce a Circular Economy Act, with this legislation to provide an ‘overarching, integrated regulatory framework for the Circular Economy [and] equip the Australian Government with a streamlined, agile and proactive tool to regulate the environmental performance of materials and products’ (DCCEEW 2024d, p. 35). The recommendation suggests the Act should provide a framework for issues such as eco‑design, information disclosure, product stewardship and labelling.
The PC has previously noted that best practice regulatory and legislative reform involves taking a stepped approach to emerging issues. This involves three stages: assess existing regulation and legislation to see if it is fit‑for‑purpose to address emerging issues; if not, clarify or amend them to address gaps; and if this is not possible, then introduce new regulation or legislation that appropriately balances benefits and costs.[footnoteRef:84] In proposing reform directions for this inquiry for both specific sectors (chapters 4–9) and system‑wide (this chapter), the PC has generally been able to identify existing regulations that could amended or improved in how they are applied. Where new regulation or legislation is required, this is likely to be more appropriately introduced as a standalone piece, rather than an overarching Act. [84:  See, for example, the PC’s submission on regulating the use of artificial intelligence in health care (2024, pp. 4–5).] 

[bookmark: _Toc190959818][bookmark: _Toc191395550]System‑wide policies to support a circular economy 
A key theme cutting across sectors was the need for governments to reduce regulatory barriers to greater circularity – particularly inconsistency of regulations across Australia – and help businesses navigate complex and time‑consuming regulations. Governments can also support innovation and investor confidence in circular initiatives. And governments can bring parties together, including with place‑based approaches. 
Harmonising regulations across states and territories
Circular economy opportunities are diverse, and often involve more than one sector, location or process. As such, businesses pursuing circular economy activities – larger businesses operating nationally, or smaller businesses operating in one location and seeking to grow – can be affected by numerous policies and regulations. Where regulations differ across states and territories, this can impose additional costs on circular activities. 
Inquiry participants identified a range of regulations that are inconsistent across jurisdictions, including:
waste management and resource recovery[footnoteRef:85]  [85:  For example, ACCI (sub. 76, p. 3); AFGC (sub. 105, p. 7); Vinyl Council of Australia (sub. 32, p. 2); Arup (sub. 52, p. 5); RAI (sub. 100, p. 7); CIF (sub. 103, p. 13); Hunter Joint Organisation (sub. 172, p. 14). This issue was also raised in the PC’s consultations with industry participants.] 

environmental approvals (ABRI, sub. 27, p. 6)
allowable content for recycled materials in infrastructure construction (chapter 4) 
bans on lithium‑ion battery disposal, recycling and classification (chapter 9) 
planning and zoning (Xseed Solutions, sub. 7, p. 14; Australian Pork Limited, sub. 69, p. 2; PC consultations with industry participants)
health regulations (ACOR, sub. 75, p. 37; CIPS Australia and New Zealand, sub. 161, p. 6). 
Different settings for different jurisdictions can be justified where local environments and activities differ. But there are also examples where the inconsistency can lead to missed opportunities, such as businesses expanding into new regions or utilising waste products. In such cases, jurisdictional regulations could be harmonised to reduce the regulatory burden on businesses – particularly where the differences between regulations are definitional or administrative, rather than substantive or relating to outcomes. 
For example, inconsistent waste classifications at the state and territory level can prevent gains in materials efficiency (box 10.1). The Heads of EPA Australia and New Zealand (HEPA) Strategic Plan 2022–2025 includes a direct action to ‘align, as far as practicable, waste classifications, including e‑waste and organics’ (HEPA 2021, p. 5) and provide advice and guidance to ‘develop nationally consistent regulatory guidance on management of agreed high priority wastes’ (HEPA 2021, p. 5). 

	Box 10.1 – Inconsistent waste classifications can be a barrier to materials efficiency

	Waste is classified and regulated to manage risks of harm to human health and the environment. However, inconsistent waste classifications and regulations across states and territories create additional costs and burdens for businesses that operate in multiple jurisdictions. Differing waste classifications also impact businesses’ decisions on where to locate or expand. Fragmented regulations may pose significant administrative barriers to businesses trying to expand into new regions (DCCEEW 2024d, p. 44).
Digestate[footnoteRef:86] is an example of a material that is classified as a reportable priority waste residue in some jurisdictions (Infrastructure Victoria, sub. 28, p. 4). ‘This inconsistency is an impediment to investment and cross‑border trade’ (Jemena, sub. 106, p. 4), such that circular opportunities involving digestate are not realised. The benefits of digestate include improving plant growth and soil quality, reducing the need for fertilisers (EPA Victoria 2024c) and as a substitute for synthetic fertilisers. [86:  Digestate is a by‑product of anaerobic digestion, an organic recovery process that generates biogas. Chapter 5 discusses anaerobic digestion in further detail.] 

Other materials raised by participants that present opportunities for recycling or reuse, but for which the waste classification is currently a barrier, include biosolids (ANZBIG, sub. 173, p. 47; GlobalPSC, sub. 149, p. 45), fly ash (BCSDA, sub. 175, p. 23), scrap steel (CODA, sub. 46, p. 16) and concrete (CCAA, sub. 55, p. 15).

	


Households can also benefit from more harmonised regulations, such as for kerbside collection (box 10.2). By making it easier for households to segregate waste streams, harmonised kerbside collection improves the quality of the materials that can be recovered from waste. The December 2024 Environment Ministers’ Meeting (EMM) agreed to progress a roadmap to harmonise kerbside collection services (DCCEEW 2024f, p. 1). 

	Box 10.2 – Harmonising kerbside collection supports recovery of valuable materials

	The majority (approximately 90%) of Australians have access to kerbside municipal waste collection and recycling services (DCCEEW 2024p, p. 5). However, what can and cannot be included in kerbside recycling bins and food organics and garden organics bins differs across local governments. This can make it hard for households to understand what can be put into their different bins, which contributes to contamination of kerbside recycling (DCCEEW 2024p, pp. 7–8).
Contamination of kerbside recycling increases collection and recycling costs, and lowers the value of recycled materials. For example, when co‑mingled recycling is contaminated by soft plastics, items in plastic bags and clothing, these items get caught in sorting machinery and need to be manually removed before sorting can recommence (Sustainability Victoria 2023). Contamination can also lead to otherwise recyclable items being sent to landfill (Queensland Government 2024d).

	


While harmonising regulations across jurisdictions would make it easier for organisations to pursue circular innovations, changes to regulations need to balance environmental and economic risks and benefits, and consider the cost of change, as well as any new enforcement requirements for governments. The broader objective for governments is to ensure that new and existing regulations are appropriate, effective and efficient, and that regulatory reform efforts are both coordinated and cost‑effective. Governments also need to design and implement regulations that are adaptable and responsive to emerging risks, such as issues with hazardous materials in waste streams. [footnoteRef:87] [87:  For example, in December 2024 Environment Ministers agreed to publish an updated PFAS National Environmental Management Plan, complementing the standards established under the Industrial Chemicals Environmental Management Standard which addressed the environmental impacts of PFAS (per- and polyfluoroalkyl) and related substances from 1 July 2025 (DCCEEW 2024f). ] 

The Australian Government could coordinate harmonisation efforts
Coordination between state and territory governments takes time and direction, and effective regulatory changes require political will and buy‑in from key stakeholders. The Australian Government would need to play a leadership role in facilitating harmonisation across jurisdictions. Appropriate governance arrangements around the coordination mechanism would enable jurisdictions to more effectively agree on how regulations should be harmonised (for example, alignment to which settings), identify other potential inconsistencies that may benefit from harmonisation, and agree where exclusions or location‑specific settings may still be required (for example, to accommodate for unique geography). 
The Environment Ministers’ Meeting (EMM) already provides a mechanism for communicating the high‑level agreements it reaches across Commonwealth, state and territory governments. This supports the authorising environment for Environment portfolios to work together alongside channels such as HEPA and officer‑level working groups and communities of practice. Some of these bodies are already progressing harmonisation initiatives relevant to the circular economy. For example, Australian governments are working together on the National Kerbside Collections Roadmap under in‑principle agreement from EMM (DCCEEW 2024p), and HEPA’s Strategic Plan includes an action to align waste classifications (discussed above). 
There may be ways to increase the effectiveness of existing mechanisms for coordination. For example, the Australian Government could play a more active role in driving change, such as by chairing and agenda setting, providing secretariat and/or other resourcing. In addition, an intergovernmental agreement could formalise a commitment by Australian and state and territory governments to work together to harmonise regulations, and set out timeframes for achieving harmonisation on specific areas. Although not legally binding, intergovernmental agreements can be effective at motivating progress, particularly when supported with Australian Government funding. 
Alternatively, a new interjurisdictional body could be set up to coordinate harmonisation of regulations across states and territories. CEMAG’s final report (DCCEEW 2024d, p. 44) suggested that existing governance mechanisms (e.g. Environment Ministers’ or senior officials’ meetings), have not resolved longstanding regulatory inconsistencies and recommended creating a dedicated body to facilitate harmonisation. The proposed body would be similar to the Australian Building Codes Board, with a mandate to address inconsistent regulatory barriers to circular opportunities, and would allow input from industry and experts to identify key areas for harmonisation (DCCEEW 2024d, p. 44). The effectiveness of such a body would depend on a range of factors such as its structure, remit, resourcing and level of support from jurisdictions.
The PC is considering a reform direction that would have the Australian Government take a coordination role in harmonising regulations across jurisdictions to enable greater circularity. The PC is seeking feedback on the appropriate governance mechanism, including any benefits and drawbacks. 
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	Reform direction 10.1
Governance arrangements to harmonise regulations that pose barriers to circularity

	The PC is proposing that the Australian Government facilitates coordination between state and territory governments to harmonise inconsistent regulations across jurisdictions. The PC is considering how existing coordination mechanisms in Environment portfolios can be made more effective, what the role for the Australian Government should be in driving change (such as chairing, providing secretariat and/or resourcing, setting the agenda, leading the development of an intergovernmental agreement), and whether a new interjurisdictional body dedicated to circular economy harmonisation efforts is both practical and warranted.
Coordination would enable governments to agree on what settings regulations should be harmonised to, and how. A preliminary set of state and territory regulations for consideration might include: 
waste classifications (building on the strategic direction outlined by the Heads of EPA Australia and New Zealand) 
specifications for using recycled materials in infrastructure projects (chapter 4)
lithium‑ion battery waste management regulations (chapter 9).
Intergovernmental coordination would also support the identification of other harmonisation opportunities. These may include specific inconsistencies in planning, zoning and health regulations that relate to environmental impacts and are presenting barriers to circular economy growth.
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	Information request 10.1
Governance arrangements to harmonise regulations that pose barriers to circularity 

	The PC is interested in further information on the following questions:
How could existing intergovernmental coordination mechanisms in Environment portfolios – such as the Environment Ministers’ Meetings, Heads of EPA forums and/or officer‑level communities of practice – be improved to more effectively and quickly harmonise inconsistent regulations that are limiting uptake of circular opportunities? What would be the costs of these changes?
What would be the benefits of setting up a new institutional body to oversee harmonisation efforts? How would such a body need to be structured to improve on current arrangements, and what would be the costs of setting up and running it?
Apart from those identified in reform direction 10.1, what other inconsistent regulations (such as planning, zoning and health regulations) are presenting barriers to circular opportunities? How well do existing intergovernmental coordination mechanisms in other portfolios take into account the impact of these regulations on circular opportunities?

	


Assisting businesses to navigate regulations and develop partnerships
Businesses may have to navigate many regulations across different departments or levels of government to take up circular opportunities. Harmonising inconsistent regulations where possible (discussed above) will reduce regulatory complexity, but such efforts take time. Reflecting the difficulties that businesses can have in gaining all required approvals under the current system, participants raised the need to streamline regulations to make it easier to realise circular opportunities (Veolia Australia and New Zealand, sub. 8, p. 6; Xseed Solutions, sub. 7, p. 6; Shelley, sub. 72, p. 4). 
Coordination and facilitation services can help businesses to deal with regulatory complexity. Some inquiry participants have sought private consultants to assist with navigating regulations across multiple departments and levels of government, with positive results. And in communities and precincts where place‑based circular hubs have developed (discussed below), there is often a local organisation or business leader acting as ‘transition broker’ to enable shifts towards circularity, including support to navigate regulatory and funding approval processes (DCCEEW 2024d, p. 75). However, not all businesses seeking to pursue circular opportunities are aware of, eligible for, or able to afford these services. There may also be a limited number of people with the appropriate knowledge to provide these services. 
In this context, governments can also play a role in helping organisations to navigate complex regulations. For example, Container Exchange Queensland (sub. 83, p. 7) worked closely with the Queensland Government to overcome regulatory constraints and align with evolving state and national regulations. And CEMAG’s final report recommended that the Australian Government should support transition brokers in circular precincts, such as by connecting those in different regions to share transferrable learnings (DCCEEW 2024d, p. 74). 
Businesses also benefit from connecting with each other on circular opportunities, such as to adopt circular processes along the supply chain or to diffuse innovative circular approaches. But they may not have the time or knowledge to identify opportunities that could have both economic and environmental benefits. And some businesses may avoid collaborating for competitive reasons, or to ward off perceptions of anti‑competitive behaviour (Nous Group 2019, p. 19). CEMAG noted that clear, accessible guidance on regulatory requirements, legal considerations and best practices for collaboration would reduce uncertainty for businesses looking to collaborate (DCCEEW 2024d, p. 64).
Governments can play a coordinating role by offering information or facilitating connections between businesses looking to take up circular economy technologies or find partners for circular activities (such as markets for waste streams via a materials information exchange platform). Finding the right partners for circular projects can catalyse success, but can be difficult, particularly in regional and remote areas. According to the Bega Local Aboriginal Land Council: 
We would be interested in government helping connect us with partners, such as universities or other like‑minded organisations. There could be a role for an organisation like a university that’s interested in building circular economy partnerships. There’s a lack of recognition that in rural and regional areas there aren’t many big players to partner with. (Bega LALC, sub. 185, p. 2)
Small businesses may also experience greater challenges finding partners due to a lack of time, knowledge and resources. In its final report, CEMAG recommended that governments support businesses to collaborate up and down supply chains, with small to medium enterprises requiring different support services to larger organisations (DCCEEW 2024d, p. 60).
Coordination initiatives can stretch across several locations and stakeholders. For example, the Hunter Joint Organisation (sub. 172, p. 7) is a collaboration amongst Hunter Councils that engages stakeholders from diverse sectors to collaborate on innovative circular solutions. And Hume City Council is working with Victoria University and Circular Economy Victoria to explore circular economy opportunities across business, social enterprise, industry, residents and interest groups through its Collaborate to Thrive program (Hume City Council nd, p. 63). Another collaboration with the university sector is UNSW’s SMaRT Centre (sub. 4, p. 3) partnership with Shoalhaven City Council and Kandui Technologies, using new technology to transform problematic glass and textiles waste streams into materials for use in the built environment.
Governments can use existing tools and platforms to support coordination between businesses. For example, ASPIRE[footnoteRef:88] is an online brokering platform that facilitates materials exchange, matching waste producers with potential users of that waste. Several local governments, including Logan City Council (sub. 61, p. 1) and some in northern Tasmania (Tasmanian Times 2020), have trialled ASPIRE to encourage businesses to exchange materials that would otherwise have been discarded. However, there has been low uptake in some areas, potentially reflecting that the circular economy is still a relatively new concept and awareness of the benefits to businesses is currently low. [88:  ASPIRE was developed by CSIRO and Data61 in response to Australian businesses and local councils who were seeking a solution to waste disposal costs. It was transitioned to a commercial operation in 2019 (ASPIRE nd).] 
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	Reform direction 10.2
Supporting coordination, facilitation or brokering services

	The PC is considering a reform direction on government support for services to assist businesses in finding circular opportunities and partners, and navigating the complex regulatory environment. This could include governments facilitating access to coordination services through trials or raising awareness of relevant initiatives. Governments may, in some cases, choose to collaborate or partner with businesses and other stakeholders on circular opportunities. 
Special arrangements may be required to assist businesses and other organisations to find partners for circular projects in regional and remote areas, and for small and medium businesses.
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	Information request 10.2
Supporting coordination, facilitation or brokering services

	The PC is interested in further information on supporting businesses and communities to identify circular opportunities and develop partnerships:
What government initiatives could most effectively support businesses’ coordination? 
How could governments use or build on existing platforms for information sharing or collaboration?
Are there examples of governments partnering with intermediaries, such as industry associations or other network bodies, to support collaboration? How might this be further strengthened? 
What would be the benefits and costs associated with these initiatives, in terms of economic, environmental and/or social outcomes?
What lessons could be learned from successful government initiatives supporting facilitation or coordination in other industries?
Are there special considerations for how governments might support businesses to identify partners in regional and remote Australia? 
How could governments support Aboriginal and Torres Strait Islander businesses and communities to identify opportunities and partnerships? What current or new initiatives could be adopted or extended?
How do the needs of small and medium businesses or organisations differ from larger businesses or organisations in relation to adopting circular practices, and how might governments best support this cohort? 
The PC is interested in further information on navigating regulatory complexity:
What are the barriers to knowledge (or transition) brokers, project officers, community development officers and the like effectively assisting organisations to navigate regulatory complexity?
To what extent is there a need for government to provide services, given that there are already private consultant services that can support businesses to navigate regulations?
What kind of regulations do businesses most need help navigating to pursue circular opportunities? Are these at Commonwealth, state and territory, or local government level? 

	


Supporting the adoption and diffusion of circular innovations
Innovation is core to achieving a more circular economy, and governments can assist businesses to adopt new technologies and processes with funding and other support. Existing Commonwealth programs that do or could support circular innovations include: 
the National Reconstruction Fund, which provides debt, equity and guarantees ‘to support Australian projects that drive high‑value industry transformation’ (National Reconstruction Fund Corporation nd). Renewable and low‑emission technologies is one of seven priority areas, which can include commercial opportunities for manufacturing products related to recycling and waste reduction or resource recovery (National Reconstruction Fund Corporation 2023) 
A Future Made in Australia, with five industries supported in the 2024‑25 Budget (renewable hydrogen, critical minerals processing, green metals, low carbon liquid fuels and clean energy manufacturing including battery and solar panel supply chains) (Australian Government 2024a, p. 2) 
public research funding, including to the CSIRO and universities
Cooperative Research Centres grants and Cooperative Research Centres Projects grants, which provide funding for industry‑led research collaborations (Commonwealth of Australia 2024a, 2024b)
sector‑based initiatives, such as Research and Development Corporations
Green Bonds (discussed below).
There are barriers to accessing and using government programs and grants for circular economy innovations (ACOR, sub. 75; RAI, sub. 100; consultations with inquiry participants). Some businesses are unaware of available programs or face high application costs. Grants may provide financial support over shorter time periods than projects need, and applying for some grants precludes applicants from applying for others. Some grant programs (such as the National Reconstruction Fund) are not available to circular economy projects in all sectors or supply chains or have restrictive conditions that do not align with local needs. 
And innovation goes beyond any one business – diffusing knowledge and collaborating across supply chains is integral to harnessing the full benefits of circularity. Australia’s Circular Economy Framework identifies business‑to‑business collaboration as essential for circular economy innovations (DCCEEW 2024b, p. 27), and governments can play a role in supporting this. As an alternative to grants, governments can fund innovation through challenges or missions that reward collaboration across the supply chain.[footnoteRef:89] Governments can also provide shared infrastructure for innovation, including as part of place‑based initiatives (discussed below). And they can support greater collaboration between industry and academia so that innovative research that improves circularity can be commercialised.  [89:  Unlike traditional approaches to innovation, mission-oriented or challenge-based innovation is designed to align research, innovation and policy around clear, ambitious goals and encourage cross-disciplinary collaboration (Monash University, sub. 138, p. 5; AAS and ARC Centre of Excellence in Synthetic Biology, sub. 144).] 

