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1. Resource flows between
people & environment are
integrated
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Sustainable circular economy

* Alternative to the linear take-
make-use-dispose economy

Natural reserves
Regenerate environment

* Make better use of materials,
components and products .

Minimise o T T
resource » Production-  «
input / consumption \

system \ .
Maximise

!

' ; ; | prevention
Optimise environmental, social, P
\ material and economic values

e.qg. through product and component /
sharing, reuse and remanufacturing7
and material recycling

* Optimise economic, technical,
social and environmental values
of materials and products

* Whole system approach

* Improve social and environmental
quality while maintaining
economic prosperity

Velenturf and Purnell (2021) Principles

for a Sustainable Circular Economy
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Impacts of resource use

50% of climate emissions 90% of biodiversity loss

Image courtesy of Green Alliance



Butterfly diagram

Assumes perfect
wasteless natural
environment

In practice
claimed as
bioeconomy,
part of circular
economy

Biological nutrients
to return to
biological cycles
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;| FINITE MATERIALS

RENEWABLES @

FARMING/COLLECTION'

People existin
technosphere
separate from

nature

RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

TR

PARTS MANUFACTURER

Vo

PRODUCT MANUFACTURER

Vo

SERVICE PROVIDER

REGENERATION RECYCLE

BIOCHEMICAL
FEEDSTOCK

Technical .
nutrients, in
practice
considered
minerals /
metals, to stay in
technosphere

REB /
REMANUFACTURE

COLLECTION COLLECTION

SHARE

CASCADES

ANAEROBIC
DIGESTION

EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK?

MINIMISE SYSTEMATIC
LEAKAGE AND NEGATIVE
EXTERNALITIES

EMF (2019) Circular economy system diagram.

Based on Braungart and McDonough Cradle 2 Cradle.
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butterfly diagram —F

RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

[1] Focus on minimising and compensating
impacts for “net-zero”. Mindset change to
positive relations with environment.

i

PARTS MANUFACTURER

Vo

PRODUCT MANUFACTURER

Vo

SERVICE PROVIDER

AL

FARMING/COLLECTION'
REGENERATION RECYCLE

BIOCHEMICAL
FEEDSTOCK

[2] Energy and water costs for maintaining
flows exceed what’s sustainably available.

REMANUFACTURE

[3] Unavoidable losses of material quality
over multiple lifecycles.

REUSE/REDISTRIBUTE

MAINTAIN/PROLONG

[4] Inputs and outputs from society out of -
scope, but should not be, e.g.: Siaome

COLLECTION COLLECTION
* High input of materials for sustainable living
L EXTRACTION OF
transitions e.g. renewables BIOCHEMIAL

* Phasing out unsustainable unhealthy materials

[5] Both wings contain organic and inorganic e eeaTE
materials, by nature or human design. |
“Confusion of flows” across wings. Velenturf et al (2019) Circular economy

and the matter of integrated resources.




A new conceptual model for UNIVERSITY OF LEEDS
sustainable circularity

Natural materials: not
directly controlled by

Bi ophySiC3| environmeng pe.ople; of nqtgral or
engineered origin; take

Not controlled, but

likely influenced, by / part in natural
people SHIpTion sye bio/geo/chemical
T processes without
i causing harm
Reduce
"“'total size Oﬂis"ose_ Industrial materials:
resource transformed through
acofbimy \ production/consumption;
can at end of use safely

Take Store
: reintegrate into

biophysical environment
\ s without harm

Natural geological, chemical
and/or biological processes Velenturf et al (2019) A new perspective

Controlled by

people

on a global circular economy.
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2. We have to dematerialise for
a sustainable circular economy
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Rcycling Substitution

