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Global Waste Composition:
44 % wet food and green

38 % dry metal, paper, cardboard, plastic
18 % mixed a

Sources: Kaza et. al (2018, p. 29).
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Waste culture and concepts are different
in the Global North and the Global South:

Global South:

Global South Global North

Waste grows as income per
capita does.

Global North:

Goal: Decoupling waste
generation
from consumption.
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Key Questions Global South

Where is value from waste, what and how can be
collected or recycled?
How significant are formal numbers?
How to measure informal numbers?
How to |nst|tutlonallze waste management7

Photo by Mumtahina Tanni from Pexels.

Key Questions Global North

How can specific materials be recycled?

How can ownership for material streams be captured?
Do we need an Intergovernmental Panel for Material
Flows (according to IPCC) to fill data gaps?

How can we synchronize waste and chemical
legislation?

How can substances of concern be identified and

eliminated?

Photo by Vogt-Plastic GmbH, Germany.
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Majority of waste still
.n Open dump Or in Open dump MLandfill ®Composting BRecycling ™ Incineration
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In the industrialized waste sectors incineration | . gg '
makes up for 12-27%. 0 .
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op o . . . ]ﬂ
In mega cities of Global South incineration has 0
grown up to 26% within 5 years andis Nurﬂ't South Asia Middle East Europe a.nd Sub-SalharELn Latin mlnerica East f'is_:iu and
0L . America and North  Central Asia Africa  and Caribbean  Pacific
substituting landfill. Africa
Fegion

Figure Global, regional waste disposal by method in 2016 (Sabour et. al (2020, p. 2).

Sources: Sabour et. al (2020, p. 2] - Lu et. al (2017, p. 176).
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We are looking on 1.5 % of global material flow:

100 bill. metric tons are planetary extractions
(p.a)

* 10 bill. tons of all materials are circular (p.a.)

* 15 bill. tons of these materials are the TOP 10
circular materials examined in this market study

Circular Material:

® Water (drinking and grey water)
i Biomass (agricultural production & wood usage)
= TOP10

Other (200 other materials)

Photo by Sebastian Pichler from Unsplash.

Sources: Hatfield-Dodds et. al (2017, p. 8) - de Wit et. al (2018, p. 6).
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Status of the circular economy will be highlighted as rating
card in the end of every material chapter:

The rating card is based upon the following criteria (details can be found in the separate methodology document):

m Market readiness Desngn for CE Technology Cognition for CE

Region  + Value Chain (transparent - Business support schemes + Technology  Awareness,
trust and trace) * Public procurement & available Information,
* Business case according to infrastructure * Visibility as sector Education
RESOLVE principle  Regulatory Framework technology « Collaboration
» Marketplace (stock market) ~ « Fiscal frameworks  Technology platforms
* Stock management affordable
* Material definition, material « Technology in use
passport
* Value of material
Rating according to expert interview:
Best (green) = 3 points of each category fulfilled.
Good (yellow) = 2 points of each category fulfilled.

Red (fair) =1 point of each category fulfilled.
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Overview of TOP 10 circular materials:
Material | Recyclingin million tons (Mt) | Production in Mt | Recycling Rate in % of global average | Residual error |

Steel 600 Mt 1,730 Mt 35% 20%
Asphalt 530 Mt 936 Mt 57% cs*
Paper 221 Mt 420 Mt S53% 5%
Plastics 50 Mt 390 Mt 13% cs*
Aluminum 29 Mt 77 Mt 38% 34%
Glass 27 Mt 130 Mt 21% 33%
Textiles 21 Mt 99 Mt 21% cs*
Rubber 7 Mt 27 Mt 26% cs*
Copper 4 Mt 24 Mt 17% 40%
Cobalt 0.015 Mt 0.117 Mt 13% 30%

Nothing in between copper and cobalt due to low data availability.

*c.s. = case studies

Case studies are selected on basis of the rating card offering valuable clues to best available evaluations. Case studies don't offer solid scientific ground. Slides will be left blank if data
availability is too low. 8
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Historic Development of Steel Recycling in the World

2000

Material is no fraction of household waste.

1,730 million tons produced (2017).
1800 600 million tons recycled (2017).
35% global recycling rate.

1600
Financial crisis - global market break
1400
1200
Since 1t industrial revolution the steel
market is well-established.
S 1000
Financial crisis - global market break
800

Global economic growth due to growing
Chinese market leads to decoupling from
recycling.