Several inquiry participants suggested governments could do more to provide subsidies and tax incentives to encourage investment in circular opportunities, such as tax credits or accelerated depreciation (ANZBIG, sub. 173, p. 45; Civil Contractors Federation, sub. 42, p. 5; Monash University, sub. 138, p. 16). Tax policy settings have implications for business investment and productivity beyond the circular economy and therefore need to be assessed in a broader context. 
The PC is interested in exploring how governments can specifically support circular economy‑related business innovation, and how governments can strengthen collaborative networks to help diffuse innovation and support economic diversity and capability. The PC (2023a, p. 49) has previously suggested that working with intermediaries that have existing connections between industry, government, researchers and markets, such as industry associations and other network bodies, would support diffusion. 
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	Reform direction 10.3
Supporting greater adoption and diffusion of circular innovations 

	The PC is considering a reform direction on government support for businesses to adopt and diffuse innovative circular practices and technologies. This could involve working with intermediaries that have existing connections between industry, government, researchers and markets, such as industry associations and other network bodies. The PC is considering:
challenge‑based funding models to encourage innovation across supply chains
how governments can connect researchers and industry to commercialise innovative research. 
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	Information request 10.3
Supporting greater adoption and diffusion of circular innovations 

	The PC is interested in further information on challenge‑based funding for innovation:
Are there examples of circular economy innovations that have been successfully funded through challenges (in Australia or internationally) and what determined their success? 
What might be the benefits and limitations to this approach? What are the likely costs? 
The PC is interested in further information on connecting industry and research:
What are useful models for how government can connect industry and researchers? When is this best done at the industry level, and when by location (such as a region or local government area)? 
Are there examples of successfully adopting or diffusing circular innovations across supply chains? 
What are additional examples of Australian, state, territory and local governments successfully fostering these connections? 
The PC is interested in further information on Aboriginal and Torres Strait Islander knowledges and circular innovations:
What actions could governments take to value Aboriginal and Torres Strait Islander knowledges, in ways that protect Indigenous cultural and intellectual property, in the adoption and diffusion of circular innovations?

	


Improving investor confidence in circular opportunities
The Responsible Investment Association Australasia found 36% of surveyed Australian investment managers incorporated waste management, zero waste or circular economy‑related investments into their strategies (Dandarvanchig et al. 2024, p. 32). However, investors can be reluctant to invest in circular economy opportunities due to a lack of credible information about businesses’ circularity performance, regulatory and policy uncertainty and fragmentation, and access to insurance. 
While some participants noted uncertainty about the veracity of businesses’ circularity claims (Circular Australia, sub. 126, p. 5), a broader issue is the lack of widespread reporting and disclosure about circularity. Environment, social and governance (ESG) reporting can provide investors with information about a company’s environmental performance but has a way to go before circular activities are embedded and codified. Mandatory climate‑related financial disclosures (which includes scope 1, 2 and 3 emission metrics and targets) commenced on 1 January 2025 (ASIC 2024a, 2024b) and will start to provide transparency for investors on emissions‑related circular activities by large companies. 
The Australian Sustainable Finance Institute (ASFI) is, in partnership with the Australian Government, developing an Australian sustainable finance taxonomy to support sustainable finance markets in Australia (ASFI nd).[footnoteRef:90] The framework will provide a set of classifications that defines what qualifies as a circular activity, supporting investors to identify and finance these opportunities. ASFI proposes the taxonomy include, among other things: designing out waste and pollution; shifting to renewable and long‑lived materials; implementing more materials‑efficient production processes and circular business models; circulating materials and products at their highest value; and regenerating nature (ASFI 2024, p. 21). [90:  The 2024-25 Budget provided funding to extend Australia’s sustainable finance taxonomy to the agriculture sector and develop an investment product labelling regime for financial products marketed as sustainable (Australian Government 2024a, p. 4).] 

The Australian Government supports investment in circular economy activities through its Green Bond program. The first Green Treasury Bond was issued in June 2024 with the aim to ‘enable investors to back public projects that drive Australia’s net zero transformation and support environmental objectives’ (The Treasury nd). Green Bond proceeds can be used to finance government programs that improve environmental outcomes, including circular objectives about reducing and recovering waste (AOFM 2023, p. 16). 
Inquiry participants also stated that investor confidence can be undermined by the complex and fragmented regulatory environment (discussed above), particularly for resource recovery and recycling (ACOR, sub. 75, p. 6). Participants noted that establishing a consistent national policy framework would provide certainty and encourage investment in circular economy initiatives (Veolia Australia and New Zealand, sub. 8, p. 6). 
A lack of access to insurance was raised as another challenge for investment in some parts of the recycling sector (ACOR, sub. 75, p. 24; BSC, sub. 140) and for some repair, resale and reuse activities (Toy Libraries Australia, sub. 130; Smith, sub. 14). However, the extent to which insurance represents a widespread barrier to investment and growth in circular activities is unclear, and the insurance sector covers a complex and broad range of risks and operations. As such, further information is required to identify which parts of the circular economy are most impacted by limited access to insurance and determine whether government action is warranted in this space.

	[image: ]
	Information request 10.4
Improving investor confidence in the circular economy 

	The PC is interested in further information on the following questions:
Will the proposed Australian sustainable finance taxonomy and enhanced ESG reporting provide sufficient information for investors to make informed decisions about circular economy projects? Or are further initiatives, required to improve investor confidence in the circular economy?
What are examples of sectors or circular activities being impacted by the cost and availability of insurance? What factors or risks currently determine insurance availability (or lack thereof)?

	


Facilitating place‑based circular initiatives 
Place‑based approaches to developing the circular economy target the specific needs of a location and its community across economic, social and/or environmental dimensions (DCCEEW 2024d, p. 71). Place‑based approaches that draw on the unique strengths and resources of each region can improve coordination in a circular economy and reduce duplication and unnecessary expenditure. Place‑based initiatives:
foster economies of agglomeration so that innovation occurs amongst organisations with similar objectives (for example, lowering environmental impacts from materials use)
reduce the distance and therefore transport costs (including time and emissions savings) between organisations along the supply chain, such as downstream customers and upstream suppliers and inputs
enable co‑located organisations to make use of co‑located infrastructure.
Place‑based circular economy hubs or precincts can emerge from private commercial motivations. For example, in WA’s Kwinana Industrial Area, multi‑dimensional interrelationships within the industrial ecology allow for materials exchange, sourcing skilled workers and specialist contractors, and collaboration with government on infrastructure, land‑use planning, environmental regulation and other aspects of the precinct (Oughton et al. 2022, p. 1321). 
Commercial, community and environmental motivations can also be linked. In the Bega Valley in New South Wales, local business partnerships support circular economy outcomes – such as utilising waste streams,[footnoteRef:91] synergistic agricultural practices such as ‘enterprise stacking’, and regenerating nature – as well as regional economic development objectives.  [91:  For example, The Bega Group’s dairy factory boiler runs on wood waste and fly ash residue used as a lime replacement on pastures, and extracts milk minerals from whey waste using a new evaporator (Courtney 2024). ] 

Place‑based connectivity also has broader benefits such as local jobs creation, social engagement and cohesion, as evident at the Cherbourg Materials Recovery Facility, on Wakka Wakka Country in Queensland. And in establishing place‑based circular initiatives, there is opportunity to integrate caring for Country principles and Aboriginal and Torres Strait Islander knowledge systems so that these resource management and regenerative practices can be undertaken (Bega LALC, sub. 185, p. 1; DCCEEW 2024d, p. 29).
Governments’ roles in place‑based initiatives will vary
Governments may be able to address coordination issues or other barriers to place‑based initiatives that businesses or the community identify. However, place‑based approaches require a holistic understanding of the context, readiness, strengths and constraints of a community and location.
Successfully developing a circular precinct relies on understanding the context of the place and its people, exploring how it will fit into the broader system, considering existing policy, industry and environmental opportunities and constraints. This … involves building a connection to people and the land, mapping current needs and conditions and responsively, co‑designing precinct scale, vision and objectives with stakeholders. (Circular Australia 2024, p. 7)
Place‑based initiatives can emerge from government service delivery or infrastructure. For example, some local, state and territory governments have commissioned or are in the process of commissioning materials recovery facilities as place‑based solutions to waste management services.[footnoteRef:92] The Queensland Government’s Recycling Enterprise Precinct Location Strategy provides ‘guidance on potential locations for the establishment of a network of Recycling Enterprise Precincts across Queensland’ (E3 Advisory 2022, p. 5).  [92:  These include the Cairns Regional Council Materials Recovery Facility, funded by the Queensland Government and the Cairns Regional Council (Cairns Regional Council 2022), the West Nowra precinct set up by Shoalhaven City Council in partnership with the UNSW SMaRT Centre (Local Government NSW 2022), and the Cherbourg Materials Recovery Facility run by the Cherbourg Aboriginal Shire Council.] 

Governments can also enable place‑based initiatives by streamlining regulation and expediting approvals, such as environmental approvals and planning and zoning processes. For example, to facilitate innovation the NSW Government has established regional Special Activation Precincts, which have streamlined planning and approval processes (Regional Growth NSW Development Corporation nd). The precincts are intended to support circular economy principles and drive resource-efficient outcomes, while also achieving broader regional development objectives. And integrated planning processes (discussed in chapter 4) can improve environmental and economic outcomes by incorporating place‑based considerations alongside governments’ decisions about land use, service delivery and infrastructure investment.
Place‑based circular opportunities are likely to be found in existing precincts set up with objectives similar to circular economy objectives. For instance, Barangaroo was Australia’s first urban precinct to be awarded carbon neutral certification by the Australian Government (Infrastructure NSW 2019), and the precinct has a sustainability commitment to responsibly manage waste, divert waste from landfill and produce zero waste emissions (NSW Government nd). CEMAG’s final report recommends that governments support precincts (such as net zero and advanced manufacturing precincts) to adopt circular economy principles into their design and operation (DCCEEW 2024d, p. 74).
All levels of government provide financial support for place‑based circular initiatives. For example:
Australian and state and territory government grants through the Regional and Remote stream of the Recycling Modernisation Fund support recycling infrastructure capacity in regional and remote Australia (DCCEEW nd)
grant funding from the NSW Government supported the establishment of the National Centre for Circularity (Bega Valley Shire Council, sub. 166, p. 3) 
the Queensland Government and the Cairns Regional Council provided funding for the Cairns Regional Council Materials Recovery Facility (Cairns Regional Council 2022) 
the City of Melbourne funded businesses in the Kensington Circular Economy and North and West Melbourne Circular Economy Precincts to adopt circular solutions, such as reusable milk keg systems and a community‑led compost network and repair hub (City of Melbourne nd, nd).
As the unique needs and strengths of each place differ, the PC has no ‘one size fits all’ recommendation to governments providing financial support for place‑based circular initiatives. Governments should weigh up the expected net benefit from their spending on each project, noting that projects may have economic, environmental and social benefits and could take many years to reach success. Government support should be designed in such a way that it can be phased out over time by allowing local circular activities to grow and sustain themselves. Any government programs or measures need to allow for sufficient establishment time, whilst also making it clear upfront that funding will not be continued indefinitely for those projects that do not lead to the anticipated benefits or sustain success. The Victorian Government has identified indicators of community (and government) readiness that help make place‑based approaches successful (Victorian Government nd, p. 28).
There may be regions or communities that can benefit more than others from financial support; for example, CEMAG recommended grant funding to support circularity in remote and very remote Australia, including for waste collection, recycling, reprocessing and remanufacturing (DCCEEW 2024d, p. 74). But grants are not necessarily the best model for supporting place‑based approaches. One participant noted the difficulties inherent in relying on short‑term grant funding to run long‑term programs, and suggested a better approach is wrap‑around support to build an organisation’s capability, or a procurement model: 
Instead of always having to rely on grant funding we would prefer a model where government procures our services … [We are] working with a consultant to develop a cultural land management program and pricing matrix. This will then be presented to the federal government, to show a methodology for pricing and procuring parts of a land management program. (Bega LALC, sub. 185, p. 2)
Governments contemplating support for place‑based circular initiatives should consider:
if a place‑based approach would be an appropriate response to local opportunities or challenges 
how current incentives motivate organisations to co‑locate without government intervention
how government intervention could be targeted to address any specific barriers (e.g. coordination) and what is the best delivery model 
whether the place‑based initiative is able to sustain itself when government funding ends.
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	Reform direction 10.4
Government support for place‑based circular initiatives

	The PC is considering how governments at all levels could consider whether there are opportunities to enable place‑based circular initiatives within their jurisdictions. As a first step, governments could consider:
how existing precincts with related objectives (such as net zero) might integrate greater circularity
setting up or expanding materials recovery facilities as a basis for place‑based circular activities
whether there are opportunities to reduce regulatory barriers to place‑based circular activities (such as expediting approvals or planning processes).
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	Information request 10.5
Government support for place‑based circular initiatives

	The PC is interested in further information on the following questions:
To what extent are existing precincts (such as those set up for net zero, advanced manufacturing, or Special Activation Precincts) already engaged in circular activities? What are some of the ways to encourage further circular activities in these precincts?
What are the barriers (and possible solutions) to expanding or setting up materials recovery facilities? How might facilities provide a basis for place‑based circular opportunities? Are there examples of this?
What service provision and funding models would best support place‑based circular activities, including reuse, repair, waste collection and recycling activities in remote and very remote areas?
What are the main regulatory barriers that communities or businesses face in establishing place‑based circular initiatives? 
What other kinds of government assistance or support do communities or businesses need to enable successful place‑based circular precincts (such as coordination or facilitation, as in information request 10.2)?
What actions could governments take to facilitate Aboriginal and Torres Strait Islander roles in progressing place-based circular initiatives?
What actions could governments take to value Aboriginal and Torres Strait Islander knowledges, in ways that protect Indigenous cultural and intellectual property, to identify and develop place-based circular opportunities?

	


Reforming packaging regulation 
Packaging is an example of a cross‑cutting issue that affects materials productivity and efficiency. Packaging serves several important functions in the economy but can have negative environmental impacts (chapter 5). In Australia, packaging is regulated by a co‑regulatory product stewardship scheme between industry and government (chapter 2), as established by the National Environment Protection (Used Packaging Materials) Measure 2011 (Cth). The scheme creates obligations for brand owners to design more sustainable packaging to increase recycling and reduce litter. Packaging producers are required to either become a signatory to the Australian Packaging Covenant and fulfil the obligations of the covenant (set by industry), or be covered by relevant state or territory packaging regulations. 
Inquiry participants stated that the current co‑regulatory scheme is inconsistently enforced, resulting in free‑riding and reduced business confidence (AFGC, sub. 105, p. 3; MP Consulting 2021, p. 4; Veolia Australia New Zealand, sub. 8, p. 1). The Australian Packaging Covenant Organisation reported that only 20% of plastic packaging was recovered for reuse in 2022, well behind the target of 70% (APCO 2024, pp. 5, 13). 
Australian, state and territory Environment Ministers have agreed the need to reform packaging regulation (DCCEEW 2022a, p. 2). The Australian Government consulted publicly on three reform options in late 2024: stronger compliance and enforcement of the existing scheme, introducing mandatory standards such as bans on concerning materials and minimum recyclability requirements, or introducing a mandatory product stewardship scheme with eco‑modulated fees. As of February 2025, the government is yet to publicly release its preferred model or underlying analysis.[footnoteRef:93]  [93:  The Australian Government is also in the process of reviewing the Recycling and Waste Reduction Act 2020 (Cth), which will consider the limitations of current approaches to product stewardship (DCCEEW 2024r), and is consulting with industry on a new framework for the classification of packaging materials based on recyclability through kerbside collection (DCCEEW 2024e, p. 4).] 

Many inquiry participants supported a mandatory product stewardship scheme for packaging (Boomerang Alliance, sub. 2, p. 1; Pact Group, sub. 77, p. 2; TEC, sub. 79, p. 6; Tetra Pak, sub. 41, p. 3; Veolia ANZ, sub. 8, p. 1; WMRR, sub. 168, p. 6). They argued a mandatory scheme would facilitate more equitable cost sharing for collecting, sorting and recovering packaging across industry, and provide additional funding for measures such as improving recycling infrastructure or educating households on waste sorting behaviours. 
There is limited public information with which to assess potential benefits and costs of a mandatory stewardship scheme for packaging. While there are international examples of such schemes, most have only operated for a limited time or are yet to commence, making it difficult to assess their effectiveness. For example, the Netherlands’ scheme became mandatory in 2022 (Lewis et al. 2023, p. 9), and the United Kingdom made substantial changes to their mandatory scheme in 2024 (UK DEFRA 2024). Mandatory schemes impose added costs on packaging producers, which they may pass on to consumers through higher prices. Monitoring, enforcing and administering a mandatory scheme could also involve higher costs to the government than the current, or a strengthened, co‑regulatory scheme. And a mandatory scheme for packaging could create internal inconsistencies with other product stewardship schemes; for example, products with arguably more problematic and hazardous waste than packaging, such as batteries, are currently subject to voluntary stewardship schemes (chapter 9). 
Recently introduced or forthcoming measures in adjacent policy areas could also result in greater uptake of sustainable packaging design in the absence of further changes to packaging regulations. For example, mandatory public reporting of scope 3 emissions for large entities from July 2025 (The Treasury 2024c, p. 3), and enhanced scrutiny of environmental claims made by emissions‑intensive businesses (ACCC 2023c, p. 25) both provide incentives for packaging producers to minimise emissions and adapt practices to align with consumers’ increasing expectations for green packaging (Toluna 2021, p. 2). 
The Australian Government is in the process of considering the current set of proposed packaging reforms to select a preferred model. When the packaging system was last reviewed in 2012, the Government undertook cost‑benefit analysis as part of a regulatory impact statement (COAG SCEW 2011, p. 35), which included modelling on proposed reforms (PwC and WCS 2011, p. 100). A similarly rigorous evidence base should be required to inform any upcoming changes to packaging regulation. As part of the Policy Impact Analysis process for any mandatory stewardship scheme for packaging, the Australian Government should commission and publicly release a cost‑benefit analysis of different options and scenarios.
[bookmark: _Toc190959819][bookmark: _Toc191395551]Monitoring progress on Australia’s circular economy
Measuring Australia’s progress towards a circular economy supports ‘setting direction, showing progress, identifying opportunities, and demonstrating impact’ (Ellen MacArthur Foundation 2024). The indicators used to monitor circular economy development and impact should have policy relevance and utility for users, analytical soundness and measurability (OECD 2024, p. 27); and, aligning with the goals of the newly established Environment Information Australia, allow faster, clearer actions and national decision making. 
Australia’s Measuring What Matters framework includes circular economy indicators on waste generated and materials used, typically in aggregate and based on weight. Measuring What Matters also includes broader environment and sustainability indicators based on the themes of air quality, biological diversity, climate resilience, emissions reduction and protected areas (ABS 2024j). But existing indicators do not specifically reflect the environmental, economic and social outcomes associated with different types of materials use and circular activities (chapter 1). 
An expanded set of indicators to monitor Australia’s circular economy could have various benefits and use cases. It would enable governments and businesses to identify potential circular opportunities that could lift Australia’s materials productivity and have positive environmental, economic or social impacts, and to measure the improvements made. For example: 
Understanding waste and resource recovery by materials type can assist governments at all levels to identify which materials have low recovery rates and assess the feasibility of improving uptake of circular activities to improve recovery and recycling of these materials. This would support national efforts to achieve the targets in Australia’s Circular Economy Framework on improving resource recovery, reducing material footprint and lifting materials productivity (chapter 1). Moreover, measuring by material types would allow governments to better understand environmental impacts: materials that have low recovery rates (and therefore high disposal after use) are likely to have larger impacts.
Understanding the sources of waste and how recovery rates vary by sector allows governments to assess which sector‑specific interventions to increase circular activities could have the greatest impact Additionally, it provides context when comparing waste production and recovery in Australia with other countries, as differences in sectoral composition will affect these metrics (chapter 1).
More specific data on economic outcomes relating to circular activities (especially at the sector level) can support governments’ policy decisions around industry and regional development, and the contribution that opportunities to develop the circular economy could make to economic and productivity growth. This could be particularly important for industries and regions that are in transition, such as high‑emitting industries as part of the net zero transition.
While businesses would be unable to use whole‑of‑economy or even whole‑of‑sector data to monitor the effects of their own circular activities, they would be able to use economy or sector‑wide data as a benchmark for understanding their own operations and potential areas for improvement. For instance, a business could compare their resource recovery rates by materials type with rates for their sector as whole, to identify where they are performing well or falling behind.
Participants in this inquiry supported an expanded set of indicators to reflect different motivations such as ‘social and economic development, job creation, environmental protection and operational and cost efficiency gains for councils’ (ALGA, sub. 21, p. 6). They also observed that consistent methodologies and indicators could assist in measuring progress both nationally and for individual jurisdictions, government agencies and organisations (ACT NoWaste, sub. 16, p. 3; Shelley, sub. 72, p. 3). CEMAG’s final report noted that a common approach for data collection would assist regions transitioning to a circular economy (DCCEEW 2024d, p. 74). The absence of a set of appropriate indicators to measure progress could act as a barrier at a system level, holding Australia back from circular economy opportunities. 
Internationally, circular economy monitoring frameworks are better developed and include a larger suite of indicators than Australia’s current framework. The OECD has proposed about 100 indicators for measuring circular economy progress, noting that individual countries can adapt the set of indicators to suit their own needs and data availability (box 10.3). The EU’s circular economy monitoring framework has 27 indicators, capturing waste by type (e.g. food, plastic packaging) and economic outcomes (e.g. investment, employment, gross value as they relate to circular economy) (EU nd). Australia’s existing narrower set of indicators in Measuring What Matters is broadly aligned with materials and waste indicators included in the OECD and EU frameworks.