_ Business as usual

Reduction All of the above = SCE?
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UK Plastics
* Consumption =4000 ktpa
* Recycling capacity = 800 ktpa
* Losses ~30%
* Virgin : recycled =2.4:0.4 kg CO, per kg
plastic B
* Best practice recycled content = 40% .
* Average <10%
Industrial symbiosis. . .
saving than a . Move to best practice across the entire
0 ) industry would save around 2400 kt CO, pa
28% dec.rease I and require a 200% - 300% increase in the
production amount of recycling infrastructure, >£3
would achieve billion

Rcycling

4
20

ey
()

Close

Recycle materials. Lower ca rbon

Sources: British Plastic Federation, 2021, Recycling Roadmap: Improving UK recycling by 2030
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One polyester shirt has a 5.5kg carbon

foolprint, compared to just 2.7Tkg for a
cotton shirt - Greenpeace, 2019

Substitution
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POLYESTER COTTON

Cotton Polyester Cotton Polyester



UNIVERSITY OF LEEDS

Design: to preserve and
recover value

Information: to * The value of acomponentisinits
identify and classify . . .
value function, not its materials. To recover
Market: to distribute function-i.e. reuse.— information
and quantify value about components is valuable.
Business models: to * Aninformation and inventory
aF’IF’rOF’”ate an recycle infrastructure is required to support
valiue

this.

Reduction

5

Design (modular, less

> Component reuse, repair,
materials), lease, share.

remanufacture.
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Textiles: In all scenarios
modelled, only
recycling + substitution
+ reduction gets |
anywhere near net zero B
by 2050.

All of the above =SCE?

- (o, ) g




Sustainable circularity
Average material use per person halved

Recycling “circular” economy

Production and consumption patterns

largely unchanged Transformative

Reformative Behaviour change

Resource efficiency + sufficiency
Progress = Well-being and
environmental quality, with economic
prosperity

Technology will save us
Resource efficiency
Progress = Green growth

Weak sustainability Strong sustainability

Recycling X[V E1=Teelale]11)"



Circular
supply

Vertical
integration

Service as
product

Resource
recovery

Product
life
extension
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3. Future of circular business

models



Example business models

v" Winnow -reducing food waste (UK)

Sources: EMF, Winnow

One-third all food produced is wasted; 20%
primary wastage in commercial kitchens.
Decomposition = 5% of CO, emissions.

Al system that identifies and weighs food
waste as itis “binned”.

Analytics identifies major wastes/sales and
causes of waste.

Reports generated to suggest process
changes to eliminate waste (e.g. portion
sizes, minimum supplier orders,
preparation routes).

Reduction in waste 40% - 70%.
Decreased emissions, water use and
increased margins.

UNIVERSITY OF LEEDS



Example business models

v' ACaaS: Kaer Air (Singapore)

Global number of air conditioners

United States [l China Japan and Korea European Union india [l Indonesia Mexico [l Brazi
Middile East [l Rest of world

Sources: |[EA; Ellen MacArthur Foundation

UNIVERSITY OF LEEDS

By 2050, AC will be 13% of electricity use.

Up to 40% performance gap (under-spec) and
50% of air con units never operated (over-
spec) — poor design of systems.

Sell temperature, not air-con: capex replaced .
by “pay as you use”.

Highly-efficient, modular design approach by .
experts.

Energy savings of up to 70%.

Reduced churn of AC units.

Incentive: Kaer increases margin if energy use
per unit of cooling is decreased.

Now trialling centralised, solar-powered chiller
stations.



Example business models UNIVERSITY OF LEEDS

v Vertical integration (Foundation industries)

Sources: Holcim

Metals, cement, chemicals, paper, ceramics...