600 —

N

400

200

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Bureau of International Recycling - Ferrous Division (2010, p. 8) - Bureau of International Recycling - Ferrous Division (2011, pp. 8-9) - Bureau of International Recycling - Ferrous Division (2013, p. 8, p. 11) - Bureau of International Recycling - Ferrous Division (2017, p. 8, pp. 12-13, pp. 22-23) - Bureau of International Recycling - Ferrous Division (2019, p. 8, p. 13, p. 22) - Bureau of International Recycling -
Ferrous Division (2020, p. 8] - International Iron and Steel Institute (1978, p. 49) - International Iron and Steel Institute (20054, p. 79, p. 90, p. 96, p. 98, p. 116, p. 118) - Soderhdlm et. al (2008, p. 64) - World Steel Association (201!, p. 4, p. 8, p. 9, p. 26) - World Steel Association (2013, p. 16, p. 27) - World Steel Association (2017, pp. 15-16, p. 22) - World Steel Association (2018, p. 106, p. 108) - World Steel Association (2013, p.
22) - World Steel Association (2020a, p. 1) - World Steel Association (2020b, p. 6, p. 16, p. 22).
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Historic Development of Steel Recycling in China Historic Development of Steel Recycling in USA
2000 2000
Material is no fraction of household waste. Material is no fraction of household waste.
1800 No data available for whole Asia. 1800 No data available for whole North America.
1600 China: 1600 USA
996 million tons produced (2019). 88 million tons produced (2019).
1400 216 million tons recycled (2019). 1400 B! million tons recycled (2019).
0, H 9) H
1900 22% recycling rate. 1200 69% recycling rate.
= 1000 Political announcement Circular Economy in 2008. Recycling = 1000
800 demand increasing. No subsistence situation yet; decoupling 800
from recycling.
600 600
400 400
200 - 200
_—e
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling @ Production e Recycling
Historic Development of Steel Recycling in Europe Historic Development of Steel Recycling in South America
2000 2000
Material is no fraction of household waste. Material is no fraction of household waste.
1800 159 million tons produced (2019). 1800 Very limited findings:
1600 88 million tons recycled (2019). 1600 42 million tons produced (2019).
1400 55% recycling rate. 1400 10 million tons recycled (1977).
* Legal basis for the disposal of waste electrical and electronic equipment (WEEE] is the Directive
1200 2012/19/EU. 1200
S 1000 S 1000
800 800
€00 Financial crisis - global market break 600
Mature market. Recycling lower than in USA. Mature market
400 l 400
200 : ——— 200
0 0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

@ Production e Recycling

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Bureau of International Recycling - Ferrous Division (2010, p. 10, p. 12, p. 15) - Bureau of International Recycling - Ferrous Division (2011, p. 8, pp. 1-12, pp. 14-15) - Bureau of International Recycling - Ferrous Division (2013, p. 8, p. 13, pp. 18-19) - Bureau of International Recycling - Ferrous Division (2014, p. 14, p. 20) - Bureau of International Recycling - Ferrous Division (2017, p. 8, p. 12, p. 23, p. 26) - Bureau of
International Recycling - Ferrous Division (201, p. 8, pp. 12-13) - International Iron and Steel Institute (1978, p. 49) - International Iron and Steel Institute (2000, p. 220) - International Iron and Steel Institute (2002, p. 6, p. 16) - International Iron and Steel Institute (2003, p. 6, p. 16) - International Iron and Steel Institute (2004, p. B, p. 18) - International Iron and Steel Institute (2005a, pp. 18-12, pp. 77-79, pp. 95-99) -
International Iron and Steel Institute (2005b, p. 6, p.17) - International Iron and Steel Institute (2008, p. 6] - International Iron and Steel Institute (2007, p. 5) - Séderholm et. al (2008, pp. 64-67) - The European Steel Association (EUROFER) (2020) - The European Parliament and the Council of the European Union (2012) - The European Steel Association (EUROFER) (2020, p. 67) - World Steel Association (2008, p.13) -
World Steel Association (20104, pp. 3-5, pp. 83-90, pp. 115-118) - World Steel Association (2010, p.13) - World Steel Association (2011, pp. 5-6, p. . p. 14, p. 16, p. 26) - World Steel Association (2013, p. 16, p. 27) - World Steel Association (2017, p. 18, p. 22) - World Steel Association (2018, pp. 77-79, pp. 106-108) - World Steel Association (2019, p. 4, p.10, p. 16, p. 29) - World Steel Association (2020, p. 8, p. 10, p. 16, p. 22).
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Historic Development of Steel Recycling in Africa Historic Development of Steel Recycling in Australia
2000 2000
Material is no fraction of household waste. Material is no fraction of household waste.
1800 Very limited findings: 1800 B million tons produced (2011).
1600 17 million tons produced (2019). 1600 1 million tons recycled (2011.
9 million tons recycled (1975). 17% recycling rate.
1400 1400
1200 1200
< 1000 < 1000
800 800
600 Dumping place; high informality. Almost no recycling figures, malfunctioning markets, low 600 Beographical decoupling of recycling imports and mining infrastructure.

