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Circular Economy
Theory of Change

Convenience culture

From linear Market disincentives
deadweight Lack of accountability
Poor design
Linear use
Landfill

Inequity - lll health - Unsustainability

Value erosion
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Benefits of a Circular Economy

* Environmentally, it means lower emissions, less pollution, and healthier
ecosystems.

* Economically, it gives us stronger trade competitiveness, greater resilience in
supply chains, and drives innovation in design and materials.
For industry, this opens new markets in recycling technologies and product-as-a-
service.

* For communities, it means cleaner environments, regional jobs, and affordable
access to goods.

* And socially, circularity helps tackle housing, cost-of-living, and productivity
challenges.
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Conceptual material flow analysis framework.

National geopolitical boundaries
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Material Flows in Australia

Australia, 2019, material flows.
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Australia, 2019, biomass (a) Australia, 2019, fossil fuels (b)
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Australia, 2019, material footprint.

Material
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Resources, Conservation & Recycling 219 (2025) 108319
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Resources, Conservation & Recycling

journal homepage: www.sciencedirect.com/journal/resources-conservation-and-recycling

Full length article M)
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Detailed waste flows and circularity rates reveal the limits of the circularity
gap concept

Alessio Miatto ™ ©, Heinz Schandl>"®, Naho Yamashita “®, Tomer Fishman ¢

& Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia
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Core waste generation and fate

A. Australia, 2019 B. Japan, 2021 C. Netherlands, 2020

Energy n oy -
recovery 0.1 recovery = —— " Energy
" ‘ 0.4 Bi (r)egovery
Reuse in % 2.0 . Paper & cardboard,0 5
gnculture <0.1 ; )
S iR Reuse in X X / “Landfill
andfill 0.8 =il Hazardous waste 0.4 agricult. 0.8 — WL es, leather, rubbér 0 0.1
Fossil —— 9
i e’s‘, Ieather, rubper \Landﬁll 01 Bugls

Plastics 0.1

Metals 0.2 7
Glass 0.1 ~ /

\ Remanufact. 0.4 : Metals 0.4 b 2 Récycling 1.6
~Glass'<0.1

Remanuf.

Glass 0.1 " &
' <0.1

Other waste n.e.c. <0.1

Nonmetallic ~ Masonry materials 0.9 Other Nonmetallic Masonry materials 0.5 Other Nonmetaﬂic Other waste n.e.c. 3.4 Other

Other waste n.e.c. 0.4

minerals destinations minerals destinat. 1.4 minerals destinat.
1.0 0.3 1.3 4.4 2.8
Legend Scale Unit

[ Biomass [0 Fossil fuels T Metals © Nonmetallic minerals I 1t per person Metric tons per capita
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Key Material Flow Indicators: Australia, Japan, the Netherlands

A Domestic extraction B Domestic mat. consump.  C Imports D Exports
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Comparison of Circularity and Potential

Current circularity
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Comparison of Circularity and Potential

Current circularity No fossil
fuels
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Comparison of Circularity and Potential

Current circularity No fossil 100% recycling of
fuels landfilled core waste
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Comparison of Circularity and Potential

Current circularity No fossil 100% recycling of Reuse 5% of
fuels landfilled core waste mining waste
J ' V y )
4.2% 4.4% 5.1% 6.0%
/

T TN

c

-4 16.4% 20.8% 17.0% 16.5%
5

v

5

c

E \ \ \
= 25.1% 37.4% 25.8% 25.1%
=

whed

®

2

OFFICIAL



OFFICIAL

Comparison of Circularity and Potential

Current circularity No fossil 100% recycling of Reuse 5% of All strategies
fuels landfilled core waste mining waste (DMC based)
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Comparison of Circularity and Potential

Current circularity No fossil 100% recycling of Reuse 5% of All strategies
fuels landfilled core waste mining waste (DMC based)
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Circularity = % of secondary materials in the domestic material consumption
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Comparison of Circularity and Potential