High energy/temperature and inherent process emissions
High-volume, low margin, high sunk costs

Difficult to innovate and pass innovation along supply chain

Most value is generated by products (e.g. structures, not cement)
Moves to integrate with sections of the supply chain where value is generated
Routes for innovative materials

Opportunity for value capture ;? HOLCIM WHOWE ARE  WH
tO d rive i n n Ovati O n fat Home » Media » Media releases » Holcim acquires Mark Desmedt, accelerating circular construction as driver of profit:
E g Lafa rge_ H Ol.C | m Media release « 8 July 2024

CIM ACQUIRES MARK DESMEDTTO
ELERATE CIRCULAR CONSTRUCTIONASA
/ER OF PROFITABLE GROWTH



-
1

[e]

UNIVERSITY OF LEED

Societal transitions

Antithesis:

: .. Degrowth
Antithesis: Limits to

growth Synthesis:
Doughnut

Synthesis: Multi- Synthesis: Multi- economics

dimensional dimensional
Thesis: Endless progress progress

economic growth

Innovation

Innovation
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Velenturf and Purnell (2021) Principles
for a Sustainable Circular Economy




Doughnut economics

Further reading

change

food

water

energy

networks

air Pollygj,, i

housing

social political
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DOUGHNUT
ECONOMICS

Seven Ways to Think Like a
21st-Century Economist

KATE RAWORTH

Raworth (2017) Doughnut

Economics: Seven Ways to Think
Like a 215t-Century Economist




-
ﬁ
H

UNIVERSITY OF LEEDS

4. Facilitating transition
processes that work
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Evidence-based changes

All changes facilitated for sustainability transitions
by academia must be based on scientific evidence!
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Participation process management = UNIVERSITYOFLEED

Steer towards £y

strategic

outcomes... A
Why use participation processes? Some reasons:
* Better relation government-society. Democracy.
Improve organisation’s image.
O 0 o Enable achievement of higher ambitions.
n Higher quality solutions, combining local
}u} |1| % knowledge with regional, national or global

perspectives.

...that typica[[y require * Raise support for implementing change. |
. .  Access tothe means and resources to realise a
actions from diverse people. change (e.g. land, people, relations, money).

Breman et al (2008) Participatie in waterbeheer:

een vak apart. WaterTekens project.



Facilitating sustainability transitions:
a people-centred network approach

External: adaptations -
o technical and economic
to changing context

Internal: through creation
and transmission of ideas
between people

-———

——
- -

Natural

resources
Political- Industrial

economy diversity

_ Industrial
Technical . context

Business models e management

Policies

Stakeholder
involvement

Technology

Antithesis:
Sustainable
circular economy

Synthesis:
Dematerialisation
Synthesis: Closed }_{ Thesis: Closed

Antithesis:
Circular economy

Thesis: loop recycling loop recycling
Throwaway

society

Evolving societies and industries



Resources sector
(RRFfW 2016-2019)

Starting situation:
Dispersed network with divided stakeholders
Openness for circular economy and to build relations
between RRfW and stakeholders
Necessity to innovate beyond energy-from-waste and
waste exports
From exploitation to exploration

Strategy:
Worked from within the sector
Identified what drove the various stakeholders
Channelled diverse views into creative solutions
Influenced individual (groups of) stakeholders to start
moving in the same direction, create “window of
opportunity”
Brought stakeholders together in controlled arenas for
radical change, making use of a sufficiently shared vision
on the direction of travel
Anchored the change in policy, making use of processes
that were already underway




"\ Yorkshire &
* Circular

Lab UNIVERSITY OF LEED
Prof Phil Purnell Dr Anne Velenturf
Professor of Materials and Senior Researcher in Circular
Structures Economy
P.Purnell@leeds.ac.uk AVelenturf@leeds.ac.uk

Thank you!



mailto:A.Velenturf@leeds.ac.uk
mailto:P.Purnell@leeds.ac.uk

Q SUSTAINABILITY training
y =4

Learn more about the circular
economy and sustainable process

engineering

Our courses include:

= Material Resource Management and the
Circular Economy

= Sustainability Measurement
" Introduction to Sustainable Process Engineering

= Sustainability Leadership in the Process
Industries

Available face-to-face, live online and in-company.

www.icheme.org/spe
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