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QLESLIE | The Linear Economy:

) "Take-Make-Throw"

Traditional Model:

Extract raw materials > Manufacture products - Sell/Use = Discard as waste
Global Impact: The world produces about 20 gigatonnes of waste annually.
This equates to roughly 7.5 kg per person every day

The Linear Model: Take-Make-Throw

Take Make Throw
(Extraction) (Production) (Disposal)

20 Gigatonnes: Processing
and end-of-life waste generated
globally every year.

55 Billion kg: Waste
generated every single day.

7.5 kg: Waste generated per
person, per day.

v Co-funded by Van Ewijk, S. and Stegemann, J.A. 2023. An Introduction to Waste Management and Circular Economy. London: UCL Press.
3l the European Union https://doi.org/10.14324/111.9781800084650
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The Limits of Linear
) Consumption

Limits to Growth: Extraction vs. Planetary Boundaries
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The Anthropogenic
Material Lifecycle
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Q LESLIE Defining the Circular Economy

)

Linear economy Circular economy

_ _ Material
Material extraction extraction

Recycling Repair,
remanufacture

Production

Production
Recycling

Waste disposal Waste
disposal

Use
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@ LESLIE The Three Core Principles

)

Design out waste
and pollution.
Waste does not exist in

nature; it is a flaw in
human design.

Keep products and
materials in use.

Retain the highest utility and
value of technical and
biological nutrients at all
times.

Regenerate
natural systems.
Move from extracting

from nature to actively
restoring natural capital.
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EESLIE . Material Circularity:

) The Butterfly Diagram
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QLESLIE | Biological Cycles (Biotic Nutrients)

Materials: Food, timber, cotton,
and bio-based materials.

Loop Strategy: "Waste equals
food".

Circular Processes:

= Anaerobic Digestion &
Composting: Returning
organic matter to soil.

Biological
nutrients

= Cascading: Using materials for
A — multiple purposes before they

BIOLOGICAL CYCLE return to the biosphere

for products for consumption
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Q LESLIE Technical Cycles (Abiotic Nutrients)

Materials: Metals, plastics, and
minerals.

Production

Loop Strategy: Maintain
embedded quality, energy, and
value.

Technical
nutrients

Hierarchy of Action:

Maintain/Repair - Reuse -
Remanufacture - Recycle.

Return, Use phase
disassembly

Recycling is the last resort.

TECHNICAL CYCLE

for products for service
Co-funded by
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QLESLIE | Strategies for Circularity: The 10 Rs

)

The 10 Rs Hierarchy

Smarter product use and manufacture

RO: Refuse (Make product redundant)
R1: Rethink (Product-as-a-service)
R2: Reduce (Increase efficiency in manufacture/use)

Extend lifespan of product and its parts
R3: Reuse
R4: Repair
R5: Refurbish
R6: Remanufacture
R7: Repurpose

Useful application of materials

R8: Recycle (Process materials to obtain same/lower quality)
R9: Recover (Incineration with energy recovery)
R10: Mine (Landfill mining)

Co-funded by
the European Union
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Value Creation:
Upcycling vs. Downcycling

1 Upcycling J Downcycling

Material Fate @ Material quality is maintained or

enhanced.
~ Value ~/"  Economic value increases or
£s3 Trajectory 8 remains locked in the system.

(*) Designed for minimal energy

() Energy Input input during transition.

~  Remanufacturing a commercial
(C?j] Example T 6 printer to as-new condition.

S Co-funded by
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Material quality irreversibly
degrades.

Value drops significantly at the end
of life; merely delays the landfill.

Often requires high energy
(melting, chemical breaking) to
transform.

Shredding high-grade plastic
bottles into single-use park
benches.
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@ LESLIE Circular Business Models

)

Co-funded by
the European Union

Product-as-a-Service (PaaS) Industrial Symbiosis

Waste/Exhaust

Prowder \
/ Factory A Factory B
User
Ownership remains with the manufacturer. The A meso-level strategy where geographically close
customer pays for performance or utility (e.g., paying industries exchange physical resources. One firm's
for light, not the lightbulb). Incentivizes the manufacturer to waste (heat, water, byproducts) becomes another

design for extreme durability and repairability. firm's critical feedstock.
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QLESLIE | Systems Thinking

)

Definition: Optimising the entire system rather than
individual components.

Complexity: Every decision in desigh or production
affects the entire waste stream later.

Feedback Loops: Industrial processes should operate
like adaptive living systems.
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q LESLIE How Do We Measure Progress

Assessment Tools: LCA & MFA

Life Cycle Assessment (LCA) Material Flow Analysis (MFA)
¢ Focus: Measures the Environmental Impact (e.g., * Focus: Measures the Mass and Volume of
carbon emissions, water use, toxicity) across all materials entering, stocking within, and leaving a
stages of a product's life. defined geographical or economic system.
e Use Case: Used to ensure that shifting to a circular ¢ Use Case: Used by policymakers and urban
model doesn't accidentally increase carbon planners to track where physical resources are

emissions or energy use (avoiding 'burden shifting’). accumulating or leaking out of a city or country.

S Co-funded by
. the European Union
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