Current circularity No fossil 100% recycling of Reuse 5% of All strategies All strategies
fuels landfilled core waste mining waste (DMC based) (MF based)
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The circular economy as an

Circular Economy: overall objective

economic strategy

Minimise resource
extraction

Create local jobs and
resilience

Circularity rate
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Circularity Rate

Share of secondary materials in overall material use
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Imports: Consumer Goods and Embedded Resource Use

Challenge
and
potential

Heavy reliance on imported
manufactured goods

Embodied materials and
energy occur offshore

Limited domestic
remanufacturing
opportunities

Value creation leaks to
producer countries

Opportunity to extend
circularity upstream

Economic
implications

Constraints on capturing
circular economy dividends

Need for reverse logistics
infrastructure

Right-to-repair laws essential

Build local repair and
refurbishment capability

Circular procurement can re-
localise value




Imports: Policy Priorities

Product
Standards
and Design

Mandate circular design and
labelling in imported
products

Extended producer

responsibility for electronics,
textiles, vehicles

Prefer remanufactured,
modular, recyclable,
repairable goods

Set design standards through
procurement policy

Trade and
Capability

Negotiate trade
arrangements rewarding
circular practices

Ensure transparency of
embodied materials and
carbon

Strengthen domestic repair
and refurbishment capability
Reduce dependency on
linear imports




Domestic Economy: Resource Systems

Challenge
and
potential

Economic
implications
Extractive structure with low
value capture
Raw materials exported,
waste underutilised

Enormous potential in
construction, infrastructure,
and manufacturing

Close loops within domestic
material systems

Reduce material intensity
and environmental pressure

Shift from volume-based to
value-based productivity
Turn waste into secondary
resources

Service-based models:
leasing, maintenance, reuse
Transition costs: retooling,
infrastructure, retraining
Rebalance from extraction to
circular manufacturing




Domestic Economy: Policy Priorities

Targets and
Integration

Material efficiency and
productivity targets
Integrate circularity into
industrial policy

Regional development
supporting diversification
Move away from resource
extraction dependency
Public procurement as a
market pull for circular
materials

Innovation
and
Infrastructure

Support industrial symbiosis
clusters

Establish repair hubs and
networks

Design for disassembly
standards

Innovation ecosystems for
circular solutions

Regional employment in
circular services




Exports: Raw Materials and Value Chains

Targets and
Integration

Innovation
and

_ Infrastructure
Dominated by

unprocessed/semi-processed
MEICHEIS
Iron ore, coal, gas, bauxite,

and lithium exports
Vulnerability to volatile
commodity markets

Risk of stranded assets in
incumbent sectors
Opportunity to upgrade
value chains

Moving up the value chain
increases domestic income
Improve resilience against
market volatility
Reposition as a circular
materials hub for Indo-
Pacific

Investment in secondary
materials infrastructure
Transition to knowledge-
intensive jobs




Exports: Policy Priorities

Strategic
Positioning

Align trade and industry
policy with circular export
capacity

Critical materials recovery

and processing
Renewable-powered refining
infrastructure

Green materials: low-carbon
steel, recycled aluminium
Battery precursors and
advanced manufacturing

Support
Mechanisms

Export finance for circular
industries

Innovation policy supporting
new sectors

Embed circularity metrics in
export reporting

Measure resource
productivity per tonne

Not just volume, but value
and efficiency
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The Strategic Vision

Imports Domestic Economy BABOLS

Move up the value
chain: export circular
materials and
services, not raw
extraction

Address consumption Industrial
and product design transformation,
standards to avoid innovation, and jobs
importing linearity in value retention

A Dual Strategy
Industrial Diversification and Economic Sovereignty

Reduce dependence on imports for manufactured goods AND on exports of
raw commodities, while strengthening local circular value creation
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Creating a Level Playing Field

Secondary materials remain at a cost disadvantage — market prices ignore
environmental externalities