	Box 10.3 – Circular economy indicators proposed by the OECD

	In Monitoring Progress towards a Resource‑Efficient and Circular Economy, the OECD proposes a set of about 100 indicators spanning themes such as materials and waste, natural resource and environmental quality impacts, government responses to encourage circularity, and socio‑economic outcomes and opportunities. Indicators are categorised as either core, complementary or contextual. 
The proposed core indicators aim to capture key elements of a CE [circular economy], respond to main CE policy questions and point to developments or changes that may require further analysis and possible action. Complementary indicators accompany the message conveyed by ‘core’ indicators, provide additional detail, or cover additional aspects. Contextual indicators provide background information on socio‑economic and environmental variables and facilitate interpretation in the appropriate country context (OECD 2024, p. 10).
The OECD suggests that the size of the indicator set should remain manageable, with no more than 20–25 core indicators to facilitate monitoring of major trends. Indicators can be applied to different levels, sectors and geographies. The report acknowledges that measurement issues and data gaps exist for several proposed indicators, and have placeholders where indicators are yet to be identified and defined. 
The OECD advocates for a coordinated research agenda and ‘a pragmatic, step‑wise approach to improving measurement in countries accompanied with statistical guidance and a regular exchange of good practices’ (OECD 2024, p. 10). To fill data gaps, it suggests opportunities be explored through:
strengthening the use and usefulness of official statistics and data sources from international organisations and national administrations
exploiting alternative and novel data sources that go beyond official statistics, such as data from the private sector and trade associations
making use of innovative data sourcing techniques and data collection tools (OECD 2024, p. 10). 



The PC is exploring a reform direction on expanding the set of indicators used to monitor progress on Australia’s circular economy. The environmental and economic outcomes captured in the proposed set are based on indicators in the more developed international monitoring frameworks, described above, which are both commonly used in other countries and relevant to the Australian context. The level of granularity suggested for some of the indicators (by material type and/or sector) is based on the intended use cases for Australian governments and businesses, discussed above. Outcomes would need to be tracked at this level of granularity for the data to be used to identify and track progress on circular opportunities. The proposed indicators include:
Indicators relating to environmental outcomes from circular activities:
Waste generated by material type and sector (already partly reported elsewhere)
Recovery rates by material type and sector (already partly reported elsewhere)
Greenhouse gas emissions from production activities by sector (already reported elsewhere)
Indicators relating to economic outcomes from circular activities:
Gross value added of circular economy activities by sector
Jobs in circular economy activities by sector
Business investment in circular economy activities by sector
Research and development expenditure on circular economy technologies by sector.
The benefits of collecting and reporting data on additional indicators needs to be balanced against the costs of this data collection. Data on some indicators is already collected and reported elsewhere, and could therefore be added to a suite of indicators for monitoring Australia’s circular economy at relatively low cost. For example, waste and recovery rates by material type for some waste source streams are currently published in the National Waste Report.[footnoteRef:94] And greenhouse gas emissions from businesses’ production activities by sector are already reported in Australia’s National Greenhouse Accounts (DCCEEW 2022c). [94:  The National Waste Report is published every two years (DCCEEW 2025b). Material types reported for waste and recovery rates are ash, building and demolition materials, glass, hazardous wastes, metals, organics, paper and cardboard, plastics and textiles. The waste source streams captured in the report are municipal solid waste, commercial and industrial waste, and construction and demolition waste. Some sources of waste are not captured, such as most mining and agricultural wastes that are not managed by the waste and resource recovery sector. ] 

But other indicators would require bespoke data collection and methodologies, and these would entail higher costs. For example, the gross value added of circular economy activities is not easily determined by current input–output table classifications and may require developing an estimation methodology based on existing data structures.[footnoteRef:95] As part of this, in‑scope circular economy activities would need to be defined, and could include not only recycling and waste recovery, but also activities earlier in the product life cycle such as reuse and repair. The costs associated with attributing outcomes to circular economy activities, and disaggregating data by sector, are likely to be large. Such costs could limit the feasibility of incorporating these indicators to an expanded circular economy monitoring framework in Australia. [95:  The ABS is considering updates to the System of National Accounts, which will potentially include some environmental impacts on the economy, such as how the depletion of natural resources can be captured (ABS 2024h). However, this is unlikely to address the specific indicators suggested for monitoring economic outcomes from circular activities.] 

The PC is also considering how an expanded set of indicators could be operationalised to support CEMAG’s call for clear metrics to drive and track progress (DCCEEW 2024v, p. 26). This includes features such as:
reporting format. Adding to the existing Measuring What Matters publication would have lower reporting costs but could unduly skew the broader framework towards circular economy indicators. As an alternative, creating a dedicated circular economy monitoring publication or dashboard would have higher costs, but could have additional benefits in increasing awareness of the circular economy
periodic reviews. Over time, better data may become available due to technological advances, or what needs to be measured to inform government and business decisions may change. Periodic updates of the indicator set, including to reflect international developments in measurement, would support its continued relevance and use in monitoring Australia’s circular economy.
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	Reform direction 10.5
Expanding the set of circular economy indicators 

	The PC is considering a reform direction that proposes an expanded set of indicators to monitor Australia’s circular economy progress. The outcomes captured in the proposed set are based on indicators used in more developed international monitoring frameworks. Outcomes would need to be tracked at reasonably granular level for the data to be used by governments and businesses to identify and track progress on circular opportunities. The proposed indicators include:
Indicators relating to environmental outcomes from circular activities:
Waste generated by material type and sector
Recovery rates by material type and sector
Greenhouse gas emissions from production activities by sector
Indicators relating to economic outcomes from circular activities:
Gross value added of circular economy activities by sector
Jobs in circular economy activities by sector
Business investment in circular economy activities by sector
Research and development expenditure on circular economy technologies by sector.
Data on some indicators is already being collected and reported elsewhere. The PC notes that the feasibility of monitoring some of these indicators could be limited by the potentially large costs associated with attributing outcomes to circular economy activities, and disaggregating data by sector.
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	Information request 10.6
Expanding the set of circular economy indicators

	The PC is interested in further information on the following questions:
What are specific examples of how governments (at all levels) and businesses would use the proposed circular economy indicators to identify and track progress of circular opportunities?
What would be the costs associated with gathering data on the proposed circular economy indicators?
Which agencies would collect or estimate the data?
How consistent across states and territories is the data needed for circular economy indicators? Does it allow comparison across industries or sectors? 
Are there alternative indicators that would better measure the progress of Australia’s circular economy? What would be the benefits and costs associated with these alternatives?
What reporting format would be most valuable and accessible to stakeholders using the monitoring data (e.g. including in the Measuring What Matters framework, or a separate dedicated dashboard)?
Over what timeframe could the proposed expanded set of indicators be rolled out? How frequently should the set of indicators be reviewed and updated, so that they can remain fit for purpose to inform government and business decisions about the circular economy?

	




[bookmark: _Toc190959820][bookmark: _Toc191395552]Public consultation
This appendix outlines the consultation process and lists the organisations and individuals who participated in the inquiry. The PC received the terms of reference for this inquiry on 23 August 2024. A call for submissions was released on 16 September 2024 inviting public submissions and brief comments. In total, 183 submissions (table A.1) and 22 brief comments were received. The submissions and brief comments are available at: pc.gov.au/inquiries/current/circular-economy. The PC consulted with 110 individual organisations (table A.2). The PC would like to thank everyone who participated in this inquiry.
Table A.1 – Submissions
	Participants
	Sub no.

	ACT NoWaste
	16

	Apple
	124

	Aquaculture Council of Western Australia (ACWA)
	65

	Arup
	52

	Association for the Battery Recycling Industry (ABRI)
	27

	Association of Mining and Exploration Companies (AMEC)
	143

	AusKelp
	163

	Australasian Procurement and Construction Council (APCC)
	74

	Australasian Railway Association
	97

	Australia New Zealand Biochar Industry Group (ANZBIG)
	173

	Australian Academy of Science and ARC Centre of Excellence in Synthetic Biology
	144

	Australian Academy of Technological Sciences and Engineering (ATSE)
	110

	Australian Aluminium Council (AAC)
	86

	Australian and New Zealand Recycling Platform Ltd (ANZRP)
	176

	Australian Automotive Dealer Association (AADA)
	91

	Australian Beverages Council Ltd (ABCL)
	174

	Australian Chamber of Commerce and Industry (ACCI)
	76

	Australian Chicken Meat Federation (ACMF)
	111

	Australian Communications Consumer Action Network (ACCAN)
	146

	Australian Competition and Consumer Commission (ACCC)
	178

	Australian Council of Recycling (ACOR)
	75

	Australian Food and Grocery Council (AFGC)
	105

	Australian Gas Infrastructure Group (AGIG)
	152

	Australian Industry Group (Ai Group)
	160

	Australian Institute of Architects
	117

	Australian Library of Things Network
	59

	Australian Local Government Association (ALGA)
	21

	Australian Mobile Telecommunications Association (AMTA)
	155

	Australian Packaging Covenant Organisation (APCO)
	157

	Australian Pipelines and Gas Association (APGA)
	49

	Australian Pork Ltd
	69

	Australian Retailers Association (ARA)
	165

	Australian Science Communicators (ASC)
	43

	Australian Water Association (AWA)
	23

	Battery Stewardship Council (BSC)
	140

	Baxter Healthcare
	64

	Bega Local Aboriginal Land Council (Bega LALC)
	185

	Bega Valley Shire Council
	166

	Blueprint Institute
	70

	Boomerang Alliance
	2

	Business Chamber Queensland
	136

	Business Council for Sustainable Development Australia (BCSDA)
	175

	Business Council of Australia (BCA)
	99

	Cement Concrete & Aggregates Australia (CCAA)
	55

	Cement Industry Federation (CIF)
	78

	Centre for Smart Modern Construction
	3

	Centre of Decommissioning Australia (CODA)
	46

	Charitable Reuse Australia
	18

	Chartered Accountants Australia and New Zealand
	129

	Chartered Institute of Procurement and Supply (CIPS) Australia & New Zealand Pty Ltd 
	161

	Christopher Wilson
	102

	Circular Australia
	126

	Circular Design Thinking
	101

	Circular Economy Asia Inc
	158

	Circular Economy Huon (CEH)
	98

	Circular Economy Villages Co-operative Ltd (CEVCO)
	35

	Circular PV Alliance (CPVA)
	62

	Circular Textile Working Group WA (CTWG)
	22

	City of Adelaide
	107

	Civil Contractors Federation (CCF)
	42

	Cleanaway
	112

	Closed Loop Environmental Solutions
	137

	Coca-Cola Europacific Partners Australia (CCEP)
	170

	COMFORTiD
	177

	Community Industry Group
	93

	Consumer Healthcare Products Australia (CHP)
	122

	Consumer Policy Research Centre (CPRC)
	141

	Container Exchange (QLD) Ltd
	83

	Coreo
	104

	CropLife Australia
	95

	CSIRO
	57

	DeCarbonate Energy
	179

	Department of Health and Aged Care (DOHAC)
	182

	Dr. Deepika Mathur
	10

	Dr. Guy Keulemans, Creative People, Products and Places Research Centre, University of South Australia
	48

	Dr. Paul Chad
	19

	Dubbo Regional Council
	68

	eBay Australia and New Zealand
	151

	Edward Khoury
	13

	Elan Energy Matrix
	116

	Ena Vejnovic, Professor Sharon Purchase, Dr Daniel Schepis and Dr Liudmila Tarabashkina
	24

	Engineers Australia
	108

	Federal Chamber of Automotive Industries (FCAI)
	85

	Gippsland Climate Change Network, Gippsland Circular Futures Initiative (GCCN)
	11

	Global Product Stewardship Council (GlobalPSC)
	149

	GoGet Carshare 
	38

	Good Natured ESG
	58

	Good Sammy
	25

	Good360 Australia and Thread Together
	96

	Greater Whitsunday Alliance (GW3)
	109

	Green Industries South Australia (GISA)
	181

	GS1 Australia
	114

	Helen Millicer
	82

	Hume City Council
	20

	Hunter Joint Organisation
	172

	IKEA Australia
	47

	Infrastructure Victoria
	28

	Institute of Public Accountants (IPA)
	131

	International Council for Local Environmental Initiatives (ICLEI)
	45

	Jack B. Hetherington
	9

	Jack Davenport
	127

	Jemena
	106

	Kylea Tink MP
	142

	Lithium Australia
	17

	Local Government Association of the Northern Territory (LGANT)
	132

	Local Government Procurement (LGP)
	67

	Logan City Council
	61

	Lumicare Pty Ltd
	66

	MALVA Sustainable Tasmania & B-alternative
	37

	MCi Carbon Pty Ltd
	119

	Meriel Chamberlin
	73

	Michelle D. Smith
	14

	Monash University
	138

	Ms. Kathryn Mamone, Eden Marine High School
	128

	Northern Sydney Regional Organisation of Councils (NSROC)
	154

	Now + Future
	123

	NSW Government 
	139

	NSW Health
	183

	NSW Small Business Commission
	54

	Orora Limited
	184

	OzHarvest
	81

	Pact Group
	77

	Penelope Turnbull
	5

	Peter Mulherin
	121

	Planet Ark
	147

	Polar Enviro
	29

	Product Stewardship Centre of Excellence 
	159

	Prof. Leanne Wiseman
	40

	Queensland Water Directorate (qldWater)
	51

	Reconnect Project
	134

	Recovery Tasmania Pty Ltd
	90

	Recycling Technologies Group Pty Ltd (RTG)
	164

	Regional Australia Institute (RAI)
	100

	Reloop
	80

	Renewable Gas Alliance (RGA)
	50

	Requis Australia Pty Ltd and Requis Inc (US)
	15

	ResiLoop Ltd
	84

	Resource Work Cooperative
	30

	Reverse Garbage 
	113

	RMIT University Circular Economy Hub
	31

	Robert Gell
	60

	Ryan Mischkulnig
	12

	Salvation Army
	53

	SEATA Group
	145

	Sims Metal
	171

	Sircel Limited
	153

	Southern Sydney Regional Organisation of Councils (SSROC)
	26

	Sustainability Research Institute
	125

	Sustainable Aviation Fuel Alliance of Australia and New Zealand (SAFAANZ) and Cleaner Fuels Alliance (CFA)
	115

	Sustainable Electronics Recycling International (SERI)
	92

	Sustainable Infrastructure and Resource Management, University of South Australia (SIRM)
	1

	Swedish Australian Chamber of Commerce Sustainability Committee
	94

	Tasmanian Government
	180

	Taylor Granville
	156

	TCO Certified/TCO Development
	63

	Tetra Pak
	41

	TOMRA
	118

	Total Environment Centre (TEC)
	79

	Toy Libraries Australia
	130

	Toyota Motor Corporation Australia
	33

	Tyre Stewardship Australia (TSA)
	148

	University of Melbourne
	36

	University of Technology Sydney Institute for Sustainable Futures
	120

	UNSW SMaRT Centre
	4

	Urban Utilities
	71

	Veolia Australia and New Zealand
	8

	Victorian Bioenergy Network
	39

	Vinyl Council of Australia Pty Ltd
	32

	WA Solar Recycling
	34

	Wannon Water
	88

	Waste and Resources Action Programme (WRAP)
	56

	Waste Management and Resource Recovery Association of Australia (WMRR)
	168

	Water and Catchments Group, Victorian Department of Energy, Environment and Climate Action
	72

	Water Services Association of Australia (WSAA)
	150

	West Australian Local Government Association (WALGA)
	167

	Western Australia Return Recycle Renew Limited (WARRRL)
	87

	Woolworths Group
	162

	WorkbenchX
	133

	WorkVentures
	89

	WWF Australia (WWF)
	44

	XFrame Ltd
	6

	Xseed
	7

	Zero Waste Victoria 
	169



Table A.2 – Consultations
	Participant

	ACT NoWaste

	Altogether Group

	AusKelp

	Australian Bedding Stewardship Council

	Australian Capital Territory Directorate of the Chief Minister, Treasury and Economic Development

	Australian Capital Territory Environmental Protection Authority (ACT EPA)

	Australian Competition and Consumer Commission (ACCC)

	Australian Government Department of the Treasury

	Australian Industry Group (Ai Group)

	Australian Local Government Association (ALGA)

	Australian Packaging Covenant Organisation (APCO)

	Australian Retailers Association (ARA)

	Australian Sustainable Finance Institute (ASFI)

	Battery Stewardship Council (BSC)

	Bega Chamber of Commerce

	Bega Community Workshop

	Bega Group

	Bega Regional Circularity Co-operative 

	Bega Repair Cafe

	Bega Valley Data Collective

	Bega Valley Eggs

	Bega Valley Shire Council

	Bega Village

	BINGO Industries

	BlockTexx

	Bower Reuse and Repair Centre

	Broadwater Oysters

	Calibre Group

	Centre for Regenerative Design & Collaboration (CRDC) Resin8

	Cherbourg Aboriginal Shire Council

	Cherbourg Material Recovery Facility

	Clean Energy Regulator (CER)

	Consumer Policy Research Centre (CPRC)

	Cooperative Research Centre for Transformations in Mining Economies (CRC TiME)

	Coreo

	CSIRO

	Department of Climate Change, Energy, the Environment and Water (DCCEEW)

	Environment Protection Authority Victoria (EPA Victoria)

	Essential Energy

	Food Recycle

	Forestry Corporation of NSW

	Frogs Hollow Brewing

	Green Industries South Australia (GISA)

	Grow the Future Bega

	Housing Industry Association (HIA)

	Hydro Tasmania

	Infrastructure Australia

	Infrastructure Western Australia

	Jodie Bricout

	Kwinana Industries Council 

	Leser Build

	Lisa McLean 

	Local Government Association of the Northern Territory (LGANT)

	Loop Upcycling

	Minerals Council of Australia (MCA)

	Mint Innovation

	Modscape

	Ms. Kathryn Mamone, Eden Marine High School

	New South Wales Department of Climate Change, Energy, the Environment and Water 

	New South Wales Department of Planning, Industry and Environment

	New South Wales Environment Protection Authority (NSW EPA)

	Northern Territory Department of Lands, Planning and Environment 

	Northern Territory Department of the Chief Minister and Cabinet

	Northern Territory Department of Trade, Business and Asian Relations

	Nous Group

	Ocean2Earth

	Officeworks

	Pact Group

	Pentarch Group

	Product Stewardship Centre of Excellence

	Prof. John Thwaites

	Prof. Ralph Horne

	Queensland Department of Natural Resources and Mines, Manufacturing and Regional and Rural Development  

	Queensland Department of the Environment, Tourism, Science and Innovation

	Recycling Technologies Group Pty Ltd (RTG)

	Recycling Victoria

	Regional Development Australia – Southern NSW and ACT

	Renewable Cobargo

	ResiLoop Ltd

	Responsible Investment Association Australasia (RIAA)

	Reverse Garbage

	Richgro

	Rino Recycling

	Sapphire Community Pantry

	Seamless

	South Australian Department for Energy and Mining 

	South Australian Department for Infrastructure and Transport 

	South Australian Department for State Development 

	South Australian Department of Primary Industries and Regions 

	South Australian Department of the Premier and Cabinet 

	South Australian Department of Treasury and Finance 

	South Australian Environment Protection Authority (EPA SA)

	South Coast Fish

	Standards Australia

	Sustainability Victoria

	Tasmanian Department of Natural Resources and Environment

	Tasmanian Department of Premier and Cabinet

	Tasmanian Department of State Growth

	TasWater

	Toyota Motor Corporation Australia

	Tyre Stewardship Australia (TSA)

