Increasingly powered by
renewable energy /
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@ : Mining/materials manufacturing

Parts manufacturer

Biochemical L ‘
feedstock Product manufacturer
Restoration S =FelTal ‘ i

Biological cycles Technical cycles

Service provider

00’

Anaerobic
digestion/ Collection Collection
composting l l
Extraction of
biochemical s Energy recovery .
feedstock? . ‘ ‘ :
A a A Leakage to be minimised
Landfill
1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input
SOURCE: Ellen MacArthur Foundation - @ ELLEN MACARTHUR FOUNDATION
‘Adapted from the Cradie to Cradle Design Protocol by Braungart & McDonough
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* Take, Make & Dispose

* Anyone see problems with this?

raw materials

Limited resources

Increasing costs of resources
and energy

Increasing consumer population

Increase in middle class
consumers from the developing
countries.




World population growth
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Population growth continues at the global level, but the rate of increase is slowing,
and the world’s population could cease to grow around the end of the century
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Insured catastrophe losses Hurricane Harvey Global insured losses from wildfires
$bn, 2018 prices Japanese tsunami $bn, 2018 prices
Hurricane Katrina 150
M Earthquake/tsunami
M Man-made disasters 2w
M Weather-related catastrophes
1970 75 80 85 90 95200005 10 1518 1980-89 1990-99 2000-09 2010-18
Insured and uninsured catastrophe losses Global non-life and reinsurance capital
$bn, 2018 prices $bn
Losses: M Insured ™ Uninsured 2,500
10-year moving average: == Insured === Economic*
500 Alternative capital 2,000
@ 1,500
300 Traditional
reinsurance 1,000
200
500
IHNI Hll 100
I!!IIIIIII””"”“”I 0
1970 75 80 85 90 952000 05 10 1518 2005 10 15 18
Source: Swiss Re *Insured and uninsured losses
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Annual total CO2 emissions, by world region ) Universit o Waies
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35 billion t Statistical
differences
30 billion t Asia and Pacific
(other)
25 billion t China
20 billion t
o Africa
15 billion t Middle East
Americas (other)
10 billion t
United States
5 billion t Europe (other)
ot
1751 1800 1850 1900 1950 2017

Source: Carbon Dioxide Information Analysis Center (CDIAC); Global Carbon Project (GCP)
Note: The difference between the global estimate and the sum of national totals is labeled “Statistical differences”.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY
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Impact of Global Warming of 1.5°C R veror s

Trinity Saint David

Global Warming of 1.5 °C

An IPCC special report on the impacts of global warming
of 1.5 °C above pre-industrial levels and related global

greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of
climate change, sustainable development, and efforts
to eradicate poverty.
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5°C

4°C

2°C
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What is a Circular Economy? § " Universityof Wales

Trinity Saint David

Currently, most economies are Linear;
e Make > Use > Dispose approach.

The idea of a Circular economy is to;

e Keep resources in use as long as possible and extract the maximum
value from them whilst in use.

e Recover and regenerate products and materials at the end of each
service life so that waste is designed out.

¢ Biological materials are non-toxic and can easily be returned to the soil
by composting or anaerobic digestion.

e Technical materials: polymers, alloys, and other man-made materials
are designed to be recovered, refreshed and upgraded, minimising the
energy input required and maximising the retention of value (in terms
of both economics and resources).

14
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From a Linear to a Circular economy " Universityof Wales

Trinity Saint David

LINEAR ECONOMY ECONOMY WITH FEEDBACK LOOPS CIRCULAR ECONOMY

raw materials

* Take, Make & Dispose
* Can we renew or refurbish and introduce as a new product in the supply chain?
* Keep resources in use if possible and extract the maximum value from them whilst in use.

* Trying to reduce waste and avoid pollution and do this by design, from the very beginning.
* Recover and regenerate products and materials at the end of each service life.

15
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The concept of the Circular economy § Universityof Wales

Trinity Saint David
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Why is Additive Manufacturing important to enabling a Circular Economy?

e Waste Reduction

e Localisation

e Repair and Reuse loop
* Bio-based materials

e Technical Cycle

¢ Additive manufacturing could still be said to be in its infancy, despite
some already-notable successes.

¢ The many advantages of the technology make it very likely the role of
additive manufacturing will only increase as further advancements are
made and entry costs continue to fall.

