|IChemE

Measuring Progress in the Circular Economy
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Responsible production, innovation and industry




— Agenda - example 9 thinkstep
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5 mins The Circular Economy

5 mins The Need for Metrics

20 mins Leading Circularity Indicators
10 mins CE in Chemical Engineering
20 mins Questions

IChemE - Jim Goddin, thinkstep-anz 2



thinkstep
anz

~Understanding the Circular
Economy



Market Volatility & Growing Demand thinkstep
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- Growing demand for resources thinkstep

How many Earths do we need
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- Decreasing productivity thinkstep
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Not just metals

: REUTERS® World ~  Business ~  Markets~  Sustainability v Legal~ More v

Sand crisis looms as world population
surges, U.N. warns

By Emma Farge
April 27, 2022 4:26 PM GMTH - Updated a year ago

[E Summary

« Global sand use hits 50 bln tonnes a year
« Sand is the second-most exploited natural resource
¢ UN report calls for new rules on sand mining

» Some rivers flow backwards, deltas sink

GENEVA, April 26 (Reuters) - A U.N. report on Tuesday called for urgent action to
avert a "sand crisis," including a ban on beach extraction as demand surges to 50
billion tonnes a year amid population growth and urbanisation.

Sand is the most exploited natural resource in the world after water, but its useis
largely ungoverned, meaning we are consuming it faster than it can be replaced by
geological processes that take hundreds of thousands of years, the U.N.
Environment Programme (UNEP) report says. read more

Timber shortage crisis far from
over

@ May 18, 2022 [= Market Insight, News

The Confederation of Forest Industries (Confor) recently warned that the UK
faces declining supplies of home grown wood due to lack of productive tree
planting. With the country currently needing to import over 80% of

its wood requirement, the UK could be sleepwalking into a timber shortage
crisis in the not too distant future. Stuart Goodall, Chief Executive, Confor,
examines the threats to supply and why the UK must urgently move productive
tree planting up the agenda.

Beyond the UK, it is estimated by the World Bank that global demand for wood
products will treble by 2050, driven by an increased population of 7.8bn today, to
10bn in less than 30 years.[4] This huge increase is being driven primarily by higher
living standards, greater urbanisation - including China’s almost inexhaustible need
for timber for both construction and manufacturing - and greater use of what is
increasingly seen as a more sustainable building material.

These trends are being compounded at a time when a number of other global
developments are coalescing. In particular, security of supply of natural resources is
under ever greater threat from geo-political upheavals, as witnessed by the Russian-
Ukrainian crisis and soaring energy prices. While the UK may not be directly affected
by Vladimir Putin’s incursion into Ukraine - overall Russian timber imports into the UK
are relatively small at only 1.25%][5] - Russia remains the world's largest supplier of
timber globally. With potentially longer-term economic sanctions placed against
Russian exports, there will inevitably be significant disruption to supply chains, price
hikes and pressure on countries typically supplied by Russia, Ukraine and Belarus, to
seek building material imports from other sources - including those Scandinavian
countries that the UK relies upon so heavily.
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- Chemicals Regulations
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Monopolistic supply

Global (non —fuel) mineral production, tons, 2011
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- Resource nationalism thinkstep
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Technologies

Materials

Supply Risk

(sorted largest to smallest)
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Regional Supply risks thinkstep
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Environmental Performance Index, Yale World Bank, Political Stability/No Violence




And we’re incredibly wasteful... thinkstep
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- US $4.5 Trillion Global Opportunity

RENEWABLES @ “ FINITE MATERIALS

o

PARTS MANUFACTURER

Voo

PRODUCT MANUFACTURER

L

SERVICE PROVIDER

| REMANUFACTURE
‘ REUSE/REDISTRIBUTE

MAINTAIN/PROLONG

RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

MING/COLLECTION'

BIOCHEMICAL
FEEDSTOCK

REGENERATION RECYCLE

BIOGAS
CASCADES

ANAEROBIC
DIGESTION

COLLECTION COLLECTION

EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK?