	United Nations Global Compact Network Australia

	University of Technology Sydney Institute for Sustainable Futures

	Victorian Department of Energy, Environment and Climate Action (VIC DEECA)

	Victorian Infrastructure Delivery Authority

	Waste Management and Resource Recovery Association of Australia (WMRR)

	Western Australian Department of Finance

	Western Australian Department of Jobs, Tourism, Science and Innovation

	Western Australian Department of Transport

	Western Australian Department of Water and Environmental Regulation
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	ABCB
	Australian Building Codes Board

	ABS
	Australian Bureau of Statistics

	ABSC
	Australian Bedding Stewardship Council 

	ACCU
	Australian Carbon Credit Unit

	APCO
	Australian Packaging Covenant Organisation

	ASFI
	Australian Sustainable Finance Institute 

	C&D
	Construction and demolition

	CEMAG
	Circular Economy Ministerial Advisory Group 

	CSA
	Clothing Stewardship Australia 

	CSIRO
	Commonwealth Scientific and Industrial Research Organisation

	DCCEEW
	Australian Government Department of Climate Change, Energy, the Environment and Water

	EMM
	Environment Ministers' Meeting

	EPA
	Environment Protection Authority

	EPR
	Extended Producer Responsibility

	ESG
	Environmental, social and governance 

	EV
	Electric vehicle

	FOGO
	Food organics and garden organics

	GDP
	Gross domestic product

	GEMS
	Greenhouse and Energy Minimum Standards

	GVA
	Gross value added

	HEPA
	Heads of EPA Australia and New Zealand

	IEC
	International Electrotechnical Commission

	LFP
	Lithium iron phosphate

	MRIWA
	Minerals Research Institute of Western Australia

	Mt
	Megatonne

	MVIS
	Motor Vehicle Service and Repair Information Sharing Scheme

	NAIF
	Northern Australia Infrastructure Facility

	NCC
	National Construction Code

	NGER
	National Greenhouse and Energy Reporting

	NMC
	Nickel manganese cobalt

	NTCRS
	National Television and Computer Recycling Scheme

	OECD
	Organisation for Economic Co-operation and Development

	OTR
	Off-the-road

	PC
	Productivity Commission

	PFAS
	Perfluoroalkyl and polyfluoroalkyl substances

	PMLU
	Post-mining land use

	PV
	Photovoltaic

	SMC
	Safeguard Mechanism Credit

	SMI
	Sustainable Minerals Institute

	TSF
	Tailings storage facility

	UNEP
	United Nations Environment Programme 

	UNITAR
	United Nations Institute for Training and Research

	WEEE
	Waste electrical and electronic equipment



 OFFICIAL

Australia’s circular economy: Unlocking the opportunities Interim report
References