18
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Mobile phone global sales from 2009 to 2023 (in billions) W

0.5

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019* 2020* 2021* 2022* 2023

© Statista 2020

O Additional Information Show source @
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Average # months before users change their handsets
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) 3

20.5

18.6

2013

18.3

Bus. @chin® B EU
' 218

20.9

* Urban China

@ ® @ *% EUS: Great Britain, France, Germany, Italy, Spain

@statistaCharts  Source: Kantar Worldpanel

11915

21.6

2016

statista %
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Elements of a Smart Phone

Prifysgol Cymru

N ¥ Drindod Dewi Sant
9 University of Wales
Trinity Saint David

ELEMENTS COLOUR KEY: @ ALKALIMETAL @ ALKALINE FARTH MFTAL

SCREENO

49

In

Indium

Oxygen

Si

silicon

0

K

Oxygen | Potassium

Tb

Terbium

6

D

Indium tin oxide is a mixture of
indium oxide and tin oxide, used
in a transparent film in the screen
that conducts electricity. This allows
the screen to function as a touch
screen.

The glass used on the majority of
smartphones is an aluminosilicate
glass, composed ofa mix of alumina
(Al,0,) and silica (Si0,). This glass
also contains potassium ions, which
help to strengthen it.

A variety of Rare Earth Element
compounds are used in small
quantities to produce the colours
in the smartphone's screen. Some
compounds are also used to reduce
UV light penetration into the phone.

@ GROUP13 @ GROUP14 @ GROUP15 @ GROUP16 @ HALOGFN @ |ANTHANIDE

OELECTRONICS

Copper is used for wiring in the
phone, whilst copper, gold and silver
are the major metals from which
microelectrical components  are
fashioned. Tantalum is the major
component of micro-capacitors.

Nickel is used in the microphone as well
as for other electrical connections. Alloys
indluding the elements praseodymium,
gadolinium and neodymium are used
in the magnets in the speaker and
microphone. Neodymium, terbium and
dysprosium are used in the vibration unit.

Pure silicon is used to manufacture
the chip in the phone. It is oxidised
to produce non-conducting regions,
then other elements are added in
order to allow the chip to conduct
electricity.

Tin & lead are used to solder
electronics in the phone. Newer lead-
free solders use a mix of tin, copper
andsilver.

3
aE
O | Sb

BATTERY O

Magnesium compounds are alloyed to make
some phone cases, whilst many are made
of plastics. Plastics will also include flame
retardant compounds, some of which contain
bromine, whilst nickel can be included to
reduce electromagnetic interference.

3
Li The majority of phones use lithium ion batteries,
D 8 which are composed of lithium cobalt oxide as a
positive electrode and graphite (carbon) as the

Oxygen negative electrode. Some batteries use other
metals, such as manganese, in place of cobalt.

Carbon The battery's casing is made of aluminium.

Bromine

© COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem
Shared under & Creative Commons Atlribution-NonCommercial-NoDerivatives licence.

COEO]
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What can we recycle from a Mobile Phone? N ety waes
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ﬁ

10%
Other metals

10%

Silicon plastics

8%

Other plastics
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What would this mean? (For the 174 million phones shipped in 2013) & University of Wales

Trinity Saint David

Cobalt Gold Palladium Silver Copper

700 tonnes 4.2 tonnes 0.5 tonnes 17 tonnes 1,740 tonnes

Liam, Apple's super-secret, 29-armed robot that tears down iPhones
{3 Capacity to tear-down 2.4 million iPhones per year (www.digitaltrends.com, 2016)
Renew 215.3 million iPhones sold in the same year.
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‘ E-INASTE BY THE NUMBERS: HOI MUCH RRE WE GETTING RID OF? 2

In the US. in 2010 In the US A in 2010, 152,000,000 mobd#le phones
more than 130 were disposed of

million moblle
phones are

trashed a year, D D
wwmeaniowrs [ [ ] racnee | 135 M.

day we trashed or
s or har recycled over RECYCLED . 1T™

mobiie 17,000 tons of
phone every e-waste

- Giving us a recycling rate
"% of 11%, one of the worst
recycling rates for 2010.

D =10 Miltion

WHAT HAVE PEOPLE DONE WITH THEIR OLD MOBILE PHONES?

-

® 9
-~ (S
E & B

Kept it as a we to a friend Other Recycled Sold/Traded for Lost/stolen
spare or family a new phone Broken
em
26
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121m
2010

3
d

What Smartphones have done to the Camera industry

150m
120m
90m
60m

30m
19m
2018
0
1951 1960 1970 1980 1990 2000 2010 2018

* CIPA (Camera & Imaging Products Association) is an international industry group consisting of members
engaged in the development, production or sale of imaging related devices.
Members include Olympus, Casio, Canon, Fujifilm, Sony and Nikon among others.

SAOAS) statista %

@statistaCharts  Source: CIPA
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Laundry as a service?

www.bundles.nl
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Washing machine /& Tumble dryer

The best products as a service

" /,\. The best for everyone

ElalO

28
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Laundry as a service?

www.bundles.nl
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*

In 2013, Marcel Peters found out that laundry
creates a lot of waste. He claimed that the use of
sustainable appliances can be cheaper than the
ownership of low-quality disposable appliances
(throw-away appliances) if we start using it in a
smarter way. This would increase the fun and
reduce the waste.