200 institutionalized level, no WEEE-Directive. 200

200 l 200

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

@ Production e Recycling @ Production e Recycling

Best available projections:

* Industry offers considerable potential for resource conservation and is becoming a field for strategic approaches to resource efficiency.

* Lifecycle efficiency at political level as key variable for competitiveness.

»  Weight minimization, reparability and recyclability as aspects.

 Search for systemic and cross-material solutions should be given greater attention.

 Under the European Ultra Low CO2 Steelmaking program (ULCOS), technologies for the reduction of CO2 emissions have been investigated,
including blast furnace with top-gas recycling, a new smelting reduction process, advanced direct reduction and electrolysis of iron ore.

« Economic and environmental performance of the ULCOS cutting edge technologies shows that the implementation might reduce 80% of CO2
emissions.

Sources: Abdul Quader et. al (2016, p. 537) - Bureau of International Recycling - Ferrous Division (2013, p. 8, p. 19) - Bureau of International Recycling - Ferrous Division (2017, p. 8, p. 26) - Bureau of International Recycling - Ferrous Division (2019, p. 8) - International Iron and Steel Institute (1978, p. 49) - International Iron and Steel Institute (2005, pp. 11-12, pp. 78-79, p. 96, p. 98) - Lemken et. al (2008, p. 26) - World
Steel Association (2010, pp. 4-5, pp. 83-90, p. 116, p. 118) - World Steel Association (2011, p. 5, p. 9, p. 26) - World Steel Association (2013, p. 16, p. 27) - World Steel Association (2017, p. 16, p. 22) - World Steel Association (2018, p. 78, . 106, p. 108) - World Steel Association (2019, p. 5, p. 10, pp. 21-22) - World Steel Association (2020b, p. 8, p. 10, p. 16, p. 22 - Yellishetty et. al (2014, p. 8).
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Rating carad

Maturity of market

Europe

South America

Africa

Australia

Design4CE compliance in legislation / jurisdiction

Availability of RE-Tech.

Level of knowledge and cognition for CE

13
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Steel - Main reasons for success:

Material characteristics: Little material degradation.
Used steel scrap is cheaper than virgin iron ore in the production process.
Developed trading market. Steel markets exist globally. Prices depend on global trends.

Steel has been the most important material for the first industrial revolution. Mining and production of steel making
characterize this period. = Level of knowledge and cognition for circular economy is high. The recycling of steel scrap evolved
and grew during unsteady times. During 15t and 2" World War, many countries started campaigning for the collection of steel
scrap to ensure supplies for weapon industries. Later, steel was needed to rebuilt destroyed cities and to feed the growing

industries.

14
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tons plsoduced (2013f
| jon tons recycled (2013).
579 :tglobal recycling rate. |
Main data from case stud|I
ts at

e'hlgh but quantitative assessme
lacking.” [Haas et. al (2015), p. 7731
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Historic Development of Asphalt Recycling in the World

1400
Material is no fraction of household waste.
936 million tons produced (2013).
530 million tons recycled (2013).
57% global recycling rate.
1200 .
Main data from samples.
“[..Jin situ recycling is already quite high, but quantitative assessments at the global level or for world regions are lacking.” [Haas et. al (2015), p. 7731
1000
800
s
600
400
200
0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources:Haas et. al (2015, p. 773).
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Historic Development of Asphalt Recycling in Japan Historic Development of Asphalt Recycling in USA

1400 1400
Material is no fraction of household waste. Material is no fraction of household waste.
1500 No data available for whole Asia. 1200 No data available for whole North America.
Japan: USA:
50 million tons produced (2013). 366 million tons produced (2018).
1000 39 million tons recycled (2013). 1000 183 million tons recycled (2018).
78% recycling rate. 50% recycling rate.
800 | e Consistent governance strategy. 800
g * Early implementation. g
600 | * Circular economy performance in asphalt sector 100%. 0o Federal road construction program. Federal system as inhibiting factor. Federal states have to decide
on their own to join recycling programs. Short-term lifts in recycling possible. Long-term lifts develop
slowly.
400 400
Introduction of closed-loop recycling/ circular economy. Statistics emphasize construction and ~