1
1
[bookmark: _Toc190959822][bookmark: _Toc191395554]References

ABCB (Australian Building Codes Board) 2024, Prefabricated, modular and offsite construction - Handbook, October.
Abraham, J., Dowling, K. and Florentine, S. 2018, ‘Assessment of potentially toxic metal contamination in the soils of a legacy mine site in Central Victoria, Australia’, Chemosphere, vol. 192, p. 123.
ABS (Australian Bureau of Statistics) 2013, Australian and New Zealand Standard Industrial Classification - Division B Mining, https://www.abs.gov.au/statistics/classifications/
australian-and-new-zealand-standard-industrial-classification-anzsic/2006-revision-2-0/detailed-classification/b (accessed 18 November 2024).
—— 2020, Waste Account, Australia, Experimental Estimates, 2018-19 financial year, https://www.abs.gov.au/statistics/
environment/environmental-management/waste-account-australia-experimental-estimates/latest-release (accessed 30 January 2025).
—— 2021a, Motor Vehicle Census, Australia, https://www.abs.gov.au/statistics/industry/tourism-and-transport/motor-vehicle-census-australia/latest-release (accessed 14 January 2025).
—— 2021b, National, state & territory level dwelling demolition approvals, https://www.abs.gov.au/articles/national-state-territory-level-dwelling-demolition-approvals (accessed 30 January 2025).
—— 2023a, Australian Industry, https://www.abs.gov.au/
statistics/industry/industry-overview/australian-industry/2022-23#data-downloads (accessed 20 November 2024).
—— 2023b, Water Account, Australia, https://www.abs.gov.au/statistics/environment/environmental-management/water-account-australia/latest-release#data-downloads (accessed 10 February 2025).
—— 2024a, Australian National Accounts: National Income, Expenditure and Product, https://www.abs.gov.au/statistics/economy/national-accounts/australian-system-national-accounts/latest-release (accessed 1 January 2025).
—— 2024b, Construction Work Done, Australia, Preliminary, https://www.abs.gov.au/statistics/industry/building-and-construction/construction-work-done-australia-preliminary/latest-release (accessed 1 January 2025).
—— 2024c, Australian National Accounts: Input-Output Tables, 2021-22 financial year, https://www.abs.gov.au/
statistics/economy/national-accounts/australian-national-accounts-input-output-tables/latest-release (accessed 21 November 2024).
—— 2024d, Australian System of National Accounts, https://www.abs.gov.au/statistics/economy/national-accounts/australian-system-national-accounts/latest-release (accessed 3 February 2025).
—— 2024e, Circular economy, https://www.abs.gov.au/
statistics/measuring-what-matters/measuring-what-matters-themes-and-indicators/sustainable/circular-economy (accessed 25 November 2024).
—— 2024f, Counts of Australian Businesses, including Entries and Exits, July 2020 - June 2024, https://www.abs.gov.au/statistics/economy/business-indicators/counts-australian-businesses-including-entries-and-exits/latest-release (accessed 17 February 2025).
—— 2024g, Labour Account Australia, December, Table 1. Total all industries - trend, seasonally adjusted and original, https://www.abs.gov.au/statistics/labour/labour-accounts/labour-account-australia/latest-release (accessed 5 February 2024).
—— 2024h, Public Consultation - Modernising the System of National Accounts and Balance of Payments Manual - Updated economic manuals and classifications - Stakeholder engagement background document, https://consult.abs.gov.au/national-accounts/public-consultation-modernising-national-accounts/ (accessed 24 January 2025).
—— 2024i, Retail Trade, Australia, Seasonally adjusted, https://www.abs.gov.au/statistics/industry/retail-and-wholesale-trade/retail-trade-australia/latest-release#analysis-by-industry (accessed 20 November 2024).
—— 2024j, Sustainable, https://www.abs.gov.au/statistics/
measuring-what-matters/measuring-what-matters-themes-and-indicators/sustainable (accessed 25 November 2024).
ACAP (Australian Centre of Advanced Photovoltaics) 2024, Scoping Study: Solar Panel End-of-Life Management in Australia.
ACCC (Australian Competition and Consumer Commission) 2017, New Car Retailing Industry - A market study by the ACCC, Canberra.
—— 2023a, Greenwashing by businesses in Australia - Findings of the ACCC’s internet sweep of environmental claims, Canberra.
—— 2023b, Lithium-ion batteries and consumer product safety.
—— 2023c, Making environmental claims: A guide for business.
—— 2023d, Motor vehicle information scheme (MVIS), https://www.accc.gov.au/by-industry/cars-and-vehicles/motor-vehicle-information-scheme-mvis (accessed 5 December 2024).
—— 2024, Supermarkets inquiry: Interim report, pp. 9, 239.
ACRS (Australian Consumer and Retail Studies Monash University) 2024, Retail Monitor 2024 Report, Monash University.
ACSI (Australian Council of Superannuation Investors) 2022, ESG reporting trends.
ACTA (Australasian Circular Textiles Association) 2021, Thread count: NSW textile data report.
ADB (Asian Development Bank) 2023, Japan - Input-Output Tables (Dataset Visualization), https://public.tableau.com/
views/JPN-Input-OutputTablesDatasetVisualization/Dashboard
?:embed=y&:showVizHome=no&:host_url=https%3A%2F%2Fpublic.tableau.com%2F&:embed_code_version=3&:tabs=no&:toolbar=yes&:animate_transition=yes&:display_static_image=no&:display_spinner=no&:display_overlay=yes&:display_count=yes&publish=yes&:loadOrderID=0 (accessed 29 November 2024).
Adrianto, L.R., Ciacci, L., Pfister, S. and Hellweg, S. 2023, ‘Toward sustainable reprocessing and valorization of sulfidic copper tailings: Scenarios and prospective LCA’, Science of The Total Environment, vol. 871.
AFC (Australian Fashion Council) 2022, National Clothing Product Stewardship Scheme: Milestone 1.4: Clothing Data Report.
AFCC (Australian Fashion Council and Consortium) 2023a, Roadmap to clothing circularity.
—— 2023b, Seamless scheme design report.
AFGC (Australian Food and Grocery Council) 2024, AFGC Submission: Incentivising Food Donations to Charitable Organisations.
AGC (Asahi Glass Co., Ltd.) 2023, AGC Achieves Success in Demonstration Test of Solar Panel Cover Glass Recycling, https://www.agc.com/en/news/detail/1205454_2814.html (accessed 17 January 2025).
Agriculture Victoria 2024, Soil Acidity, https://agriculture.vic.gov.au/farm-management/soil/soil-acidity (accessed 31 January 2025).
AIATSIS (Australian Institute of Aboriginal and Torres Strait Islander Studies) 2022, Fishing, https://aiatsis.gov.au/explore/fishing#toc-take-only-what-you-need (accessed 22 January 2025).
Allens 2020, Mine rehabilitation and closure: Minimising risk and achieving relinquishment.
Amalina, F., Razak, A.S.A., Krishnan, S., Sulaiman, H., Zularisam, A.W. and Nasrullah, M. 2022, ‘Biochar production techniques utilizing biomass waste-derived and environmental applications - A review’, Journal of Hazardous Materials Advances, vol. 7.
Anderson, L. and Gbor, N. 2024, Plastic Waste in Australia, The Australia Institute.
ANZBIG (Australia New Zealand Biochar Industry Group) 2023, Australian Biochar Industry 2030 Roadmap.
ANZRP (Australia New Zealand Recycling Platform) 2020, White Paper: NTCRS Scope Expansion.
AOFM (Australian Office of Financial Management) 2023, Green Bond Framework, December.
APCO (Australian Packaging Covenant Organisation) 2024, Australian Packaging Consumption and Recovery Data 2021-22.
Araujo, F.S.M., Taborda-Llano, I., Nunes, E.B. and Santos, R.M. 2022, ‘Recycling and Reuse of Mine Tailings: A Review of Advancements and Their Implications’, Multidisciplinary Digital Publishing Institute, Geosciences, vol. 12, no. 9, p. 319.
ARRB (Australian Road Research Board) 2022, Best Practice Expert Advice on the Use of Recycled Materials in Road and Rail Infrastructure: Part B Sustainability Impacts Report, June.
Arup 2024, Circular Buildings Toolkit, https://ce-toolkit.dhub.arup.com/framework (accessed 1 January 2025).
ASFI (Australian Sustainable Finance Institute) 2024, Australian Sustainable Finance Taxonomy V0.1 Public Consultation Paper First Consultation, May.
—— nd, Taxonomy Project.
ASIC (Australian Securities & Investments Commission) 2024a, ASIC urges businesses to prepare for mandatory climate reporting, https://asic.gov.au/about-asic/news-centre/find-a-media-release/2024-releases/24-205mr-asic-urges-businesses-to-prepare-for-mandatory-climate-reporting/ (accessed 13 January 2025).
—— 2024b, What should your sustainability report contain?, https://asic.gov.au/regulatory-resources/sustainability-reporting/for-preparers-of-sustainability-reports/what-should-your-sustainability-report-contain/ (accessed 13 January 2025).
ASPIRE nd, Our Story, https://aspiresme.com/our-story/ (accessed 13 December 2024).
Atkinson, G., McTaggart, P.M., Turpin, G., Buissereth, R., Medijina, B., McMurray, L., Foley, R., Nyangumarta Warrarn Aboriginal Corporation RNTBC, Yamatji Marlpa Aboriginal Corporation, Cameron, P., Schultz, L., Gore-Birch, C., Woodward, E., Chungalla, D., Wungundin, H., Aiken, M., Malay, J., Williams, B., Cranbell, T., Forrest, J., Hand, M., James, R., Jingle, E., Knight, O., Lennard, N., Lennard, V., Malay, I., Malay, L., Midmee, W., Morton, S., Nulgit, C., Riley, P., Shadforth, I., Bieundurry, J., Brooking, G., Brooking, S., Brumby, W., Bulmer, V., Cherel, V., Clifton, A., Cox, S., Dawson, M., Hobbs, A., Hobbs, D., Juboy, C., Juboy, P., Kogolo, A., Lennard, B., Lennard, C., Lennard, D., Malay, N., Malay, Z., Marshall, D., Marshall, H., Millindee, L., Mowaljarlai, D., Myers, A., Nnarda, T., Nuggett, J., Nulgit, L., Nulgit, P., Poelina, A., Poudrill, D., Ross, J., Shandley, J., Skeen, S., Smith, G., Street, M., Thomas, P., Wongawol, B., Yungabun, H., Sunfly, A., Cook, C., Shaw, K., Collard, T., Collard, Y., Hill, R., Lyons, I., Raisbeck-Brown, N. and Harkness, P. 2020, Sharing our knowledge in caring for country, Our Knowledge, Our Way in caring for Country, NALISMA and CSIRO.
Audi 2022, Second life for EV batteries: Audi and RWE build new type of energy storage system in Herdecke, https://www.audi-mediacenter.com/en/press-releases/second-life-for-ev-batteries-audi-and-rwe-build-new-type-of-energy-storage-system-in-herdecke-14465 (accessed 9 January 2025).
Austrade 2024, World-first project in Australia to turn air into rocks, https://international.austrade.gov.au/en/news-and-analysis/success-stories/world-first-project-in-australia-to-turn-air-into-rocks (accessed 1 December 2024).
Australian Government 2024a, A Future Made in Australia - Budget 2024-25 fact sheet, https://budget.gov.au/content/factsheets/download/factsheet-fmia.pdf (accessed 29 January 2025).
—— 2024b, Budget 2024-25: Mid-Year Economic and Fiscal Outlook.
Australia’s Economic Accelerator 2024, Building blocks: how ore-sand might be used as an alternative construction material, Australia’s Economic Accelerator, https://www.aea.gov.au/
news/building-blocks-how-ore-sand-might-be-used-alternative-construction-material (accessed 3 December 2024).
Austroads 2021, Austroads Technical Specifications, https://austroads.gov.au/infrastructure/technical-specifications (accessed 1 January 2025).
[bookmark: _Hlk191391883]AUSVEG 2024, AUSVEG Submission in response to the Tax Laws Amendment (Incentivising Food Donations to Charitable Organisations Bill 2024).
Baker, E. 2024, ‘“Large exothermic reaction”: Exposed batteries are causing hundreds of fires’, ABC News, 13 March, https://www.abc.net.au/news/2024-03-13/lithium-ion-fires-recycling-plants-trucks-vapes-exploding/103582110 (accessed 11 December 2024).
Baker, H., Moncaster, A. and Al-Tabbaa, A. 2017, ‘Decision-making for the demolition or adaptation of buildings’, Proceedings of the Institution of Civil Engineers - Forensic Engineering, vol. 170, no. 3, pp. 144–156.
Baptist World Aid Australia 2023, The Australian ethical consumer report.
B-cycle n.d., B-cycle Resource FAQs, https://bcycle.com.au/
resources/faqs/ (accessed 16 January 2025).
Beer, A., Haslam-McKenzie, F., Weller, S., Davies, A., Cote, C., Ziemski, M., Holmes, K. and Keenan, J. 2022, Post-mining land uses, CRC TiME, Australia.
BIT (Behavioural Insights Team) 2024, Leveraging behavioural insights to design and test the repairability index in France, https://www.bi.team/publications/leveraging-behavioural-insights-to-design-and-test-the-repairability-index-in-france/ (accessed 6 December 2024).
BITRE (Bureau of Infrastructure and Transport Research Economics) 2024, Road Vehicles Australia, January 2024, Canberra.
Blackwell, B.D., McFarlane, J. and Fischer, A. 2017, ‘Enduring community value from mining: Measuring the employment impacts of mine closure for remote communities and considering issues for transformation’, International Journal of Rural Law and Policy, no. 2.
Blanchard, C., Harris, P., Pocock, C. and McCabe, B.K. 2023, ‘Food and Garden Organic Waste Management in Australia: Co-Benefits for Regional Communities and Local Government’, Sustainability, vol. 15.
BlockTexx 2024, BlockTexx: Recovering polyester and cotton from textiles, https://www.blocktexx.com/technology (accessed 9 January 2025).
Bocken, N.M.P., De Pauw, I., Bakker, C. and Van Der Grinten, B. 2016, ‘Product design and business model strategies for a circular economy’, Journal of Industrial and Production Engineering, vol. 33, no. 5, pp. 308–320.
Boulton, J., McCallion, A. and Dechrai, I. 2022, Textiles:  A transitions report for Australia identifying pathways to future proof the Australian fashion and textile industry, Monash University.
Bower Reuse & Repair Centres nd, About Us, https://bower.org.au/about/ (accessed 8 January 2025).
Brunton, V. and Badgery-Parker, J. 2012, Keep it Clean for Field Vegetables, March, NSW Government Department of Primary Industries, Ourimbah.
BSC (Battery Stewardship Council) 2024a, Electric Vehicle Battery Stewardship – Consultation Paper arising from industry submissions in 2023.
—— 2024b, Proposed B-cycle 2.0 Final Scheme Design.
Building 4.0 CRC 2020, About Building 4.0 CRC, https://building4pointzero.org/ (accessed 1 January 2025).
Cairns Regional Council 2022, Materials Recovery Facility, https://www.cairns.qld.gov.au/council/projects-and-priorities/major-projects/closed-projects/materials-recovery-facility (accessed 3 December 2024).
California Air Resources Board 2022, Final Regulation Order, Section 1962.4, Title 13, California Code of Regulations.
Cameron, A.J., Oostenbach, L.H., Dean, S., Robinson, E., White, C.M., Vanderlee, L., Hammond, D. and Sacks, G. 2022, ‘Consumption Frequency and Purchase Locations of Foods Prepared Outside the Home in Australia: 2018 International Food Policy Study’, The Journal of Nutrition.
Campbell, R., Linqvist, J., Browne, B., Swann, T. and Grudnoff, M. 2017, Dark side of the boom, The Australia Institute.
CASC (Cherbourg Aboriginal Shire Council) 2021, AI Future for Cherbourg Recycling Business, https://cherbourg.qld.gov.au/ai-future-for-cherbourg-recycling-business/ (accessed 8 January 2025).
CCA (Climate Change Authority) 2023a, 2023 Annual Progress Report, October.
—— 2023b, 2023 Review of The National Greenhouse and Energy Reporting Legislation.
—— 2024, 2024 Sector Pathways Review, Australian Government.
CEBIC (Circular Economy Business Innovation Centre) 2023, About us, https://www.cebic.vic.gov.au/about-us (accessed 29 November 2024).
CEFC and ARENA (Clean Energy Finance Corporation and Australian Renewable Energy Agency) 2019, Biofuels and Transport: An Australian opportunity.
CEFC (Clean Energy Finance Corporation) 2016, Richgro green thumb grows green power - Australian first anaerobic digester, https://www.cefc.com.au/case-studies/richgro-green-thumb-grows-green-power/ (accessed 20 January 2025).
Cement Australia 2024, Fly Ash, https://www.cementaustralia.com.au/products/fly-ash (accessed 1 January 2025).
CER (Clean Energy Regulator) 2024a, Alternative waste treatment method, https://cer.gov.au/schemes/australian-carbon-credit-unit-scheme/accu-scheme-methods/alternative-waste-treatment-method (accessed 12 February 2025).
—— 2024b, Landfill gas method, https://cer.gov.au/schemes/
australian-carbon-credit-unit-scheme/accu-scheme-methods/landfill-gas-method (accessed 12 February 2025).
—— 2024c, Source separated organic waste method, https://cer.gov.au/schemes/australian-carbon-credit-unit-scheme/accu-scheme-methods/source-separated-organic-waste-method (accessed 12 February 2025).
Chalmers, J. 2024, National agreement to revitalise competition – for consumers, businesses and our economy, https://ministers.treasury.gov.au/ministers/jim-chalmers-2022/media-releases/national-agreement-revitalise-competition-consumers (accessed 1 January 2025).
—— and Husic, E. 2024, Investor roundtable to help unlock investment in national priorities, Joint media release, 22 November, https://ministers.treasury.gov.au/ministers/jim-chalmers-2022/media-releases/investor-roundtable-help-unlock-investment-national (accessed 1 January 2025).
Chen, L., Yang, M., Chen, Z., Xie, Z., Huang, L., Osman, A.I., Farghali, M., Sandanayake, M., Liu, E., Ahn, Y.H., Al-Muhtaseb, A.H., Rooney, D.W. and Yap, P.-S. 2024, ‘Conversion of waste into sustainable construction materials: A review of recent developments and prospects’, Materials Today Sustainability, vol. 27.
Chen, Y., Zhou, Y., Feng, W., Fang, Y. and Feng, A. 2022, ‘Factors That Influence the Quantification of the Embodied Carbon Emission of Prefabricated Buildings: A Systematic Review, Meta-Analysis and the Way Forward’, Buildings, vol. 12, no. 8, p. 1265.
CHOICE 2021a, Australians push for stronger protections and repair rights for household products.
—— 2021b, Submission to the Productivity Commission Issues Paper - Right to Repair.
Christensen, P.A., Anderson, P.A., Harper, G.D.J., Lambert, S.M., Mrozik, W., Rajaeifar, M.A., Wise, M.S. and Heidrich, O. 2021, ‘Risk management over the life cycle of lithium-ion batteries in electric vehicles’, Renewable and Sustainable Energy Reviews, vol. 148.
Chubb, I., Bennett, A., Gorring, A. and Hatfield-Dodds, S. 2022, Independent Review of Australian Carbon Credit Units Final Report.
CIE (Centre for International Economics) 2023a, Cost-benefit analysis of options for e-product stewardship - Small electronic and electrical equipment, unpublished, 7 December.
—— 2023b, Cost-benefit analysis of options for e-product stewardship - Solar photovoltaic systems, unpublished, 7 December.
Circular Australia 2024, Four Steps to place-based circular economy in Australia Circular Precincts Guide, September.
Cities Power Partnership nd, Action pledges, https://citiespowerpartnership.org.au/action-pledges/ (accessed 14 January 2025).
City of Cockburn 2022, 100T milestone for resourceful food waste service, https://www.cockburn.wa.gov.au/City-and-Council/Events-and-News/Latest-News/100T-milestone-for-resourceful-food-waste-service (accessed 20 January 2025).
City of Melbourne nd, Kensington’s Circular Economy Precinct, https://www.melbourne.vic.gov.au/circulareconomy-kensington (accessed 3 December 2024a).
—— nd, North and West Melbourne Circular Economy Precinct, https://www.melbourne.vic.gov.au/circular-economy-north-melbourne (accessed 3 December 2024b).
City of Sydney 2023, $4.5m grants for groups feeding struggling households, https://news.cityofsydney.nsw.gov.au/
articles/usd4-5m-grants-for-groups-feeding-struggling-households (accessed 24 January 2025).
Climate Change Authority 2023, 2023 Review of the Carbon Credits (Carbon Farming Initiative) Act 2011, Climate Change Authority.
Climate Council 2024, Seize the Sun: How to Supercharge Australia’s Rooftop Solar.
Clune, T. 2020, ‘Conceptualising policy for sustainable agriculture development’, Australian Journal of Public Administration, vol. 80.
CMHC (Canada Mortgage and Housing Corporation) 2021, A Temporary Building Leaves a Lasting Impression, https://www.cmhc-schl.gc.ca/nhs/nhs-project-profiles/2021-nhs-projects/temporary-building-leaves-lasting-impression (accessed 30 January 2025).
COAG SCEW (COAG Standing Council on Environment and Water) 2011, Packaging Impacts Consultation Regulation Impact Statement, December.
Coles Group 2024a, 2024 Sustainability Report.
—— 2024b, ACCC Groceries Inquiry: Coles Supermarkets’ Response to Issues Paper.
Collie, S., Brorens, P., Hassan, M.M. and Fowler, I. 2024, ‘Marine biodegradation behavior of wool and other textile fibers’, Water, Air, & Soil Pollution, vol. 235, no. 5, pp. 235–283.
Commonwealth of Australia 2024a, Funding for medium to long-term, industry-led research collaborations, https://business.gov.au/grants-and-programs/cooperative-research-centres-crc-grants#anticipated-timelines (accessed 15 January 2025).
—— 2024b, Funding for short-term, industry-led research collaborations, https://business.gov.au/Grants-and-Programs/Cooperative-Research-Centres-Projects-CRCP-Grants (accessed 15 January 2025).
Copp, I. 2022, Tailings, an emerging market opportunity, Commonwealth Scientific Industrial Research Organisation, https://www.csiro.au/en/news/All/Articles/2022/May/Tailings (accessed 3 December 2024).
Courtney, P. 2024, ‘Bega’s bid to become a circular economy to reduce waste’, 21 July, https://www.abc.net.au/news/2024-07-21/bega-circular-economy-renewable-target-sustainable-waste/104108834 (accessed 2 December 2024).
CRC TiME (Cooperative Research Centre for Transformations in Mining Economies) 2023, Foundations of post-mining transitions: Insights from our foundational research on transformations in mining economies.
—— 2024a, Project Summary: Collaborative planning for post-mine land use in the Latrobe Valley.
—— 2024b, Submission to inquiry into beneficial and productive mining land use, sub. 67.
—— 2025, Regional Economic Development, https://crctime.com.au/research/programs/program1/ (accessed 9 January 2025).
Cresswell, I., Janke, T. and Johnston, E. 2021, Australia State of the Environment 2021: overview, Canberra.
Croft, F., Voyer, M., Nichols, R., Mifsud, T., Solitei, M., Boehme, M., Gibbs, L. and McIlgorm, A. 2024, Socio-economic considerations for regenerative aquaculture on the NSW South Coast, Blue Economy Cooperative Research Centre.
CSIRO (Commonwealth Scientific and Industrial Research Organisation) 2017, Mining Equipment, Technology and Services: A Roadmap for unlocking future growth opportunities for Australia.
—— 2021a, Precision agriculture, https://www.csiro.au/en/
research/plants/crops/farming-systems/precision-agriculture (accessed 11 February 2025).
—— 2021b, Making sense of big data, CSIRO, https://www.csiro.au/en/news/All/Articles/2021/February/Making-sense-of-big-data (accessed 4 December 2024).
—— 2021c, T-Provenance: Blockchain technology for food exports, https://www.csiro.au/en/work-with-us/funding-programs/sme/csiro-kick-start/t-provenance (accessed 31 January 2025).
—— 2023a, Enabling mine closure and transitions: Opportunities for Australian industry.
—— 2023b, Sustainable Aviation Fuel Roadmap, Canberra.
—— 2024, From minerals to materials: assessment of Australia’s critical mineral mid-stream processing capabilities.
—— nd, The CarbonLock program, https://research.csiro.au/carbonlock/about/the-carbonlock-program/ (accessed 17 January 2025).
Culas, R.J., Anwar, M.R. and Maraseni, T.N. 2025, ‘A framework for evaluating benefits of organic fertilizer use in agriculture’, Journal of Agriculture and Food Research, vol. 19.
DAFF (Australian Government Department of Agriculture, Fisheries and Forestry) 2022, Snapshot - World biofuels trade, December.
—— 2025, Research and Development Corporations, https://www.agriculture.gov.au/agriculture-land/farm-food-drought/innovation/research_and_development_corporations_and_companies (accessed 31 January 2025).
Dandarvanchig, B., Herd, E., Samarakoon, N., Seawert, A. and Shepherdson, S. 2024, Responsible Investment Benchmark Report 2024 Australia.
DAWE (Australian Government Department of Agriculture, Water and the Environment) 2020, Review of the Product Stewardship Act 2011, Australian Government.
—— 2021, Hazardous Waste in Australia 2021, 22 October.
DCCEEW (Australian Government Department of Climate Change, Energy, the Environment and Water) 2013, Policies and governance for waste, https://www.dcceew.gov.au/environment/protection/waste/publications/national-waste-reports/2013/policies-and-governance#:~:text=The%20Australian%20Government%20is%20responsible,to%20obligations%20under%20international%20agreements. (accessed 9 January 2025).
—— 2021a, Environment Ministers’ Meeting - 15 April 2021: Agreed Communique, 15 April.
—— 2021b, E-Product Stewardship in Australia: Evidence Report.
—— 2022a, Environment Ministers’ Meeting - 21 October 2022:  Agreed Communique, 21 October.
—— 2022b, National Greenhouse Accounts 2022, https://www.dcceew.gov.au/climate-change/publications/national-greenhouse-accounts-2022 (accessed 21 November 2024).
—— 2022c, National Inventory by Economic Sector 2022 - Australian National Greenhouse Accounts.
—— 2022d, National Waste Report 2022.
—— 2023, Wired for Change.
—— 2024a, Australian Government response to the Climate Change Authority’s 2023 Review of the National Greenhouse and Energy Reporting legislation, August.
—— 2024b, Australia’s Circular Economy Framework.
—— 2024c, Carbon Capture Technologies Program grant recipients announced, https://www.dcceew.gov.au/about/news/carbon-capture-technologies-program-grant-recipients-announced (accessed 17 January 2025).
—— 2024d, Circular Economy Ministerial Advisory Group: Final report.
—— 2024e, Design for Kerbside Recyclability Grading Framework, December.
—— 2024f, Environment Ministers’ Meeting - 10 December 2024: Agreed Communique, 10 December.
—— 2024g, Environment Ministers’ Meeting - 21 June 2024: Agreed Communique, 21 June.
—— 2024h, Environmentally Sustainable Procurement Policy, July.
—— 2024i, Explanatory Statement: National Greenhouse and Energy Reporting (Measurement) Amendment (2024 Update) Determination 2024, June.
—— 2024j, Food Waste for Healthy Soils Fund, https://www.dcceew.gov.au/environment/protection/waste/food-waste/food-waste-for-healthy-soils-fund (accessed 24 January 2025).
—— 2024k, Implementing a Guarantee of Origin Scheme: Impact Analysis, September.
—— 2024l, Method Development Tracker.
—— 2024m, Methods for the Australian Carbon Credit Units (ACCU) Scheme, https://www.dcceew.gov.au/climate-change/emissions-reduction/accu-scheme/methods (accessed 12 February 2025).
—— 2024n, Minister’s product stewardship priority list, https://www.dcceew.gov.au/environment/protection/waste/product-stewardship/ministers-priority-list (accessed 21 November 2024).
—— 2024o, National Greenhouse Gas Inventory Quarterly Update: December 2023, https://www.dcceew.gov.au/climate-change/publications/national-greenhouse-gas-inventory-quarterly-update-december-2023 (accessed 11 February 2025).
—— 2024p, National Kerbside Collections Roadmap.
—— 2024q, National Waste Policy Action Plan.
—— 2024r, Review of the Recycling and Waste Reduction Act, https://www.dcceew.gov.au/environment/protection/waste/review-recycling-waste-reduction-act (accessed 22 January 2025).
—— 2024s, Safeguard Mechanism, https://www.dcceew.gov.au/climate-change/emissions-reporting/national-greenhouse-energy-reporting-scheme/safeguard-mechanism (accessed 10 January 2025).
—— 2024t, Speech to the eBay Circular Fashion Fund, https://minister.dcceew.gov.au/plibersek/speeches/speech-ebay-circular-fashion-fund (accessed 7 January 2025).
—— 2024u, Sustainable Procurement Guide: An environmental focus for Commonwealth entities, April.
—— 2024v, The Circular Advantage - Final report, Circular Economy Ministerial Advisory Group.
—— 2025a, Guarantee of Origin scheme, https://www.dcceew.gov.au/energy/renewable/guarantee-of-origin-scheme (accessed 12 February 2025).
—— 2025b, National waste and resource recovery report 2024, 20 January.
—— 2025c, Product stewardship accreditation, https://www.dcceew.gov.au/environment/protection/waste/product-stewardship/product-schemes/voluntary-product-stewardship (accessed 15 January 2025).
—— 2025d, The Natural Heritage Trust, https://www.dcceew.gov.au/environment/land/natural-heritage-trust (accessed 24 January 2025).
—— nd, Recycling Modernisation Fund, https://www.dcceew.gov.au/environment/protection/waste/how-we-manage-waste/recycling-modernisation-fund (accessed 22 November 2024a).