He became inspired by visionary thinkers, such as
Walter Stahel (Performance Economy) and Ellen
MacArthur (Circular Economy), quitted his job as an
innovation manager for a large Energy Utility, and
founded Bundles in 2014

Bundles take responsibility for maintenance in
order to increase the lifetime of the appliances.
Moreover, they take care of upcycling and repairs of
broken appliances aiming to capture the value of
the applied materials.

@ Bundles

29
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Impacts of Fast Fashion N niversity of Wales
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Impact of Fast Fashion N University of Wales

Trinity Saint David

2 tonnes of clothing bought ¢
each minute in the UK

This produces 50 tonnes
of carbon emissions, equaliviant to
driving 162,000 miles in a car.

2014 saw the fashion industry
produce 100 billion garments.

14 items per person and 30%
will never be sold.

31
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Global material flows for
clothing in 2015

2%
recyclad <1% recycling?
teadstock from

closed-loop
other industries

racycling’

>97% million tonnes
virgin feedstock ANNUAL FIBRE
PLASTIC (63%) PRODUCTION FOR
COTTON (26%) CLOTHING

OTHER (11%)

1 Recycling of clothing Into the same or similar quality applications

2 Recycling of clothing Into other, lower-value applications such as Insulation
material, wiping cloths, or mattress stuffing

3 Includes factory offcuts and overstock liquidation

4 Plastic microfibres shed through the washing of all les released Into the ocean
Source: Circular Fibres Initiative analysis - for detalls Appendix B of the full report

1 uring
collection and procassing

73%

landfilled or

losses in microfibre le
production®

tiny.cc/fibres

Clothing sales and decline in clothing utilisation
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WORLD GDP

CLOTHING SALES

200
190
180
170
160
150
140
130
120

mno

NUMBER OF TIMES AN
CLOTHING UTILISATION

TEMISW N

>100bn
units
(2015)

2

100
2000 2005

Average number of times a garment Is worn before It ceases to be used
Source: Euromonitor international Apparel & Footwaar 2016 Edition (volume sales
trends 2005-2015); World Bank, world development Indicators - GD (2017)

2010 2015

tiny.cc/fibres
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H&M Recycling initiative
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2018
3,000t

2020
25,000t target

H&M sells donated
clothes to l:Collect,
which recycles or
resells them

Da-lhuonelngd
used clothes earns the
equivalent of a

$7.80

m discount at H&M

stores in Sweden

To use the recycling
credit, shoppers must
make a new purchase

of at least $46.80,
for a discount of

That's not too painful ..
'for the company, which

 routinely postsagross

. profit margin of about

60%.

34

34

The True Cost
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NETFLIX
 THE TRUE COST_

WORLDWIDE MAY 29

TrueCostMovie.com

35
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www.ellenmacarthurfoundation.org
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ELLEN MACARTHUR FOUNDATION
THE CIRCULAR ECONOMY

TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR

8% CASCADED
RECYCLING*

4% PROCESS
LOSSES

2% CLOSED-LOOP
RECYCLING'

WORLD ECONOMIC FORUM, ELLEN MACARTHUR FOUNDATION, MCKINSEY & COMPANY,
A NEW PLASTICS ECONOMY: RETHINKING THE FUTURE OF PLASTICS (2016)
ELLENMACARTHURFOUNDATION.ORG/PUBLICATIONS

MACARTHUR
FOUNDATION
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Laser Printer Cartridge Recyling § Uriversiy of Wales
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British Standard 8001:2017 R veror s

Trinity Saint David

BS 8001:2017

L=

BSI Standards Publication

Framework for implementing the
principles of the circular economy in
organizations - Guide

39
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Critical appraisal of BS 8001:2017 N ety waes
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Full length article

Critical appraisal of the circular economy standard BS 8001:2017 and a @mdw
dashboard of quantitative system indicators for its implementation in

organizations

Stefan Pauliuk

Industrial Ecology Group, Faculty of Environment and Natural Resources, University of Freiburg, Tennenbacher Strasse 4, D-79106 Freiburg, Germany

ARTICLE INFO ABSTRACT
Keywords: So far, i had no itative guidance on circular economy (CE) principles, strategies, im-
Circular economy )l ion, and itoring. Cs , the British Standards Institution recently launched a new
Circularity indicator standard “BS 8001:2017 — for the pri of the circular economy in organizations”.
BS 8001 BS 8001:2017 tries to ile the & hing of the CE with established business routines. The
3R N . standard contains a comprehensive list of CE terms and definitions, a set of general CE principles, a flexible
Material flow analysis ! N !
Life cycle assessment for CE in and a detailed description of eco-
nomic, environmental, design, marketing, and legal issues related to the CE.
The guid: on ing CE strategy impl however, remains vague. The standard stipulates

that are solely ible for choosing iate CE Its authors do not elaborate on
the links between CE strategy monitoring and the relevant and already standardized quantitative tools life cycle
assessment (LCA) and material flow cost accounting (MFCA).