,0  demolition for the future. \ 200 _—_/\_—

e

0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 ’ 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling @ Production e Recycling
Historic Development of Asphalt Recycling in Europe Historic Development of Asphalt Recycling in Brazil
1400 1400
Material is no fraction of household waste. Material is no fraction of household waste.
1200 290 million tons produced (2017). 1200 No data available for whole South America.
223 million tons recycled (2017). Brazil:
1000 77% recycling rate. 1000 2 million tons produced (2018).
No consistent legislation yet. No data available for recycling.
200 g0 | ° Bitumen share in Asphalt not clear, high share of concrete because asphalt is melting in heat.
» » * Asphalt is not mentioned in studies on the composition of construction and demolition waste.
= Time lag due to consequence of fiscal crisis in 2008. = *  Assumingly, asphalt is part of “others” accounting for 2% of construction and demolition waste.
600 690 1"« Use of recycled construction material for the composition of mortars and concrete is growing.
\ * The legislation by the Brazilian National Council for the Environment contributes to the expansion.
400 4001« The costs for hot mix asphalt are expensive.
_ﬁ\__—\\ +  Cold in-place recycling techniques tailored for tropical climates are used.
200 200
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e ProdUCtion e Recycling e Production e Recycling

Sources: Contreras et. al (2016, pp. 594-599) - Copeland (2015, p. 3, p. 5, p. 8, pp. 46-47) - European Asphalt Pavement Association (2020, pp. 3-4, p. 8, p. 9) - Hansen et. al (2013, p. 8, p. 12) - Hansen et. al (2015, p. 9, pp. 12-13, p. 17, p. 20 - Hansen et. al (2017, p. 10, p. 12, p. 14, p. 21, pp. 28-29, pp. 37-39) - Kubo (n.d., p. 7) - Kubo (2008, pp. 4-6) - Mantalovas et. al (2019, p. 11, pp. 13-14) - Massara (2018, pp. 410-411) - Ministry
of the Environment (2014, p. 25) - Qiu et. al (2016, p. 8) - Transportation Research Board (2014, pp. 60-66) - United Nations Statistics Division (2020) - West et. al (2015, p. 14) - Williams et. al (2018, pp. 6-7. p. 10, p. 13, p. 15, p. 22, pp. 30-31, pp. 40-43) - Williams et. al (2019, p. 12, p. 16, p. 23, p. 31, p. 39, pp. 41-43).
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Historic Development of Asphalt Recycling in Africa Historic Development of Asphalt Recycling in Australia
1400 1400
Material is no fraction of household waste. "Material is no fraction of household waste.
1200 No data available for Africa. 1900 No data available for whole Oceania.
»  Focus lies on how to build streets at all; not how to recycle them. Australia:
+  No mega cities. 172 million tons produced (2016).
1000 1« Domination of gravel and sand roads; some concrete streets due to heat; little asphalt. 1000 17 million tons recycled (2016).
10% recycling rate.
800 800
g £ —_——— Decline in road construction due to
600 600 ﬁsgal crisis to be seen in road
maintenance.
400 400
200 200 . . ; .
First attempt of systemic collection of recycling data.
0 0 ———
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e ProdUCtiOn e Recycling e Production e Recycling

Best available projections:

* No projections available.

Sources: Australian Asphalt Pavement Association (2018, p. 12) - Australian Government - Department of Sustainability, Environment, Water, Population and Communities (2012, p. 13 ff.) - King et. al (2015, p. 3).
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Rating carad

Asphalt Maturity of market Design4CE compliance in legislation / jurisdiction Availability of RE-Tech. Level of knowledge and cognition for CE

World

Japan

USA

Europe

Brazil

Africa

Australia

* Circular economy performance in asphalt sector 100%.
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Asphalt - Main reasons for success:

 Most successful is Japan: Clear legal strategy for circular economy. The basic problem was that Japan as island has no space
for landfill of construction and demolition waste. So, a strategic answer to this problem was needed.

 Technology is well developed and available worldwide.
« Virgin material is offered at the same price level as recycled material.

* Why is the rest of the world not as successful as Japan? Answer: There is no clear compliance for CE strategy.

20
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Historic Development of Paper Recycling in the World

500

Material is fraction of household waste only in some parts of the world.
420 million tons produced (2018).

450 221 million tons recycled (2018).

53% global recycling rate.