v v

MINIMISE SYSTEMATIC ELLEN MACARTHUR
LEAKAGE AND NEGATIVE .
EXTERNALITIES @ FOUNDATION
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Decouple growth from
consumption

« Design out waste & pollution

« Keep products & materials in
use

* Regenerate natural systems

Renewable Energy

* Burning fossil fuel is not
circular

Less Bad 2 More Good

13



Hierarchy alignhs with value retention & creation

Circular

Avoid | Durability

Reuse | Composting
Remanufacturing

Recycling

Energy recovery
(specific restrictions apply)

Landfill

(methane capture)

CIRCULAR ECONOMY

Incineration
Landfill
(no methane capture)

Uncollected
(lost to environment)

LINEAR ECONOMY

IChemE - Jim Goddin, thinkstep-anz
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Economy

(also, Environment & Equity)
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- Where is value created in your products? thinkstep

anz

Relative
Source of Value Value
Avoid | Durabi[ity > Installed Value $$$$9$
Reuse | Composting > All Manufactured Value $$$$
Remanufacturing > Most of Manufactured Value $$$
Recycling > Value of Materials ¢¢
Energy recovery - Value of Energy ¢

(specific restrictions apply)

« Cost of disposal -$$$

IChemE - Jim Goddin, thinkstep-anz 15



A systems approach
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Circular
Economy

Systems thinking
at the heart
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Provides a framework to optimize
conflicting requirements
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Rethink the systems we make in

terms of the services they provide
(Volume =2 Value)
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A systems approach thinkstep
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Resource Decoupling Climate change

Waste Avoidance Toxicity
Durability En Water Quality
Utilisation l/’fo,,% Landfill & Litter
)
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Brand Damage

Upselling Services /

Minimising costs
Retaining Value
Competitive Advantage

Trade Barriers
Critical/Conflict Minerals
Extended Producer Responsibility

Securing Investment Regulation (REACH/RoHS)
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— The need for Circularity Metrics
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What do we mean by ‘Circularity’?
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‘Circular Economy System’

« What we’re trying to deliver

« Benefits of Circularity:
 Economic (Direct/Risk)
 Environmental
* Social

‘Circularity’

« The flow of materials

« How we deliver the benefits

« How much we’ve decoupled
growth from consumption &
waste



Why do we need Circularity metrics?

thinkstep

anz

Comparability

Circularity has multiple ‘levers’ —

—

Design out materials
Regenerative bio-materials
Durability

Shared Use (Utilisation)
Reuse

Remanufacturing
Refurbishment

Recycling

Composting

Energy Recovery (limitations)



Reasons to measure Circularity

Can’t improve what you don’t measure

(Design, Benchmark, Evaluate, Market)

Optimizing the benefits from Circularity

(Economic, Environmental, Social)



Expand the boundaries

Energy depletion
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Circular systems may have
larger initial impacts:

e More durable materials
 Modular designs

 More equitably
sourced...

Need to consider longer
term benefits & breakeven
point.



Continuous improvement

1.0

thinkstep

anz

Designed Product/System

R
-
- " l'
-~ /
- 7
- < ,’
S - P
- P ;
© 2 3
a2 ol y
= e
> ! 0 - /7
= R S g ’
3 Nt @
8 C\((' -~ " ,/
M (\eé 2 pr .
o \\) - ’ ’
8 A o 4
) - <(? /’
Y - \)\a‘ ¥ 4
S = o)\ [ 2
2 - = \)3\ /”
pct -
- = - . )
2 e Corrective Intervention
- = ’———”
e e
- o ; y
> ----"-"""" Measured Circularity
o1 '@ —>
Time
Linear Product/System

Material Circularity Indicators, Ellen MacArthur Foundation, 2019



Supply or Demand oriented? thinkstep
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Circular
m Business Reduce Demand
Model
* Recycling « Avoidance
* Regenerative Sourcing * Durability
« Shared Use
* Reuse