A levy on virgin materials can internalise true costs and reward material
efficiency

Applied bluntly, this risks raising input costs and reducing industrial
competitiveness

A sequenced and balanced approach can manage the transition:

 Start with high-impact materials and phase in gradually

* Recycle revenues to support innovation, tax reliefs, and circular infrastructure
* Use procurement and standards to grow markets for secondary materials

Outcome: Align price signals with sustainability, making waste costly and circular
innovation profitable &
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Circular Economy
Theory of Change

Convenience culture

From "I‘Iear Market disincentives
deadweig ht Lack of accountability
Poor design
Linear use
Landfill

Inequity - Il health - Unsustainability

Value erosion
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Circular Economy
Theory of Change

Enablers

Convenience culture

From linear Market disincentives
deadweight Lack of accountability CIRCULAR
ECONOMY
Poor design
Linear use
Landfill

Inequity - Il health - Unsustainability

Value erosion
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Circular Economy
Theory of Change

Enablers

Energy
Convenience culture Technical // waterial fig,
From linear Market disincentives Biological // U\/\\-\G %
- . . iy
deadwe|g ht Lack of accountability Housing / é‘ CIRCULAR O
o W ecoNoMy =
Mobility o
Poor design Eaed
Linear use Eneray
Landfill
| Systems to meet
Inequity - Ill health - Unsustainability people’s needs

Value erosion
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Circular Economy

Theory of Change

Enablers
Energy /
Convenience culture Technical / waterial fig,
From linear Market disincentives Biological // 0\’\\46 %
deadweig ht Lack of accountability Housing / 6 CIRCULAR %
= W EcoNoMy =
Mobility o
Poor design e
Linear use ey
Landfill

Inequity - Ill health - Unsustainability

Systems to meet
people’s needs
Value erosion

Pathway
to change

Learn - AdOP®
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the future

Assess
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locally

Tipping point
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CI rcular ECOﬂO my How can we meet Australia’s
needs for a circular economy
Theory of Change

gEnablers

Energy
Convenience culture Technical //
From linear Market disincentives Biological
deadweight Lack of accountability Housing 4:7 e
Mobility
Poor design B

Linear use

Energy
. v
Landfill o
N Systems to meet ’
Inequity - Ill health - Unsustainability people’s needs

Value erosion

Equity - Wellbeing - Sustainability
X
Learn - Ado®

Pathwa . N
y Imagine  Assess  Mobilise
to Change the future the options locally
Tipping point
WITH NEW...
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megatrends Social pra
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Circular Economy as Mission-Oriented Research

Addresses key challenges: climate,

Bold, inspirational, and with _ _
) ) nature, equity, and sustainable
wide societal relevance prosperity

@ A clear direction: targeted, Metrics anchor policy frameworks with
measurable and time-bound milestones, thresholds, and targets

Ambitious but realistic research  Science drives systems innovation,
Q linking knowledge to experimentation,

and innovation actions pilots and large-scale transitions



Circular Economy as Mission-Oriented Research

&
@

Cross-disciplinary, cross-sectoral
and cross-actor innovation

Multiple bottom-up solutions

Innovation bridges disciplines, sectors, and stakeholders to
drive systemic change

Diverse place—based solutions can converge and scale to
drive regional and national transition
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Thank you

Dr Heinz Schandl
Senior Principal Research Scientist and Circular Economy Lead
CSIRO Environment

Black Mountain Science and Innovation Park, Clunies Ross St,
ACT 2601, Canberra, Australia, +61 448 760 772

Adjunct Professor at the Graduate School of Environmental
Studies, University of Nagoya, Japan

Member of the United Nations Environment Programme (UNEP)
International Resource Panel (IRP)

Expert Group Member of the United Nations Commission for
Regional Development (UNCRD) Regional 3R and Circular
Economy Forum for Asia and the Pacific

www.linkedin.com/in/heinz-schand|-5221563b/
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