—— nd, Review of the Recycling and Waste Reduction Act, https://www.dcceew.gov.au/environment/protection/waste/review-recycling-waste-reduction-act#:~:text=The%20Recycling%20and%20Waste%20Reduction%20Act%202020%20supports,stewardship%2C%20including%20for%20voluntary%2C%20co-regulatory%20and%20mandatory%20approaches. (accessed 11 December 2024b).
—— 2024w, Product stewardship schemes and priorities, https://www.dcceew.gov.au/environment/protection/waste/product-stewardship/products-schemes (accessed 21 November 2024).
DCMC (Northern Territory Department of the Chief Minister and Cabinet) 2024, Innovative Territory company creates jobs while boosting remote housing, https://cmc.nt.gov.au/news/2024/innovative-territory-company-creates-jobs-while-boosting-remote-housing (accessed 7 February 2024).
DEE (Australian Government Department of Environment and Energy) 2017, National Food Waste Strategy: Halving Australia’s food waste by 2030, November.
DEECA (Victorian Department of Energy, Environment and Climate Action) 2024, Victoria’s Renewable Gas Directions Paper, December.
DELWP (Victorian Department of Environment, Land, Water and Planning) 2017, Integrated Water Management Framework for Victoria, September.
—— 2021, Victorian waste to energy framework: Supporting sustainable and appropriate investment.
Department of Regional NSW 2023, Practical guide - Post mining land use, NSW Government.
Dingley, M. 2023, 2D barcode progress update 2023/24 – where are we now and what’s to come?, Matthews Intelligent Identification, https://www.matthews.com.au/blog/2d-barcode-progress-update-2023-24-where-are-we-now-and-whats-to-come (accessed 18 February 2025).
DISR (Australian Government Department of Industry, Science and Resources) 2022, Australian Energy Statistics, Table O, April, Australian electricity generation, by state and territory, by fuel type, physical units.
—— 2024a, Australia’s Critical Minerals List and Strategic Materials List, https://www.industry.gov.au/publications/
australias-critical-minerals-list-and-strategic-materials-list (accessed 7 January 2025).
—— 2024b, Building Ministers’ Meeting: Communiqué March 2024.
—— 2024c, Commonwealth of Australia Resources and Energy Quarterly September 2024, 20 September.
Dominish, E., Florin, N. and Wakefild-Rann, R. 2021, Reducing new mining for electric vehicle battery metals: responsible sourcing through demand reduction strategies and recycling, Prepared for Earthworks by the Institute for Sustainable Futures, University of Technology Sydney.
Donovan, S. and Pickin, J. 2021, Exports of Australian waste and recovered materials in 2020-21, Department of Agriculture, Fisheries and Forestry.
DSS (Australian Government Department of Social Services) 2024, Food Relief, https://www.dss.gov.au/emergency-support/food-relief (accessed 5 December 2024).
E3 Advisory 2022, Recycling Enterprise Precinct Location Strategy, 22 December, https://www.statedevelopment.qld.gov.au/__data/assets/pdf_file/0021/83703/recycling-enterprise-precinct-location-strategy.pdf (accessed 3 December 2024).
ECCP (European Cluster Collaboration Platform) 2024, Mapping international opportunities: Australia market assessment report summary.
EI (Energy Institute) 2024, Statistical Review of World Energy.
El Bourakadi, K., Semlali, F.Z., Hammi, M. and El Achaby, M. 2024, ‘A review on natural cellulose fiber applications: Empowering industry with sustainable solutions’, International Journal of Biological Macromolecules, vol. 281, Pt 2, p. 13.
Electric Vehicle Council 2020, Local Government Resource Pack.
Ellen MacArthur Foundation 2017, A new textiles economy: Redesigning fashion’s future.
—— 2024, Measurement and reporting for the circular economy, https://www.ellenmacarthurfoundation.org/topics/measurement/overview#:~:text=Measuring%20and%20reporting%20on%20progress,identifying%20opportunities%2C%20and%20demonstrating%20impact. (accessed 27 November 2024).
End Food Waste Australia 2024, News Story: First of its kind nationwide campaign ‘The Great Unwaste’ launched, https://endfoodwaste.com.au/news-story-first-of-its-kind-nationwide-campaign-the-great-unwaste-launched/ (accessed 30 January 2025).
—— 2025, Welcome to The Great Unwaste — Let’s turn food waste around., https://thegreatunwaste.com.au/ (accessed 24 January 2025).
Engage Victoria nd, Victoria’s container deposit scheme, https://engage.vic.gov.au/container-deposit-scheme (accessed 6 January 2025).
EnviroMETS QLD 2023, Lighthouse Project 1: Post-Mining Land Use – Regulatory and Industry Practices, EnviroMETS QLD.
EPA SA (Environment Protection Authority South Australia) 2019, Waste Guidelines: Definitions, April.
—— 2020, Thermal energy from waste (EfW) activities: Position Statement.
—— 2024a, Container deposit scheme, https://www.epa.sa.gov.au/environmental_info/waste_recycling/container_deposit (accessed 11 November 2024).
—— 2024b, Review of SA Container Deposit Scheme, https://www.epa.sa.gov.au/environmental_info/waste_recycling/container_deposit/review-of-container-deposit-scheme (accessed 9 January 2025).
—— 2024c, Waste levy, https://www.epa.sa.gov.au/business
_and_industry/waste-levy (accessed 8 January 2025).
EPA Victoria (Environment Protection Authority Victoria) 2016, Broadmeadows tyre fire - Air quality, Victorian Government, Melbourne.
—— 2020, Landfills and the environment, https://www.epa.vic.gov.au/for-community/environmental-information/household-waste/landfills/landfills-and-environment (accessed 5 November 2024).
—— 2021, EPA Determnation - Specifications Acceptable to the authority for Receiving Livestock Manure and Effluent, June.
—— 2024a, How to manage dangerous good wastes.
—— 2024b, Managing waste soil, https://www.epa.vic.gov.au/
for-business/waste/waste-classification/managing-waste-soil (accessed 6 February 2025).
—— 2024c, Safe production and use of digestate guidelines, https://www.epa.vic.gov.au/for-business/waste/waste-duties/safe-production-and-use-of-digestate-guidelines#:~:
text=Digestate%20is%20the%20waste%20output,reducing%20the%20need%20for%20fertilisers. (accessed 9 December 2024).
—— 2024d, Waste levy, https://www.epa.vic.gov.au/for-business/find-a-topic/landfill-guidance/waste-levy (accessed 8 January 2025).
European Commission nd, Environmental impacts along the supply chain, RMIS - Raw Materials Information System, https://rmis.jrc.ec.europa.eu/environmental-impacts-along-the-supply-chain-3dfccf (accessed 5 February 2025).
EU (European Union) 2012, Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on waste electrical and electronic equipment (WEEE).
—— 2019, The circular design of buildings, https://circulareconomy.europa.eu/platform/en/toolkits-guidelines/circular-design-buildings (accessed 10 February 2025).
—— nd, Circular Economy Monitoring Framework, https://ec.europa.eu/eurostat/web/circular-economy/
monitoring-framework (accessed 26 November 2024).
EY (Ernst & Young) 2021, Economic contribution, unique benefits and skills assessment of NRM Groups: Natural Resource Management Regions Queensland, October.
Fast Company 2019, This office was built with 165,312 screws so it can be disassembled and reused, https://www.fastcompany.com/90434358/this-office-was-built-with-165312-screws-so-it-can-be-disassembled-and-reused (accessed 10 February 2025).
FCAI (Federal Chamber of Automotive Industries) 2024, 2023 Annual Report, Canberra.
—— and MTAA (Federal Chamber of Automotive Industries and Motor Trades Association of Australia) 2024, The Outlook for End-of-Life Vehicles in Australia.
FIAL (Food Innovation Australia Limited) 2021, National Food Waste Strategy Feasibility Study, Final.
—— 2024, FIAL’s Impact: Growing the share of Australian food in the global marketplace, March.
Fight Food Waste CRC (Fight Food Waste Cooperative Research Centre) 2020, Food Waste Australian Household Attitudes and Behaviours National Benchmarking Survey.
Fire and Rescue NSW 2024, Battery and Charging Safety, https://www.fire.nsw.gov.au/page.php?id=9389 (accessed 11 December 2024).
FISH (Foundation for Indigenous Sustainable Health) 2024, Noongar seasons, https://shop.fish.asn.au/blogs/news/noongar-seasons?srsltid=AfmBOoqHCFcxspLO8Vx_tu3kDSje1TMVn3xKpAPqwVJxp6Ym4OtVnP0Z (accessed 30 January 2025).
Fitch, P., Battaglia, M. and Lenton, A. 2022, Australia’s carbon sequestration potential: a stocktake and analysis of sequestration technologies, CSIRO.
Flinders University Centre for Social Impact 2024, Re: Tax Laws Amendment (Incentivising Food Donations to Charitable Organisations) Bill 2024: Submission by the Centre for Social Impact at Flinders University, August.
Food & Fibre Gippsland Inc. 2024, RE: Organisational Support for Tax Laws Amendment (Incentivising Food Donations to Charitable Organisations) Bill 2024, August.
Ford, L., Woodward, E., Hill, R., Tengö, M. and Harkness, P. 2020, Actions towards best practice to support Our Knowledge Our Way, Our Knowledge, Our Way in caring for Country, NAILSMA and CSIRO.
Francis, J. 2020, Regenerative agriculture - quantifying the cost, Australian Farm Institute.
Fraser, M., Conde, A. and Haigh, L. 2024, The Circularity Gap Report 2024, Circle Economy Foundation.
Friant, M.C., Vermeulen, W.J.V. and Salomone, R. 2020, ‘A typology of circular economy discourses: Navigating the diverse visions of a contested paradigm’, Resources, Conservation and Recycling, vol. 161.
Ganesan, A., Preetha, H., Subathara, S. and Bhowmik, S. 2022, ‘Comparative analysis of carbon emission from products of virgin plastics and recycled plastics and their environmental benefits’, International Journal of Environmental Science and Technology, vol. 20.
GBCA and GISA (Green Building Council Australia and Green Industries South Australia) 2023, Circular economy in South Australia’s built environment.
Gbor, N. and Chollet, O. 2024, Textiles waste in Australia: Reducing consumption and investing in circularity, The Australia Institute.
Girling, J. 2024, Textiles Extended Producer Responsibility (EPR): Status report summarising the proliferation of Extended Producer Responsibility (EPR) systems for the textiles waste stream, WRAP.
GISA (Green Industries South Australia) 2021, Which Bin SA, https://www.whichbin.sa.gov.au/ (accessed 24 January 2025).
Global Observatory of Climate Action 2022, Global synthesis report on climate action by sector, Climate Chance.
Golev, A., Gallagher, L., Vander Velpen, A., Lynggaard, J.R., Friot, D., Stringer, M., Chuah, S., Arbelaez-Ruiz, D., Mazzinghy, D., Moura, L., Peduzzi, P., and Franks, Daniel, M. 2022, Ore-sand: A potential new solution to the mine tailings and global sand sustainability crises, 1 March, University of Queensland & University of Geneva.
Good & Fugly 2023, The Farm to Supermarket Food Waste Report 2023: The Good & The Fugly of Farmer & Supermarket Relationships.
Government of Western Australia 2022, Container deposit scheme – Expanding the scope of eligible beverage containers, https://www.wa.gov.au/government/publications/container-deposit-scheme-expanding-the-scope-of-eligible-beverage-containers (accessed 9 January 2025).
—— 2023, Waste levy rate schedule, https://www.wa.gov.au/service/environment/environment-information-services/waste-levy-rate-schedule (accessed 8 January 2025).
—— 2024, Land and Public Works Legislation Amendment Act 2023, https://www.wa.gov.au/government/document-collections/land-and-public-works-legislation-amendment-act-2023 (accessed 23 January 2025).
Gray, M., Boritzke, L. and Maxwell-Barton, W.L. 2023, Global Biochar Market Report, International Biochar Initiative.
GreenPower 2024, Renewable Gas Certification.
Griffith University n.d., Australian Repair Network, https://www.griffith.edu.au/law-futures-centre/our-research/
australian-repair-network (accessed 11 December 2024).
Guerrero, A., Pole, D., Kirby, E. and Zhen, A. 2024, Hunger Report 2024, Foodbank.
Haque, K.N.H., Reeves, J. and Foran, T. 2024, Regional development aspirations for the Latrobe Valley and Gippsland: Setting the context for post-mine land use planning., CRC TiME.
Harris Farm Markets 2022, Imperfect Picks, https://www.harrisfarm.com.au/blogs/campaigns/imperfect-picks (accessed 17 February 2025).
Hawkins, W., Cooper, S., Allen, S., Roynon, J. and Ibell, T. 2021, ‘Embodied carbon assessment using a dynamic climate model: Case-study comparison of a concrete, steel and timber building structure’, Structures, vol. 33, pp. 90–98.
HEPA 2021, HEPA Strategic Plan 2022-2025, October.
Heritage Minerals nd, Mount Morgan, Heritage Minerals, https://heritageminerals.com.au/project/ (accessed 1 December 2024).
HIA and AMGC (Housing Industry Association and Advanced Manufacturing Growth Centre) 2022, Regulatory barriers associated with prefabricated and modular construction, Final Report, October, Swinburne University of Technology.
Hines 2023, Hines Completes Construction of Tallest Mass Timber Office Building in Melbourne, https://www.hines.com/news/hines-completes-construction-of-tallest-mass-timber-office-building-in-melbourne (accessed 7 February 2025).
Hodkiewicz, P. 2024, ‘Challenges with Ore Body Knowledge: A Geologist’s Perspective’, https://www.mining3.com/challenges-with-ore-body-knowledge-a-geologists-perspective/ (accessed 29 November 2024).
Hogan, L. 2018, Food Demand in Australia: Trends and Issues 2018, Research Report, August, 18.10, Department of Agriculture and Water Resources, Australian Bureau of Agricultural and Resource Economics and Sciences.
Hooton, R.D. and Bickley, J.A. 2012, ‘Prescriptive versus performance approaches for durability design – The end of innocence?’, Materials and Corrosion, vol. 63, no. 12, pp. 1097–1101.
Huang, B., Xing, K. and Rameezdeen, R. 2023, ‘Exploring Embodied Carbon Comparison in Lightweight Building Structure Frames: A Case Study’, Sustainability, vol. 15, no. 20, https://www.mdpi.com/2071-1050/15/20/15167 (accessed 13 January 2025).
Hume City Council nd, Hume City Council Climate Action Plan 2023-2028.
Hutchins, N. 2024, Media Release - Promoting Victoria’s Prefabricated Construction Industry, 3 September, Victorian Government.
IBISWorld 2025, Heavy Machinery Repair and Maintenance in Australia - Market Research Report (2015-2030), https://www.ibisworld.com/australia/industry/heavy-machinery-repair-and-maintenance/5044/ (accessed 3 February 2025).
ICC & EY (International Chamber of Commerce and Ernst & Young) 2024, Putting the circular economy into motion: From barriers to opportunities.
ICMM (International Council of Mining and Metals) 2019, Integrated Mine Closure - Good Practice Guide, 2nd Edition.
IEA (International Energy Agency) 2022, Special Report on Solar PV Global Supply Chains.
—— 2024, Trends in Photovoltaic Applications.
Infrastructure Australia 2021, Guide to economic appraisal: Technical guide of the Assessment Framework, July.
—— 2022, Replacement Materials: Understanding the market for replacement materials across major infrastructure road projects, December.
Infrastructure NSW 2019, Barangaroo becomes Australia’s first carbon neutral precinct, https://www.infrastructure.nsw.gov.au/
news/barangaroo-becomes-australia-s-first-carbon-neutral-precinct/ (accessed 16 December 2024).
—— 2022, Integrate infrastructure, land use and service planning, https://sis2022.infrastructure.nsw.gov.au/key-objectives/integrate-infrastructure-land-use-and-service-planning (accessed 6 February 2025).
—— 2024, Decarbonising Infrastructure Delivery Policy.
Isa, A., Nosbi, N., Ismail, M.C., Akil, H.M., Ali, W.F.F.W. and Omar, M.F. 2022, ‘A Review on Recycling of Carbon Fibres: Methods to Reinforce and Expected Fibre Composite Degradations’, Materials, vol. 15, no. 14.
Issac, M.N. and Kandasubramanian, B. 2021, ‘Effect of microplastics in water and aquatic systems’, Environmental Science and Pollution Research, vol. 28.
Jadhav, E.B., Sankhla, M.S., Bhat, R.A. and Bhagat, D.S. 2021, ‘Microplastics from food packaging: An overview of health threats, and alternative solutions’, Environmental Nanotechnology, Monitoring & Management.
Jobs and Skills Australia 2024, Mining, https://www.jobsandskills.gov.au/data/occupation-and-industry-profiles/industries/mining (accessed 29 January 2025).
Johnson, M. 2022, UL Certification Helps Promote Repurposing of Electric Vehicle (EV) Batteries, UL Solutions, https://www.ul.com/news/ul-certification-helps-promote-repurposing-electric-vehicle-ev-batteries (accessed 9 January 2025).
Joseph, S. and Taylor, P. 2024, A farmer’s guide to the production, use and application of biochar, ANZBIG.
JPCSMA (Japanese Prefabricated Construction Suppliers and Manufacturers Association) 2018, The current state of prefabricated buildings, https://www.purekyo.or.jp/about/prefab_building/present_situation/index.html (accessed 5 February 2024).
Juncal, M.J.L., Masino, P., Bertone, E. and Stewart, R.A. 2023, ‘Towards nutrient neutrality: A review of agricultural runoff mitigation strategies and the development of a decision-making framework’, Science of the Total Environment, vol. 874.
Kaparaju, P., Conde, E., Nghiem, L., Trianni, A., Cantley-Smith, R., Leak, J., Katic, M., Nguyen, L., Jacobs, B. and Cunningham, R. 2023, Anaerobic digestion for electricity, transport and gas. Final report of opportunity assessment for research theme B5.
Karacabeyli, E. and Gagnon, S. 2019, Canadian CLT handbook, 2019 edition., FPInnovations.
Kathmandu 2025, Microfibres: the unseen plastic pollution problem, https://www.kathmandu.co.nz/blog/microfibres-the-unseen-plastic-pollution-problem?srsltid=AfmBOopTilPVN
52giHHzs97GL00s-Q08fNx_22PTbHJalojJPHAfX7XR (accessed 14 January 2025).
Kempton, L., Boehme, T. and Amirghasemi, M. 2024, ‘A material stock and flow analysis for Australian detached residential houses: Insights and challenges’, Resources, Conservation and Recycling, vol. 200.
Kerrigan, G. and Leary, J. 2022, ‘Spotlight: Mining law in Australia’, The Mining Law Review, vol. 11.
King, M. 2024, Production tax incentives to help build a Future Made in Australia, Media release.
Kinley, R.D., Martinez-Fernandez, G., Matthews, M.K., de Nys, R., Magnusson, M. and Tomkins, N.W. 2020, ‘Mitigating the carbon footprint and improving productivity of ruminant livestock agriculture using a red seaweed’, Journal for Cleaner Production, vol. 259.
Kinnunen, P. and Kaksonen, A. 2019, ‘Towards circular economy in mining: Opportunities and bottlenecks for tailings valorization’, Journal of Cleaner Production, vol. 228, pp. 153–160.
Kirchherr, J., Reike, D. and Hekkert, M. 2017, ‘Conceptualizing the circular economy: An analysis of 114 definitions’, Resources, Conservation and Recycling, vol. 127, pp. 221–232.
Kirkegaard, J.A., Conyers, M.K., Hunt, J.R., Kirkby, C.A., Watt, M. and Rebetzke, G.J. 2013, ‘Sense and nonsense in conservation agriculture: Principles pragmatism and productivity in Australian mixed farming systems’, Agriculture, Ecosystems and Environment, vol. 187.
Kornatz, P., Gromke, J.D. and Rensberg, N. 2021, IEA Bioenergy Task 37: Country Report Germany 2021, Deutsches Biomasseforschungszentrum.
KPMG 2023, Australian National Food Donation Tax Incentive Implementation Analysis: Testing the feasibility of a National Food Donation Tax Incentive scheme for Australia.
—— 2024, Sustainability reporting survey: Global and Australian insights.
KPMG Australia 2024, Renovation Domination: decline in new builds while home renovations surge.
Kragt, M.E. and Manero, A. 2021, ‘Identifying industry practice, barriers, and opportunities for mine rehabilitation completion criteria in western Australia’, Journal of Environmental Management, vol. 287.
Kremer, P. and Symmons, M. 2015, ‘Mass timber construction as an alternative to concrete and steel in the Australia building industry: A PESTEL evaluation of the potential’, International Wood Products Journal, vol. 6.
Kroon, F.J., Motti, C.E., Jensen, L.H. and Berry, K.L.E. 2018, ‘Classification of marine microdebris: A review and case study on fish from the Great Barrier Reef, Australia’, Scientific Reports, vol. 8, no. 1, pp. 1–15.
Lane, R., Lindsay, J., Arunachalam, D. and Raven, R. 2024, ‘Repair and maintenance in Australian households: what drives this critical consumption work in the circular economy?’, Consumption and Society, vol. Early View, pp. 1–21.
Lansdell, N., Cheesman, J., Rolfe, J., O’Connor, P. and Ablaza, C. 2023, Review of the Agriculture Biodiversity Stewardship Pilots to inform the Nature Repair Market, May, Marsden Jacob.
Larsen, J., Rashti, M.R., Esfanbod, M. and Chen, C. 2022, ‘Organic amendments improved soil properties and native plants’ performance in an Australian degraded land’, Soil Research, vol. 62.
Laubinger, F. and Börkey, P. 2021, ‘Labelling and information schemes for the circular economy’, Organisation for Economic Co-operation and Development (OECD) Environment Working Papers No. 183.
LeGrand, C. 2023, Investigating the Suitability of WA Mine Waste for Infrastructure Related Projects, Western Australian Road Research and Innovation Program.
Lewis, H., Downes, J., Verghese, K., Florin, N., Young, G. and Kylie, M. 2017, Food waste opportunities within the food wholesale and retail sectors, University of Technology Sydney Institute of Sustainable Futures.
——, Florin, N., Read, R. and Kulkarni, K. 2023, Global scan of packaging stewardship schemes: Lessons for Australia, April, Product Stewardship Centre of Excellence.
Leyton-Flor, S.A. and Sangha, K. 2024, ‘The socio-ecological impacts of mining on the well-being of Indigenous Australians: A systematic review’, The Extractive Industries and Society, vol. 17.
Li, H.X., Luther, M. and Mills, A. 2017, ‘Prefabrication in the Australian context’, Modular and Offsite Construction (MOC) Summit Proceedings.
Li, M., Jia, N., Lenzen, M., Malik, A., Wei, L., Jin, Y. and Raubenheimer, D. 2022, ‘Global food-miles account for nearly 20% of total food-systems emissions’, Nature Food, vol. 3.
Lifecycles, EconSearch, Colby Industries and University of Queensland 2017, The Potential Benefits of a Circular Economy in South Australia, Commissioned by Green Industries SA.
Local Government NSW 2022, Integrated Recycling Operations - planning and implementation.
Lockrey, S., Millicer, H. and Collins, R. 2022, Enabling Design for Environmental Good Sub Report: Electronic Goods Sector, DCCEEW.
——, ——, Collins, R., Fennessy, L., Rajaratnam, M., Hill, A. and Wesselius, H. 2022, Enabling design for environmental good. Sub report: Textiles sector.
Loizou, L., Barati, K., Shen, X. and Li, B. 2021, ‘Quantifying Advantages of Modular Construction: Waste Generation’, Buildings, vol. 11, no. 12, p. 622.
Mahmudul, H.M., Akbar, D., Rasul, M.G., Narayanan, R. and Mofijur, M. 2022, ‘Estimation of the sustainable production of gaseous biofuels, generation of electricity, and reduction of greenhouse gas emissions using food waste in anaerobic digesters’, Fuel, vol. 310.
Makhal, A., Thyne, M., Robertson, K. and Mirosa, M. 2020, ‘“I don’t like wonky carrots”- an exploration of children’s perceptions of suboptimal fruits and vegetables’, Journal of Retailing and Consumer Services, vol. 54.
Malooly, L. and Daphne, T. 2023, R-Strategies for a Circular Economy, https://www.circularise.com/blogs/r-strategies-for-a-circular-economy (accessed 28 November 2024).
Man, K.Y., Chow, K.L., Man, Y.B., Mo, W.Y. and Wong, M.H. 2021, ‘Use of biochar as feed supplements for animal farming’, Critical Reviews in Environmental Science and Technology, vol. 51, no. 2.
Marconi, P. and Rosa, L. 2023, ‘Role of biomethane to offset natural gas’, Renewable and Sustainable Energy Reviews, vol. 187.
Master Builders Australia 2021, Response to draft Productivity Report Vulnerable Supply Chains, May.
—— 2024, Building and construction industry forecasts Australia, September.
MCA (Minerals Council of Australia) 2022, A review of Australia’s mining innovation ecosystem: Digital Mine.
—— 2024, Trade and Investment, Minerals Council of Australia, https://minerals.org.au/policies/trade-and-investment/ (accessed 1 December 2024).
McCabe, B. 2022, IEA Bioenergy Task 37: A perspective on the state of the biogas industry from selected member countries, EIA Bioenergy.
McKinsey & Company 2019, Modular construction: From projects to products, June.
—— 2020, Fashion on climate: How the fashion industry can urgently act to reduce its greenhouse gas emissions.
Miatto, A., Emami, N., Goodwin, K., West, J., Taskhiri, S., Wiedmann, T. and Schandl, H. 2024a, A comprehensive material flow account for the Australian economy to support the assessment of Australia’s progress towards a circular economy, CSIRO.
——, Lu, Y., Marcos Martinez, R. and Schandl, H. 2024b, Modelling circular economy transition targets. A report for the Department of Climate Change, Energy, the Environment and Water, CSIRO.
Miles, S., Dick, C. and Scanlon, M. 2024, Homes for Queenslanders: Budget delivers plan, 600 modular homes, https://statements.qld.gov.au/statements/100473 (accessed 7 February 2025).
Minns, C., Jackson, R. and Scully, P. 2024, Modular homes to deliver more social housing, sooner, https://www.nsw.gov.au/
media-releases/modular-homes-to-deliver-more-social-housing-sooner (accessed 7 February 2025).
Mirosa, M., Mainvil, L., Horne, H. and Mangan-Walker, E. 2016, ‘The social value of rescuing food, nourising communities’, British Food Journal, vol. 118, no. 12.
Modscape 2024, Why Modscape?, https://modscape.com.au/what-we-do/why-modscape/ (accessed 7 February 2025).
Molla, A.S., Tang, P., Sher, W. and Bekele, D.N. 2021, ‘Chemicals of concern in construction and demolition waste fine residues: A systematic literature review’, Journal of Environmental Management, vol. 299.
Mordor Intelligence 2025, Australia home textiles market size, https://www.mordorintelligence.com/industry-reports/australia-home-textiles-market (accessed 24 January 2025).
Morris, A. and Metternicht, G. 2016, ‘Assessing effectiveness of WEEE management policy in Australia’, Journal of Environmental Management, vol. 181, pp. 218–230.
MP Consulting (Matthews Pegg Consulting Pty Ltd) 2021, Review of the co-regulatory arrangement under the National Environment Protection (Used Packaging Materials) Measure 2011.
MRIWA (Minerals Research Institute of WA) 2024a, Alternative Use of Tailings and Waste, https://www.mriwa.wa.gov.au/
minerals-research-advancing-western-australia/focus-areas/alternative-use-of-tailings-and-waste/ (accessed 28 November 2024).
—— 2024b, Mineral Carbonation, a roadmap to decarbonise Western Australia through integrated Mineral Carbonation.
Muhie, S.H. 2022, ‘Novel approaches and practices to sustainable agriculture’, Journal of Agriculture and Food Research, vol. 10.
Murphy, H. and van Leeuwen, S. 2021, Australia state of the environment 2021: biodiversity.
NAIF (Northern Australia Infrastructure Facility) 2022, Mount Morgan Tailings Processing and Rehabilitation Project, https://www.naif.gov.au/our-projects/heritage-minerals-mount-morgan-tailings-processing-and-rehabilitation-project/ (accessed 1 December 2024).
National Reconstruction Fund Corporation 2023, Renewables and low emission technologies, https://www.nrf.gov.au/what-we-do/our-priority-areas/renewables-and-low-emission-technologies (accessed 15 January 2025).
—— nd, National Reconstruction Fund Corporation.
Ncube, L.K., Ude, A.U., Ogunmuyiwa, E.N., Zulkifli, R. and Beas, I.N. 2020, ‘Environmental Impact of Food Packaging Materials: A Review of Contemporary Development from Conventional Plastics to Polyactic Acid Based Materials’, Materials.
Ndalloka, Z.N., Nair, H.V., Alpert, S. and Schmid, C. 2024, ‘Solar photovoltaic recycling strategies’, Solar Energy, vol. 270, p. 112379.
Nestor, S. 2023, ‘FOGO rollout keeping the green bins rolling’, Council, Environment, Features, Planning, Sustainability, Waste Management.
NFF Horticulture Council (National Farmers Federation Horticulture Council) 2024, ACCC Supermarkets inquiry 2024-25, April.
NFF (National Farmers Federation) 2024, Tax Laws Amendment  (Incentivising Food Donations to Charitable  Organisations) Bill 2024, August.
Nissan 2018, Nissan LEAF batteries to light up Japanese town, https://usa.nissannews.com/en-US/releases/nissan-leaf-batteries-to-light-up-japanese-town (accessed 9 January 2025).
Nous Group 2019, Policy directions to increase business investment in innovation, 18 September.