« Remanufacturing



Supply or Demand Led Interventions thinkstep

anz

Supply Led Demand Led
(Maintain flows) (Reduce flows)
’----
Durability
Reuse
Make Recycle Make  Remanufacturing Recycle
0% - 15% recycled content 12 2 13 months Use

Each give 7.5% circularity
(Together 15%)



- Systems approach, a combination of metrics

IChemE - Jim Goddin, thinkstep-anz
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Metrics at different scales

Complementary Metrics

o TTTTTTTTToommoommoomoomosmeeoeo i N S Sttt —

thinkstep
« GaBi

Product Sustainability

i

Active
!

carboN ZeroT|é

cradletocradle

Business Unit

Business

IChemE - Jim Goddin, thinkstep-anz ISO 59020 — Due out soon

thinkstep
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Circularity Metrics

—CGRIi
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— Material Clrcularlty ﬁﬁdlcatﬁ \

Leading Circularity Metrics //
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Material Circularity Indicator (MCI)

CIRCULARITY INDICATORS

Timeline: Ars Aberoncir s Meseing Cirenlarhy
2013 — Started Development
2015 - First published
2019 - Updated (bio-materials)

METHODOLOGY

Participants:
Businesses
Investors
Universities
Government bodies
Regulators
NGO’s

(L1 GRANTA




Three components thinkstep

Material Inflows Product Use Material Outflows
Lifetime
Mass Utility % Recovered from Use
:’/o from Reuse Lightweighting Z/o Reused
% from Reman.ufactu re Vs Reference product % Remanufac:tu.re.d
% from Recycling % Recycled (efficiency)
% Biological Content % Composted
% Regenerative % Energy Recovery
% Virgin (balance) % Landfill (balance)
Avoidance




Material Circularity Indicator (MCI) thinkstep

K/ \
l |
MCI =041 MCI =1.0
Linear Circular

Single Metric




MCI for recycling
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Recycled Content (%)
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Recycling Rate (%)
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Caution:

This diagram is simplistic

Only illustrates recycling

Regenerative content (100%)
Composting (100%)

Reuse (100%)
Remanufacturing (95%)
Reuse/Durability (Linear/n)
Recycling (Varies)

Energy Recovery (45%)*



Material Circularity Indicator (MCI) thinkstep

Example: Indicator X Indicator Y etc... i
Product risk: XX Y'Y -
2 ,.
] \ |
Materials breakdown: T A, /  Material [
Material A XX YY ® & @ ®
b ":" .
Material B XX YY S O
o = > @
Material C XX YY =0
etc... >

Indicator Xor Y

Identify Hotspots & Priorities



Where to find it thinkstep

anz

Al of the main LCA packages

* Gabi

 Simapro

* OpenLCA

Being published alongside EPD’s, ISC credits...

Free calculator also on our website:

https://www.thinkstep-anz.com/services/product/material-
circularity-indicator-mci-calculator/



. |
— Circular Transition Insdicat& :

Leading Circularity Metrics y
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The challenge thinkstep

anz

Numerous metrics common framework
Lack of consistency to measure circular
performance

In alighment with:

CIRAIG C SIRCLE

ELLEN MACARTHUR
FOUNDATION

‘\.Qf"} Wb CSd SUPPORTING STANDARDS:
Created s

GREENHOUSE
GAS PROTOCOL

GhG Protocol is

\§ ~
-
A
- Platform fi lerating
the Circul omy

GRI 301, ISO 14021 & ISO 20400



WBCSD and Circular 1Q thinkstep
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Goal
Setting