Here a general system definition for deriving CE indicators is proposed. Based on the system definition and the
indicator literature a of new and i i i for CE strategy assessment in organi-
zations is then compiled. The dashboard indicators are mostly based on material flow analysis (MFA), MFCA, and LCA.
Steel cycle data are used to illustrate potential core CE indicators, notably, the residence time of a material in the
techno-sphere (currently 250-300 years for steel). Moreover, organizations need to monitor their contribution to in-
use-stock growth, a central driver of resource depletion and hindrance to closing material cycles.

40
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Critical appraisal of BS 8001:2017 N ety waes
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Natural environment |Households, customers, etc I

(Obsolete
stocks,
slag piles,
landfills)

Transformation and storage D;Zi':g:m)n Ruf| Material flows - System

process with name, number, P ith with symbol : i bounda

stock, and stock change :lljmber and direction bicaiciciad ry
e Flows to and from other product systems and material cycles (grey background in centre),

energy supply, emissions, and environmental flows (indicated)
Processes in other product systems
41
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Beer kegs

42
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Kegspertise

Managing reusable kegs poses a challenge for
brewers. The metal containers are typically
valued at around £100, with over 100,000 in
the supply chain.

Breweries can receive useful cycle data
regarding kegs that were shipped out and
returned empty.

It can then provide information to Carlsberg
UK, such as when order volume increases,
which seasons may put extra demands on
production lines, and thus what ordering
behaviour the brewer can expect in the future.
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Economic benefits

The implementation of a circular economy
vision could foster the emergence of:

increases through reduced congestion,
eliminated waste, and reduced costs. New
growth and business opportunities support
skills development and jobs

Liveable cities with improved air quality,
reduced pollution, and enhanced social
interactions

Resilient cities, reducing reliance on raw
materials by keeping products in use and
balancing local production with global supply
chains

45
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N\

10-15% of building 60% of European 20-40% of energy  54% of demolition

material wasted offices are not in existing buildings materials landfilled,

during construction used even in can be profitably while some countries
working hours conserved only landfill 6%

0-0.5% productivity B0% of residential  Passive building Most materials

increase peryear  dewllers report standards at or near  unsuitable for

in most European  living in too much  profitability for most  reuse as they

countries 1990- space new-build segments, contain toxic

2015, whereas 2% but still only consitute elements

per year achieved minority of buildings

in some countries
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Miro Visual Collaboration
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https://miro.com/welcome/ujokYmlwneWVkav0Z40dZ2 rZ2ufrn

EawveQa

MMy, z2Z5TKnOir3xJSWEL CbWK
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The world is now only 8.6% circular
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The global economy is
consuming 100 billion tonnes
of materials a year for the first
time ever, but the cycling rate
of resources has gone into
reverse.

Circularity Gap Reporting
Initiative highlights the urgent
need to transition to a circular
economy.

www.circularity-gap.world

THE 7

CIRCULARITY
GAP RreporT

2019

Closing the Circularity Gap
in a 9% World

G LBeF
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Increasingly powered by
renewable energy /
L —

Parts manufacturer

Biochemical ‘ ‘
feedstock Product manufacturer

Voo

Service provider

remahufacture

Maintel

ing/collection’

Biological cycles Technical cycles

Restoration

Cascades ance

Anaerobic
digestion/ Collection Collection
composting l l
Extraction of
biochemical $ Energy recovery B
feedstock® H ‘ ‘ :
RN G A Leakage to be minimised
Landfill
1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input
SOURCE: Ellen MacArthur Foundation - @ ELLEN MACARTHUR FOUNDATION
Adapted from the Cradle to Cradle Design Protocol by Braungart & McDonough
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Leave no trace, Go Circular; Recommend you look at... " University of Wales

Trinity Saint David

Films
e Closing the Loop
e The True Cost

YouTube

« |PCC SR15 Press Conference Live
Oct 8th 2018

Other resources
e www.circulardesignguide.com

e www.circularity-gap.world

50
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https://www.youtube.com/watch%3Ftime_continue=2&v=12S3dKrxj7c&feature=emb_logo

Further reading... @Lﬁéiiiinyﬁ;.es

.................

accenture

© 1~ Circular Advantage

oReinventing | (e

Technologies to Create Value in

Yo u r a World without Limits to Growth
|

" Business

D

51
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Leave no trace, Go Circular N Univerityof Wles
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Current activity is the tip of the iceberg
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Reuse

Remanufacture
Reimagine
Rethink
Reclaim
Respect
Redesign
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