NSW DCCEEW (New South Wales Department of Climate Change, Energy, the Environment and Water) 2024, Opportunities for a renewable fuel industry in NSW, December.
NSW DPIE (New South Wales Department of Planning , Industry and Environment) 2022, 2022-2023 Integrated water strategies program, https://water.dpie.nsw.gov.au/about-us/reporting/reporting-on-water-strategy-implementation/2022-23-Annual-progress-report/integrated-water-strategy-and-adaptive-management (accessed 6 February 2025).
—— 2021a, New South Wales Plastics Action Plan, June.
—— 2021b, NSW Waste and Sustainable Materials Strategy 2041, Sydney.
NSW DPIRD (NSW Department of Primary Industries and Regional Development) 2024, NSW critical minerals and high-tech metals strategy 2024–35.
NSW EPA (Environment Protection Authority New South Wales) 2021a, Resource Recovery Exemption under Part 9, Clauses 91 and 92 of the Protection of the Environment Operations (Waste) Regulation 2014: The Ocean2Earth compost exemption June 2021, June.
—— 2016, ‘Television and Computer Recycling in New South Wales’.
—— 2019, NSW Asbestos Waste Strategy.
—— 2021b, NSW Energy from Waste Policy Statement.
—— 2024a, Embedded batteries, NSW Environment Protection Authority, https://www.epa.nsw.gov.au/your-environment/recycling-and-reuse/household-recycling-overview/embedded-batteries (accessed 27 January 2025).
—— 2024b, Food Rescue Grants, March.
—— 2024c, Measuring Reuse Activity and Impacts in NSW, 2022-23: Technical report, Charitable Reuse Australia.
—— 2024d, NSW leads the charge on mandatory battery safety, NSW Environment Protection Authority, https://www.epa.nsw.gov.au/news/media-releases/2024/epamedia241211-nsw-leads-the-charge-on-mandatory-battery-safety (accessed 27 January 2025).
—— 2024e, Review of the NSW waste levy Issues paper, May.
—— 2024f, Sydney landfill shortage, https://www.epa.nsw.gov.au/working-together/community-engagement/updates-on-issues/sydney-landfill-shortage (accessed 13 January 2025).
—— 2024g, Waste levy areas and levy rates, https://www.epa.nsw.gov.au/your-environment/waste/waste-levy/levy-regulated-area-and-levy-rates (accessed 8 January 2025).
NSW Government nd, Sustainability, https://www.barangaroo.com/past-present-future/a-21st-century-transformation/sustainability (accessed 16 December 2024).
NSW Treasury (New South Wales Treasury) 2023, Circular design guidelines for the built environment, February.
—— 2024, Stamp duty exemption on electric vehicle purchases, https://www.nsw.gov.au/driving-boating-and-transport/nsw-governments-electric-vehicle-strategy/abolish-stamp-duty (accessed 8 January 2025).
NSWPW (NSW Public Works) 2022, Northern Rivers Flood Recovery Temporary Housing Program, https://www.publicworks.nsw.gov.au/projects/north-coast/northern-rivers-temporary-housing-program (accessed 7 February 2025).
NT DEPWS (NT Department of Environment, Parks and Water Security) 2022, Northern Territory Circular Economy Strategy 2022-2027.
Observatory of Economic Complexity 2022, Australia.
OECD nd, OECD Data Explorer, https://www.oecd.org/en/data/datasets/oecd-DE.html (accessed 28 November 2024a).
—— 2019, Global Material Resources Outlook to 2060: Economic Drivers and Environmental Consequences.
—— 2024, Monitoring Progress towards a Resource-Efficient and Circular Economy, Paris.
—— nd, Material productivity, https://www.oecd.org/en/data/indicators/material-productivity.html (accessed 6 December 2024b).
O’Farrell, K. 2019, Tyre flows and recycling analysis, Envisage Works, Melbourne.
Ogilvy, S., Heagney, E. and Gregg, D. 2024, Farming for the Future: An impact focussed research and change program for Australian producers, May, Meat & Livestock Australia Limited.
Ogunmakinde, O.E. 2019, ‘A Review of Circular Economy Development Models in China, Germany and Japan’, Multidisciplinary Digital Publishing Institute, Recycling, vol. 4, no. 3, p. 27.
Orgill, S. and Dougherty, W. 2021, Regenerative Agriculture, June, New South Wales Government Department of Primary Industries.
ORR (Office of Resource Recovery) 2021, Energy from Waste Policy Queensland, Queensland Department of Environment and Science.
Oughton, C., Kurup, B., Anda, M. and Ho, G. 2022, ‘Industrial Symbiosis to Circular Economy: What Does the Literature Reveal for a Successful Complex Industrial Area?’, Circular Economy and Sustainability, vol. 2, no. 4, pp. 1317–1344.
Parliament of Australia 2018, Never waste a crisis: the waste and recycling industry in Australia, Environment and Communications References Committee, https://nla.gov.au/
nla.obj-2829540705 (accessed 16 January 2025).
—— 2024, Terms of Reference - Transition to EVs, https://www.aph.gov.au/Parliamentary_Business/Committees/House/Climate_Change_Energy_Environment_and_Water/Electricvehicles/Terms_of_Reference (accessed 17 January 2025).
—— nd, Select Committee on PFAS (per and polyfluoroalkyl substances), text, https://www.aph.gov.au/Parliamentary_
Business/Committees/Senate/PFAS_per_and_polyfluoroalkyl_substances/PFAS (accessed 12 February 2025).
Parliament of New South Wales 2024, Beneficial and productive post-mining land use, https://www.parliament.nsw.gov.au/committees/inquiries/Pages/inquiry-details.aspx?pk=3046#tab-termsofreference (accessed 23 January 2025).
PC (Productivity Commission) 2020a, Integrated Urban Water Management - Why a good idea seems hard to implement, Research Report, Canberra.
—— 2020b, Resources Sector Regulation, Study Report, Canberra.
—— 2021a, PC Productivity Insights: Things you can’t drop on your feet: An overview of Australia’s services sector productivity, Canberra, April.
—— 2021b, Right to Repair, Report no. 97, Canberra.
—— 2022, 5-year Productivity Inquiry: Innovation for the 98%, Interim Report 3, Canberra, September.
—— 2023a, 5-year Productivity Inquiry: Innovation for the 98%, Inquiry Report no. 100, Vol. 5, Canberra.
—— 2023b, Review of the National Agreement on Closing the Gap, Review paper 3: What we have heard to date - first phase of engagement.
—— 2024, Safe and Responsible Artificial Intelligence in Health Care – Legislation and Regulation Review, Productivity Commission submission, Canberra.
PEO (Parliamentary Education Office) nd, Three levels of government: governing Australia, https://peo.gov.au/understand-our-parliament/how-parliament-works/three-levels-of-government/three-levels-of-government-governing-australia (accessed 9 January 2025).
Perdana, I., Aprilianto, D.R., Fadillah, F.A., Fadli, R., Petrus, H.T.B.M., Astuti, W., Muflikhun, M.A., Nilasary, H., Oktaviano, H.S., Fathoni, F., Raihan, E. and Muzayanha, S.U. 2025, ‘Lithium recovery from mixed spent LFP-NMC batteries through atmospheric water leaching’, Nature Publishing Group, Scientific Reports, vol. 15, no. 1.
PlanetArk 2025, Clothing and textiles, Recycling near you, https://recyclingnearyou.com.au/pages/clothing (accessed 6 January 2025).
Poelina, A., Webb, T., Dhimurru Aboriginal Corporation, Aunty Shaa Smith, Smith, N., Wright, S., Hodge, P., Daley, L., Kimberley Land Council and Bardi Jawa Niimidiman Aboriginal Corporation, Woodward, E., Yates, P. and Hill, R. 2020, Foundations of Our Knowledge Our Way, Our Knowledge, Our Way in caring for Country, NAILSMA and CSIRO.
Potting, J., Hekkert, M., Worrell, E. and Hanemaaijer, A. 2017, Circular Economy: Measuring Innovation in the Product Chain, PBL Netherlands Environmental Assessment Agency, The Hague.
prefabAUS 2024, Australia’s Smart Building Revolution: A Prefabrication Industry Roadmap 2023-2033, April.
Premier of Tasmania 2024, Mining to Support our Future, https://www.premier.tas.gov.au/our-plan/our-strong-plan-for-a-stronger-economy/mining-to-support-our-future (accessed 10 December 2024).
Prober, S.M., Yuen, E., O’Connor, M.H. and Schultz, L. 2013, Ngadju kala: Ngadju fire knowledge and contemporary fire management in the Great Western Woodlands, September, CSIRO.
Product Stewardship Centre of Excellence 2025, Product Stewardship Gateway, https://gateway.stewardshipexcellence.com.au/ (accessed 6 January 2025).
—— nd, Product Stewardship, https://stewardshipexcellence.com.au/product-stewardship/ (accessed 21 November 2024).
PV Cycle 2023a, Annual Report 2023.
—— 2023b, ‘Evaluation WEEE Directive 2012/19/EU and Recommendations for EPR Renewable Energy Equipment’.
PwC and WCS (PricewaterhouseCoopers and Wright Corporate Strategy) 2011, Standing Council on Environment and Water - Attachment C: Cost benefit analysis report, December.
QLD Department of the State Development, Infrastructure and Infrastructure 2024, Resource recovery industry development program, https://www.statedevelopment.qld.gov.au/industry/
critical-industry-support/resource-recovery/industry-development-program (accessed 19 November 2024).
QLD DETSI (Queensland Department of the Environment, Tourism, Science and Innovation) 2022, Mining rehabilitation reforms, https://environment.desi.qld.gov.au/management/policy-regulation/mining-rehab-reforms (accessed 5 February 2025).
QRIDA (Queensland Rural and Industry Development Authority) 2024, Queensland Zero Emission Vehicle Rebate Scheme, https://www.qrida.qld.gov.au/program/queensland-zero-emission-vehicle-rebate-scheme (accessed 8 January 2025).
Queensland Fruit & Vegetable Growers 2024, ACCC Supermarkets Inquiry 2024-25, April.
Queensland Government 2023, Queensland Critical Minerals Strategy.
—— 2024a, Expanding the container refund scheme, https://www.qld.gov.au/environment/circular-economy-waste-reduction/reduction/container-refund/proposed-expansion (accessed 9 January 2025).
—— 2024b, Greater Whitsunday Regional Transformation Strategy.
—— 2024c, Levy rates, https://www.qld.gov.au/environment/
circular-economy-waste-reduction/disposal-levy/about/levy-rates (accessed 8 January 2025).
—— 2024d, Recycling Qld – let’s get it sorted, https://www.qld.gov.au/environment/circular-economy-waste-reduction/recycling/facts-myths (accessed 9 December 2024).
Queensland Law Reform Commission 2023, Mining lease objections review: background paper 1.
Regional Growth NSW Development Corporation nd, Special Activation Precincts: regional NSW, https://www.nsw.gov.au/regional-nsw/regional-business-and-economy-nsw/special-activation-precincts (accessed 2 December 2024).
Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S.E., Donges, J.F., Drüke, M., Fetzer, I., Bala, G., von Bloh, W., Feulner, G., Fiedler, S., Gerten, D., Gleeson, T., Hofmann, M., Huiskamp, W., Kummu, M., Mohan, C., Nogués-Bravo, D., Petri, S., Porkka, M., Rahmstorf, S., Schaphoff, S., Thonicke, K., Tobian, A., Virkki, V., Wang-Erlandsson, L., Weber, L. and Rockström, J. 2023, ‘Earth beyond six of nine planetary boundaries’, American Association for the Advancement of Science, Science Advances, vol. 9, no. 37, pp. 1–16.
Richgro 2016, Waste To Clean Energy In A Southern Hemisphere First, https://www.richgro.com.au/news/waste-to-clean-energy-in-a-southern-hemisphere-first/ (accessed 19 February 2025).
Right to Repair Europe 2024, The Belgian repairability index includes the price of spare parts: will the EU level up with this ambition?, 20 February, https://repair.eu/news/the-belgian-repairability-index-includes-the-price-of-spare-parts-will-the-eu-level-up-with-this-ambition/ (accessed 9 December 2024).
Ritchie, H., Rosado, P. and Roser, M. 2024, ‘Breakdown of carbon dioxide, methane and nitrous oxide emissions by sector’, Our World in Data, https://ourworldindata.org/
emissions-by-sector (accessed 13 January 2025).
Rizos, V. and Urban, P. 2024a, ‘Barriers and policy challenges in developing circularity approaches in the EU battery sector: An assessment’, Resources, Conservation and Recycling, vol. 209.
—— and —— 2024b, Implementing the EU Digital Battery Passport, Centre for European Policy Studies, Brussels.
Rogers, G., Ekman, J. and Titley, M. 2013, Identifying new products, uses and markets for Australian vegetables: A desktop study, April, Horticulture Australia Ltd.
Russell, J.C., Flood, V.M., Yeatman, H., Wang, J.J. and Mitchell, P. 2016, ‘Food insecurity and poor diet quality are associated with reduced quality of life in older adults’, Nutrition and Dietetics, vol. 73.
SA DHUD (SA Department for Housing and Urban Development) 2019, State planning policy 1: Integrated planning.
SACES (South Australian Centre for Economic Studies) 2024, Economic study for the sustainable development of critical minerals sector and value chain in South Australia, Department for Energy and Mining, Adelaide, South Australia.
Salmi, E.F., Bekele, E.B. and Schmid, S. 2022, Towards an inventory of abandoned mines in Australia: risk, prioritisation and opportunities, CRC TiME.
Salvation Army 2024, Tax Laws Amendment (Incentivising Food Donations to Charitable Organisations) Bill 2024.
Sarker, S.K., Haque, N., Bruckard, W., Bhuiyan, M. and Pramanik, B.K. 2022, ‘Development of a geospatial database of tailing storage facilities in Australia using satellite images’, Chemosphere, vol. 303.
Schandl, H., King, S., Walton, A., Kaksonen, A., Tapsuwan, S. and Baynes, T. 2020, National circular economy roadmap for plastics, glass, paper and tyres, CSIRO.
——, Walton, A., Okelo, W., Kong, T., Boxall, N.J., Terhorst, A. and Porter, N.B. 2024, Australia’s comparative and competitive advantages in transitioning to a circular economy. A Report to the Office of the Chief Scientist., January.
Seamless 2025, Australia sends 222,000 tonnes of clothing to landfill, https://www.seamlessaustralia.com/news/despite-rise-in-second-hand-shopping-australia-sends-222-000-tonnes-of-clothing-to-landfill (accessed 28 January 2025).
Senate Standing Committee on Environment, Recreation and the Arts 1994, Waste Disposal, September, https://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Environment_and_Communications/Completed_inquiries/pre1996/waste/index (accessed 8 January 2025).
Singh, B., McDonald, L.M., Jookana, R.S., van Zwieten, L., Butler, G., Joseph, S., Weatherley, A., Kaudal, B.B., Regan, A., Cattle, J., Dijkstra, F., Boersma, M., Kimber, S., Keith, A. and Esfandbod, M. 2014, ‘Opportunities and constraints for biochar technology in Australian agriculture: looking beyond carbon sequestration’, Soil Research, vol. 52.
Slatter, B. 2024, Crop loss/waste on Australian horticulture farms, 2022-23, June, Australian Bureau of Agricultural and Resource Economics and Sciences.
SMI (Sustainable Minerals Institute) 2024a, Circular economy and waste, https://smi.uq.edu.au/research/news-and-stories/circular-economy-and-waste (accessed 2 December 2024).
—— 2024b, Mine Waste Transformation through Characterisation, https://smi.uq.edu.au/brc/research/mine-waste-transformation-through-characterisation (accessed 3 December 2024).
Soo, V.K., Peeters, J., Compston, P., Doolan, M. and Duflou, J.R. 2017, ‘Comparative Study of End-of-Life Vehicle Recycling in Australia and Belgium’, Procedia CIRP, vol. 61, pp. 269–274.
Srinivasan, V., Temminghoff, M., Charnock, S., Moisi, A., Palfreyman, D., Patel, J., Hornung, C. and Hortie, A. 2021, CO2 Utilisation Roadmap, CSIRO.
Standards Australia and ACOR (Standards Australia and Australian Council of Recycling) 2023, Standards to facilitate the use of recycled material in road construction, May.
Stanley, V. 2023, Toward an end to microfiber pollution - Patagonia stories, https://www.patagonia.com/stories/toward-an-end-to-microfiber-pollution/story-141340.html (accessed 10 January 2025).
Statista 2021, Australia: willingness of consumers to pay more for sustainable clothing products 2021, https://www.statista.com/statistics/1365667/australia-willingness-of-consumers-to-pay-more-for-sustainable-clothing-products/ (accessed 7 January 2025).
—— 2024, Sustainable fashion consumption in Australia, https://www.statista.com/statistics/1416433/australia-consumers-who-bought-sustainable-fashion-items-by-generation/ (accessed 29 January 2025).
Statistics Canada 2024, Supply and Use Tables, https://www150.statcan.gc.ca/n1/pub/15-602-x/15-602-x2017001-eng.htm (accessed 29 November 2024).
Statistics Netherlands 2023, Output and income components of GDP; activities, NA, 1995-2022, https://opendata.cbs.nl/statline/#/CBS/en/dataset/84088ENG/table?ts=1727155795512. (accessed 29 November 2024).
Steinhardt, D. and Manley, K. 2016, ‘Adoption of prefabricated housing–the role of country context’, Sustainable Cities and Society, vol. 22, pp. 126–135.
Sustainability Victoria 2014, Fact Sheet: Market summary - recycled brick, stone and concrete.
—— 2023, Where your recycling goes, https://www.sustainability.vic.gov.au/circular-economy-and-recycling/at-home/recycling-at-home/where-your-recycling-goes#:~:text=Before%20your%20recycling%20hits%20the,in%20plastic%20bags%20and%20clothing. (accessed 9 December 2024).
Suzuki, G., Uchinda, N., Tuyen, L.H., Kosuke, T., Matsukami, H., Kunisue, T., Takahashi, S., Viet, P.H., Kuramochi, H. and Osako, M. 2022, ‘Mechanical recycling of plastic waste as a point source of microplastic pollution’, Environmental Pollution, vol. 303.
Tait, S., Harris, P.W. and McCabe, B.K. 2021, ‘Biogas recovery by anaerobic digestion of Australian agro-industry waste: A review’, Journal of Cleaner Production, vol. 299.
Tan, S. and Iacono, J.N. 2023, How much does sustainability figure in Australians’ fashion choices?, https://business.yougov.com/content/47378-how-much-does-sustainability-figure-in-australian-fashion-choices (accessed 7 January 2025).
Tankou, A., Bieker, G. and Hall, D. 2023, Scaling up reuse and recycling of electric vehicle batteries: Assessing challenges and policy approaches, White Paper, International Council on Clean Transportation, Washington.
Tarasuk, V., Cheng, J., de Oliveria, C., Dachner, N., Gundersen, C. and Kurdyak, P. 2015, ‘Association between household food insecurity and annual health care costs’, Canadian Medical Association Journal, vol. 187, no. 14.
Tasmanian NRE (Department of Natural Resources and Environment Tasmania) 2024a, Recycle Rewards FAQs, https://nre.tas.gov.au/environment/recycle-rewards/recycle-rewards-faqs (accessed 8 January 2025).
—— 2024b, The Landfill Levy, https://nre.tas.gov.au/environment/waste-and-resource-recovery/landfill-levy (accessed 8 January 2025).
Tasmanian Times 2020, Northern Tas Marketplace for the Circular Economy, https://tasmaniantimes.com/2020/08/
northern-tas-marketplace-for-the-circular-economy/ (accessed 16 December 2024).
Taylor, G., Farrington, V., Woods, P., Ring, R. and Molloy, R. 2004, Review of Environmental Impacts of the Acid In-situ Leach Uranium Mining Process, CSIRO.
TCCS (Transport Canberra and City Services Directorate) 2020, ACT Waste-to-Energy Policy 2020-2025, ACT Government.
—— nd, Fees and charges, https://www.cityservices.act.gov.au/about-us/fees_and_charges (accessed 8 January 2025).
Teng, Y., Li, K., Pan, W. and Ng, T. 2018, ‘Reducing building life cycle carbon emissions through prefabrication: Evidence from and gaps in empirical studies’, Building and Environment, vol. 132, pp. 125–136.
Textile Exchange 2024, Materials market report.
TfNSW (Transport for NSW) 2020, QA Specification 3051 Granular pavement base and subbase materials, June.
The Japan Times 2024, Japan to mandate solar panel recycling when lifespan ends, https://www.japantimes.co.jp/
news/2024/11/11/japan/japan-solar-panels-recycling-plan/ (accessed 17 January 2025).
The Treasury (Australian Government Department of the Treasury) 2024a, Government response to the Independent Review of the Food and Grocery Code of Conduct, June.
—— 2024b, Independent Review of the Food and Grocery Code of Conduct - Final Report, June.
—— 2024c, Mandatory climate-related financial disclosures.
—— 2024d, ‘Unfair trading practices: Consultation on the design of proposed general and specific prohibitions’, Australian Government.
—— nd, Green Bond program, https://treasury.gov.au/policy-topics/banking-and-finance/green-bond-program (accessed 13 January 2025).
Thomson, J. 2014, ‘“Performance” Specifications for Improved Productivity and Better Value’, Proceedings of the 18th International Symposium on Advancement of Construction Management and Real Estate, pp. 441–454.
Toluna 2021, Consumer shift towards sustainability: Going green is going strong.
Torode, M., Abbott, N., Trotman, E. and Quested, T. 2023, Household Food and Drink Waste in the United Kingdom 2021/22, November, WRAP.
TSA (Tyre Stewardship Australia) 2019, Retreading fact sheet, Melbourne.
—— 2024a, Annual Report 2023/2024, Melbourne.
—— 2024b, Australian tyre consumption and recovery 2023-24, Melbourne.
—— 2024c, Best practice guidelines for tyre storage and fire and emergency preparedness, 3, Melbourne.
Tunnicliffe, A. 2024, ‘Mining equipment: carrying the load - Mine Australia’, Mine, no. 47, https://mine.nridigital.com/mine_australia_sep24/surface-mining-equipment-2024 (accessed 1 December 2024).
UK DEFRA (United Kingdom Government Department for Environment, Food & Rural Affairs) 2024, Extended producer responsibility for packaging: who is affected and what to do, https://www.gov.uk/guidance/extended-producer-responsibility-for-packaging-who-is-affected-and-what-to-do (accessed 22 January 2025).
UNEP (United Nations Environment Programme) 2020, Sustainability and circularity in the textile value chain: Global stocktaking.
—— 2023a, Sector profile for Agriculture in Australia.
—— 2023b, Sustainability and circularity in the textile value chain: A global roadmap.
—— 2024a, Global Resources Outlook 2024: Bend the trend - Pathways to a liveable planet as resource use spikes, International Resource Panel, Nairobi.
—— 2024b, Integrated Urban Planning, https://www.unep.org/topics/cities/integrated-planning/
integrated-urban-planning#:~:text=Integrated%20planning
%20is%20a%20powerful,%2C%20housing%2C%20health%20and%20biodiversity. (accessed 6 February 2025).
—— 2024c, Why These Guidelines?, https://www.neighbourhoodguidelines.org/why-guidelines (accessed 6 February 2025).
—— 2024d, Data Download – SCP Hotspot Analysis, https://scp-hat.org/data-download/ (accessed 21 November 2024).
UNITAR (United Nations Institute for Training and Research) 2024, The Global E-Waste Monitor 2024.
UPPAREL 2024, UPPAREL: For the next generation, https://upparel.com.au/ (accessed 9 January 2025).
US EPA (United States Environmental Protection Authority) n.d., End-of-Life Solar Panels: Regulations and Management, https://www.epa.gov/hw/end-life-solar-panels-regulations-and-management (accessed 17 January 2025).
Valentini, F. and Pegoretti, A. 2022, ‘End-of-life options of tyres. A review’, Advanced Industrial and Engineering Polymer Research, vol. 5, no. 4, pp. 203–213.
Velten, S., Leventon, J., Jager, N. and Newig, J. 2015, ‘What Is Sustainable Agriculture? A Systematic Review’, Sustainability, vol. 7.
Vernon, C. 2020, Finding value in in-situ recovery, CSIRO, https://research.csiro.au/resourcesandsustainability/finding-value-in-in-situ-recovery/ (accessed 1 December 2024).
VIC DTP (Victorian Department of Transport and Planning) 2023a, About ecologiQ, https://bigbuild.vic.gov.au/about/ecologiq/about-ecologiq (accessed 10 February 2025).
—— 2023b, Technical Note 107: Use of Recycled Materials in Road Pavements, July.
—— 2024a, ecologiQ resources – Recycled materials reference guides, https://bigbuild.vic.gov.au/about/ecologiq/
resources (accessed 10 February 2025).
—— 2024b, Land use and transport integration.
—— 2024c, Recycled First Policy, https://bigbuild.vic.gov.au/__data/assets/pdf_file/0008/702863/Recycled-First-Policy.pdf (accessed 10 February 2025).
Victorian Government 2020, Recycled First Policy, March.
—— 2022, Victoria’s waste and recycling industry, https://www.vic.gov.au/waste-and-recycling-industry (accessed 29 November 2024).
—— 2024, Packaging, transport and disposal of asbestos.
—— nd, A framework for place-based approaches.
WA DoT (WA Department of Transport) 2024a, Appendix A: Sustainable Procurement and Contracts Guidance, Government of Western Australia.
—— 2024b, Transport Portfolio Sustainable Infrastructure Policy, Government of Western Australia.
WA DWER (Western Australian Government Department of Water and Environmental Regulation) 2023, Why should we fence and revegetate our waterways?, May.
WACOSS (Western Australia Council of Social Service) 2024, Response to the Senate Economics Legislation Committee: Exposure Draft Inquiry into Tax Laws Amendment (Incentivising Food Donations to Charitable Organisations) Bill 2024, September.
Walsh, J., Bragg, A., O’Neill, D., Stewart, J., Smith, D., Whish-Wilson, P. and Davey, P. 2024, Economics Legislation Committee: Tax Laws Amendment (Incentivising Food Donations to Charitable Organisations) Bill 2024, The Australian Senate, 2024.
Waste Authority WA (Waste Authority Western Australia) 2019, Roads to Reuse - Promoting the use of recycled construction and demolition (C&D) products, https://www.wasteauthority.wa.gov.au/programs/view/roads-to-reuse (accessed 7 February 2025).
Waste Management Review 2016, Richgro Bioenergy Plant, Jandakot, Western Australia - Waste Management Review, https://wastemanagementreview.com.au/richgro-bioenergy-plant-jandakot-western-australia/ (accessed 20 January 2025).
Wei, Z., Hoffland, E., Zhuang, M., Hellegers, P. and Cui, Z. 2021, ‘Organic inputs to reduce nitrogen export via leaching and runoff: A global meta-analysis’, Environmental Pollution, vol. 291.
West, J., Ford, J.A. and Meyers, J. 2021, Known unknowns: the devil in the details of energy metal demand, CSIRO, Australia.
WGBC (World Green Building Council) 2018, World Green Building Trends 2018.
Wheeler, M. 2021, ‘Harris Farm combats food waste with new initiative’, Food and Beverage Industry News, https://www.foodmag.com.au/harris-farm-combats-food-waste-with-new-initiative/ (accessed 17 February 2025).
WHO (World Health Organization) 2024, Electronic waste (e-waste), https://www.who.int/news-room/fact-sheets/detail/electronic-waste-(e-waste) (accessed 30 November 2024).
Willer, H., Trávníček, J. and Schlatter, B. 2024, The World of Organic Agriculture: Statistics and Emerging Trends 2024, Organic Agriculture in Oceania: Key Facts and Figures, Research Institute of Organic Agriculture FiBL, Frick, and IFOAM – Organics International.
Williams, K., Hunter, B., Schmidt, B., Woodward, E. and Cresswell, I. 2021, Australia State of the Environment 2021: land.
Wilson 2021, Learnings from France on textile waste and EPR, https://www.innovationintextiles.com/industry-talk/ (accessed 6 December 2024).
Witte, B., Obloj, P., Sedef, K., Morach, B., Brigl, M., Rogg, J., Ulrik, S., Walker, D., Von Koeller, E., Dehnert, N. and Grosse-Holz, F. 2021, Food for thought: The Protein Transformation, March, Boston Consulting Group.
Wood Solutions 2024a, Forte Living, https://www.woodsolutions.com.au/case-studies/forte-living (accessed 1 January 2025).
—— 2024b, North Shore Pavilion, https://www.woodsolutions.com.au/case-studies/north-shore-pavilion (accessed 1 January 2025).
Woolworths Group 2024a, Submission to the ACCC Supermarkets Inquiry 2024-25, April.
—— 2024b, Sustainability Report.
WRAP 2023, Assessing consumer receptivity to an eco-label for product durability, recyclability and repairability: electrical appliances, furniture and home textiles.
WSAA (Water Services Association of Australia) 2024, WSAA submission to productivity commission’s interim report national water reform 2024, April.
Xu, C., Behrens, P., Gasper, P., Smith, K., Hu, M., Tukker, A. and Steubing, B. 2023, ‘Electric vehicle batteries alone could satisfy short-term grid storage demand by as early as 2030’, Nature Publishing Group, Nature Communications, vol. 14, no. 1.
Yan, Z., Ottenhaus, L.-M., Leardini, P. and Jockwer, R. 2022, ‘Performance of reversible timber connections in Australian light timber framed panelised construction’, Journal of Building Engineering, vol. 61.
Young, A., Sima, H., Lou, N., Wu, S., Gong, Y. and Qian, X. 2024, ‘Ugly produce and food waste management: An analysis based on a social cognitive perspective’, Journal of Retailing and Consumer Services, vol. 79.
Zhao, Y., Ruether, T., Bhatt, A. and Staines, J. 2021, Australian Landscape for Lithium Ion Battery Recycling and Reuse in 2020 - Current Status, Gap Analysis and Industry Perspectives, CSIRO.
Zoppos, E. 2024, Consumer report: Sustainability remains an important value, despite cost-of-living pressures, Monash Lens.