CTI Framework

Hwbcsd

Standards & Measurement approaches

38



Linear inflow
non-renewable
virgin resource

thinkstep

anz

CIRC
ULAR
X
& gwbcsd
COMPANY BOUNDARY o
N
. @
>
A Linear outflow Landfill
‘_'_'“\ non-recoverable incineration
A products and waste streams
Yo %a %
circular recovery actual
inflow potential recovery
I |
|
] %o .
circular Separate Indicator
outflow . . ..
| Circular Material Productivity
Captures Reduction Strategies
%o material

circularity



CTI Indicators

Optimize the
loop

Close the loop

% material circularity % critical material*
% water circularity % recovery type
% renewable energy Actual lifetime

* OPTIONAL

Value the loop

Circular material
productivity

CTI revenue

OPTIONAL

thinkstep

Impact of the

loop

GHG impact



Example of “Close the loop” as an indicator

18.77%

Close the loop I % circularity

Circular inflow Inflow
e o
28830.00 Kg
Linearinflow — @
86%

181170.00 Kg

How circular is the
sourcing of the
resources,
materials, products
and parts?

— Recovery potential

Breakdown of mass
95% 25%@——

202500.00Kg

—Q 75%

thinkstep

anz

— Actual Recovery

Circular outflow

Outflow

24%

50580.00Kg

Lost Potential

76% —  linearoutflow

N%
151920,00Kg
S
5%
10500.0‘(’)Kg - o
Design © l Return © E

How does the company
design products to
maximize recovery

potential?

162420.00Kg

How much of the
outflow does the

company actually
recover?

41



Where to find it thinkstep

anz

CTI Tool available from:

https://ctitool.com

List of Implementation Partners here:

https://www.wbcsd.org/Programs/Circular-Economy/Implementation-
partners-profiles

Trained to help you implement CTI

(Or you can speak to me afterwards!)
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— CE in Chemistry

What do we need to be thinking about?
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Material Inflows Product Use Material Outflows
Lifetime
Mass Utility % Recovered from Use
:/o from Reuse Lightweighting :/o Reused
% from Reman_ufacture Vs Reference product Y% Remanufactt{re_d
% from Recycling % Recycled (efficiency)
% Biological Content % Composted
% Regenerative % Energy Recovery
% Virgin (balance) % Landfill (balance)
Avoidance

Reduction Avoidance

« Waste as feedstock (Industrial Symbiosis) * Less but higher performance
 Chemical Recycling » Service life extension

* Re-refining « Filtration
 Regenerative Bio-based » Catalysts

» Service-based models(e.g. leasing)
 Low water processes



— Example: Corrosion Inhibitors

Circularity:
 Service life extension

Potential Pitfalls:
« Mass of inhibitor vs concrete

Other indicators:
« Economics
* Toxicity
* Carbon footprint

IChemE - Jim Goddin, thinkstep-anz

Photo: Uve Sanchez, Unsplash



— Example: Timber preservatives

Circularity:
« Service life extension
* Regenerative sourcing
« Composting

Potential Pitfalls:
* Toxicity

Other indicators:
« Economics
* Toxicity
* Carbon footprint

IChemE - Jim Goddin, thinkstep-anz




Example: Microdosing Fertilisers

Circularity:
* Lightweighting
« Composting

Potential Pitfalls:
« Cost (time/labour)
- Energy/CO,

Other indicators:
« Economics
* Toxicity
* Carbon footprint
* Supply risks

IChemE - Jim Goddin, thinkstep-anz

Photo: Jason Blackeye, Unsplash
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— Example: Coolant Filtration

Circularity:
 Service life extension
* Product-as-a-Service

Potential Pitfalls:
* Quality
* Guarantees
* Sales of Consumables

Other indicators:
« Economics
* Carbon Footprint
* Toxicity

IChemE - Jim Goddin, thinkstep-anz 2

Photo: Jejfer Maniago, Unsplash



— Example: Bacterial Seperation of Metals

Circularity:
« Lightweighting
* Regenerative production
« Composting

Potential Pitfalls:
- Efficiency
*  Toxicity
« Biodiversity

Other indicators:
« Economics
* Carbon Footprint
*  Toxicity

IChemE - Jim Goddin, thinkstep-anz




— Example: Paint Recovery

Circularity:
* Recycling

Potential Pitfalls:
« Economics
* Quality
* Reverse Logistics

Other indicators:
« Economics
* Carbon Footprint
* Toxicity

IChemE - Jim Goddin, thinkstep-anz




Example: Self-healing Coatings

Circularity:
* Service life extension
* Lightweighting
* Product-as-a-Service

Potential Pitfalls:
* Economics
*  Quality
*  Toxicity

Other indicators:
« Economics
* Carbon Footprint
*  Toxicity

IChemE - Jim Goddin, thinkstep-anz




Example: Simplification

Circularity:
« Recycling
* Recycling Efficiency
« Stewardship Scheme

Potential Pitfalls:
* Aesthetics
* Performance
e Cost
* Behaviour change
* Reverse logistics

Other indicators:
e Economics
* Carbon Footprint

IChemE - Jim Goddin, thinkstep-anz




Example: Digital Product Passports

Circularity:

Enabler for downstream circularity
Reuse

Remanufacturing

Recycling

Potential Pitfalls:

Transparency
Cost
Logistics & Standards

Other indicators:

Economics
Various — application specific

IChemE - Jim Goddin, thinkstep-anz




— Example: Pre-emptive Compliance

Circularity:

Enabler for downstream circularity
Reuse

Remanufacturing

Recycling

Potential Pitfalls:

Transparency
Cost
Logistics & Standards

Other indicators:

Economics
Various — application specific

IChemE - Jim Goddin, thinkstep-anz
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Words of Caution thinkstep

anz

1. Circular Economy is systemic
Circularity of your own systems
Enabler for circularity in other systems

2. Circularity is only one axis.
Intent is to deliver benefits (Economic, Environmental, Social)
Poorly designed systems can do the opposite
Beware of unintended consequences (“And then what?”)

3. The transition is a journey.
Identify the easy wins and get started
Continuous improvement mindset (includes data)
Collaborate

4. Transparency & Traceability
Tell the story of your journey, where you started, where you’re going and why.
Be prepared to back it up — Show you know or that you’re finding out.



thinkstep

anz

— Questions?

jim.goddin@thinkstep-anz.com

IChemE - Jim Goddin, thinkstep-anz 56
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Jim Goddin

Head of Circular Economy, thinkstep-anz

jim.goddin@thinkstep-anz.com

Wellington | Auckland | Christchurch | Hamilton | Rotorua | Taupo
Sydney | Melbourne | Perth | Canberra | Adelaide | Brisbane

Cert|f|ed

CLIMATE
‘ LEADERS SASED
COALITION TARGETS

DRIVING AMBITIOUS CORPORATE CLIMATE ACTION

Corporatlon
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Succeed sustainably

thinkstep-anz.com

Wellington | Auckland | Christchurch | Hamilton | Rotorua | Taupo
Sydney | Melbourne | Perth | Canberra | Adelaide | Brisbane

Cert|f|ed

CLIMATE
‘ LEADERS EE'SEET\'DCE :
COALITION e thinkstep-anz u m

ssssssssssssssssss DRIVING AMBITIOUS CORPORATE CLIMATE ACTION
Corporatlon
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— Applicability and Limitations . ) thinkstep

anz

Restrictions and Intended Purpose

This presentation has been prepared by thinkstep-anz with all reasonable
skill and diligence within the agreed scope, time and budget available for
the work. thinkstep-anz does not accept responsibility of any kind to any
third parties who make use of its contents. Any such party relies on the
report at its own risk. Interpretations, analyses, or statements of any kind
made by a third party and based on this report are beyond thinkstep-anz’s
responsibility.

Legal interpretation

Opinions and judgements expressed herein are based on our understanding
and interpretation of current regulatory standards and should not be
construed as legal opinions. Where opinions or judgements are to be relied
on, they should be independently verified with appropriate legal advice.

change footer title via Header & Footer (located in Insert tab) 59
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