image30.png
12% o000 315K 5

l@ of Australian industry m employed, mostly in of Australia’s
output® regional & remote areas merchandise exports®

BEE




image31.emf
Manufacturing and assembly

• No cars or tyres are made in Australia

• There is a small truck and bus

manufacturing industry

Sales and distribution

• 1.2 million new 

vehicles sold in 

Australia in 2023

Material inputs and refinement

Design policies

Recirculation

• Strong repair culture and second-hand 

market for vehicles and parts in Australia 

• Small market for second-life batteries

• Some market for tyre reuse

• Some recycling of vehicle bodies

Collection and disposal

• Vehicle parts that are not 

recycled are landfilled

• Tyres disposed of in landfill, 

stockpiled, exported or 

illegally dumped

Australian involvement in the product life cycle for tyres and vehicles 

Materials & 

energy 

Use

Production

Leakage

Design

Circular 

vehicle 

life-cycle

Recirculation

• Australia is a large producer of iron ore 

for making steel, and bauxite for 

aluminum

• EV batteries use critical minerals like 

lithium, of which Australia is an exporter

• Limited direct role 

for Australia

• Some vehicle 

brand subsidiaries 

give input to design 

of car parts

Use and maintenance

• Long use period –

average age of motor 

vehicles 11.4 years

• 21.7 million motor 

vehicles on the road in 

Australia


image32.emf
0.1 (17%)

0.1 (5%)

1 (22%)

1.5 (25%)

3.6 (27%)

5.1 (34%)

2.4 (12%)

0.6

1.9

4.6

5.9

13.3

15.1

20.4

0 5 10 15 20

Photovoltaic panels

Lamps

Small IT and telecommunication equipment

Screens and monitors

Temperature exchange equipment

Large equipment

Small equipment

E-waste documented as formally 

collected and recycled (billion kg)

Total E-waste generated (billion kg)


image33.emf
• Arsenic

• Brominated  flame retardants

• Fluorocarbons (CFCs, HCFCs)

• Polyvinyl  chloride

Recyclable 

materials

• Americium

• Antimony

• Barium

• Cadmium

• Chromium

• Cobalt

• Lead

• Lithium

• Mercury

• Nickel

• Selenium

• Tin

• Aluminium

• Bismuth

• Concrete

• Gallium 

• Glass

• Gold

• Iron

• Palladium

• Silver

• Some plastics

Hazardous 

materials


image34.emf
55%

14%

9%

22%

Ferrous metals

Plastics

Glass

Other


image1.jpg




image4.png




image5.svg
            


image6.png
V*W




image7.svg
    


image8.emf
Linear economy

Take 

Make 

Dispose

Recycling

Distribution 

Consumption, 

use, reuse and 

repair

Collection

Residual 

waste

Production, 

remanufacturing

Design

Raw materials

Use 

Circular economy


image9.emf
1.35

1.40

1.45

1.50

1.55

1.60

1.65

1.70

AUD per kg

0.0

1.0

2.0

3.0

4.0

5.0

%

0

10

20

30

40

50

60

70

%

Materials productivity Circularity rate Waste recovery ratea


image10.emf
Built environment

• 7% of economic output

• 42% of non-metallic 

minerals consumption

• 26% of all waste going to landfill

Food and agriculture

• 6% of economic output

• 22% of domestic 

material footprint

• 7% of Australia’s total emissions

c

Textiles and clothing

• 39kg consumed per 

person each year 

(2.5x global average)

• 33kg disposed per person 

each year

Mining

• 12% of economic output

• 86% of domestic materials 

extraction

• 4x more waste than all other 

sectors combined

Vehicles

• 22 million registered 

vehicles, with 1.2 million

sold new each year

• 18% of Australia’s total emissions

Electronics

• 22kg e-waste per 

person each year 

(almost 3x global average)

• Hazardous waste includes 

lithium, cobalt, nickel


image11.png




image12.svg
    


image13.png




image14.svg
    


image15.emf
Linear economy

Take

Make

Use

Dispose


image16.emf
Raw material

Leakage

(Litter and illegal dumping)

Energy recovery 

and disposal of 

residual waste

Produce

Sort / 

distribute

Recycle

Consume

Collect

Reuse, 

repair

Recovered 

materials

End of use

Sell / lease

Refurbish,

repurpose


image17.emf
Landfill

R1 Rethink

R2 Reduce

R3 Reuse

R4 Repair

R5 Refurbish

R6 Remanufacture

R7 Repurpose

R8 Recycle

R9 Recover

R0 Refuse

Circular economy

Linear economy

• Design phase

• Adds value

• Responsible use and manufacturing

• Consumption phase

• Optimal use

• Preserve and extend life of products

• End-of-life or return phase

• Capture and retain value

• Use waste as a resource

• Loss of resources

• Value lost

• Environmental pollution


image18.emf
0

50

100

150

200

250

300

350

400

450

500

1970 =100

Year

GDP

Material footprint


image19.emf
1.35

1.40

1.45

1.50

1.55

1.60

1.65

1.70

AUD per kg

Year

(a) Materials productivity


image20.emf
0

1

2

3

4

5

%

Year

(b) Circularity rate


image21.emf
0

5

10

15

20

25

30

35

40

45

50

Tonnes

Year

(c) Material footprint per capita


image22.emf
0

5

10

15

20

25

30

35

40

45

50

Tonnes

Year

(d) Domestic materials consumption per capita


image23.emf
0

0.5

1

1.5

2

2.5

3

3.5

Tonnes

Year

(e) Waste generation per capita


image24.emf
0

10

20

30

40

50

60

70

%

Year

(f) Waste recovered for recycling, reuse or energy


image25.emf
0 10,000 20,000 30,000 40,000

Professional, administrative and support services

Financial and Insurance Services

Other Services

Education and Training

Health Care and Social Assistance

Transport, Postal and Warehousing

Information Media and Telecommunications

Wholesale and Retail Trade

Public Administration and Safety

Arts and Recreation Services

Rental, Hiring and Real Estate Services

Mining

Agriculture, Forestry and Fishing

Accommodation and Food Services

Electricity, Gas, Water and Waste Services

Construction

Manufacturing

Gross value added (millions of $AUD) 

per million tonnes of material used

Netherlands

Japan

Canada

Australia


image26.emf
Guiding questions Rationale Consideration

• What market or regulatory failures act as barriers?

• What existing regulations, data collection, and 

monitoring arrangements could be built on?

• What is the evidence that an intervention would be  

cost-effective? Are there lessons to be learnt from 

elsewhere?

• What is the public support for the intervention?

• To what extent can Australia influence the part of the 

product life cycle an opportunity relates to? 

• How will the Australian context

, 

such as geography or 

population, affect an opportunity’s feasibility? 

• What is the scope for improvement

, 

given current 

adoption of circular practices?

• How large is the current and projected materials use?

• How environmentally harmful is the materials use and 

to what extent can the opportunity reduce these harms?

• To what extent are there economic or strategic reasons 

for improving materials productivity? 

Intervention is more 

likely to have net 

benefits when market 

or regulatory failures 

exist or the policy 

builds on current 

arrangements, public 

support and evidence

The applicability of 

circular economy 

opportunities will 

depend on Australia’s 

context and 

economic structure

The benefits of 

increased materials 

productivity are 

correlated with the 

size of material use 

and its impacts  

Viability of policy 

intervention 

to   

reduce barriers    

to circular 

economy 

opportunities

Applicability 

of circular 

economy 

opportunities to 

Australia 

Environmental and 

economic 

significance 

of the materials    

use addressed  


image27.png
Builtenvironment Food and agriculture 5 Textiles and clothing
(chapter4) (chapter5) !3 (chapter6)

Mining Vehicles @ Electronics k
(chapter7) (chapter8) g? (chapter9) ﬂ

System-wide arrangements (chapter 10)
Harmonising regulations, facilitating coordination, innovation, place-based initiatives, indicators





image28.emf
Building 

Material 

Production

Waste 

to 

landfill 

Intra-sectoral recycling/reuse (e.g. rubble to aggregate) 

Inter-sectoral recycling/

reuse inflows (e.g. fly ash in cement)

Planning, 

Design, 

Construction

E.g. 

buildings 

and 

infrastructure.

Cement, 

concrete, brick, 

glass, plaster, 

timber, metal.

Use/

Consumption

E.g. 

maintaining, 

refurbishing, 

renovating.

Construction 

materials, fuel. 

Demolish, 

Disassemble, 

sort, process

E.g.

demolition, 

recycling, landfill. 

Construction 

materials, fuel.  

Activity

Materials

E.g. 

saw milling, 

cement & brick 

production.

Limestone, sand, 

rock, metal, 

wood, clay, 

chemicals.

Inter-sectoral recycling/reuse 

outflows (e.g. timber as fuel)


image29.emf
Primary 

production

Households

Manufacturing Distribution Retail Consumption

Food Waste 

7.7 million tons

22% 17% 3%

19%

7%

Food service

32%


image2.png
Australian Government

Productivity Commission




image3.svg
                                                                                                                                                                                                                                                   