Financial crisis - global market break —_ —_—

400

350

300
New data collection since 2009 in many regions. Precise solid data base with only 5% statistical uncertainty.

/\/_

Mt

200

150

100

50

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e PrOdUCtiON e Recycling

Sources: Bureau of International Recycling - Paper Division (2013, p. 2, p. 18] - Bureau of International Recycling - Paper Division (2014, p. 2, p.10) - Bureau of International Recycling - Paper Division (2015, p. 2, p. 10 - Bureau of International Recycling - Paper Division (2020, p. 5, p. 15, p. 17, pp. 19-20) - Food and Agriculture Organization of the United Nations (2013, pp. 1-3) - Haggith et. al (2018, pp. 18-12, p. 18, p. 21, pp.
34-35) - Verband Deutscher Papierfabriken e.V. (2019, p. 2).
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Historic Development of Paper Recycling in Asia Historic Development of Paper Recycling in North America
500 500
Material is no fraction of household waste. Material is fraction of household waste.
450 204 million tons produced. 450 76 million tons produced (2018).
400 98 million tons recycled. 400 52 million tons recycled (2018).
48% recycling rate. 68% recycling rate.
350 350
300 300
< 250 < 250
Political announcement Circular Economy in China in 2009 leads to statistical research in the following Federal initiative - EPA was assigned to collect data to prepare legal regulation on waste. In the USA in
200 years. 2002009, the recycling rate for paper and paper-based packaging starts growing. In 2010, the American
150 150 Forest & Paper Association began partnership with the National Paper Trade Association.
100 S 100 —
- - . - \
50 Degree of contamination for imports reduced to 0.5%. Rest of the world: 10%. The ban led to imports 50
o of contaminated fibers in the USA and filled landfills according to US Trade Commissioner Sarah Scott. 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e Production e Recycling e Production e Recycling
Historic Development of Paper Recycling in Europe Historic Development of Paper Recycling in South America
500 500
. Material is fraction of household waste in parts of EU. - Material is no fraction of household waste.
>0 90 million tons produced (2019). 29 million tons produced (2018).
400 49 million tons recycled (2019). 400 14 million tons recycled (2018).
0 H 0 .
250 54% recycling rate. 250 48% recycling rate.
300 Late consequences  Catch-up demand after financial crisis. 200
s 250 Financial crisis  of financial crisis S 250
200 1996 recycling starts due to implementation Digitization may have an influence. 200
of the environmental label ,,Blue Angel”. )
150 & / 120 80% informality
100 l 100
. i . N\,
e ——
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling e Production e Recycling

Sources: Berg et. al (2019, pp. 2-3, p. 5) - Bureau of International Recycling - Paper Division (2013, pp. 2-4, p. 7, p. 10, pp. 12-13) - Bureau of International Recycling - Paper Division (2014, pp. 2-3, p. 7, p. 10, pp. 12-13) - Bureau of International Recycling - Paper Division (2015, pp. 2-3, p. 7, p. 10, pp. 12-12) - Bureau of International Recycling - Paper Division (2020, pp. 5-13, pp. 15-21) - CONFEDERATION OF EUROPEAN PAPER
INDUSTRIES (2020b, p. 5, pp. 16-17, pp. 23-24) - Eurostat (2020) - Food and Agriculture Organization of the United Nations (2009, p. 66, p. 135) - Haggith et. al (2018, pp. 3-4, pp. 9-11, p. 18, pp. 20-21) - Lu et. al (2017, p. 7) - Verband Deutscher Papierfabriken e.V. (2019, p. 2).
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Historic Development of Paper Recycling in Africa Historic Development of Paper Recycling in Oceania

500 500
Material is no fraction of household waste. Material is fraction of household waste.
450 5 million tons produced (2019). 450 4 million tons produced (2013).
200 4 million tons recycled (2019). 400 4 million tons recycled (2013).
80% recycling rate. 100% recycling rate.
350 350
300 300
s 250 £ 250
200 200

150 Highrecycling rates. Paper as ancient cultural heritage. Where paper is produced, it is also recycled.

150
Only a small amount consumed. Anyhow, data includes blind spots.
100 100
50 50
0 L 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling e Production e Recycling

Best available projections:

 The continuous evolution of paper technology and production processes has become increasingly responsive to environmental concerns.

» New technologies are in place to make paper lighter, reduce energy consumption and to generate biofuels.

» The removal of inks is the key problem in the whole paper recycling technology.

* Liquid toner printed material should be avoided for recovered paper from de-inking and should be directed towards corrugated board production.

* Thereis an urgent necessity for the development of new methods for de-inking.

* The latest developments, especially the import ban imposed by China, have disrupted the recovered paper market.

» These developments represent an immediate challenge for recycling companies recovering paper.

* In Europe on 16t July 2020 , the Confederation of European Paper industries (CEPi) announced the development of a lifecycle assessment tool to
enable any CEPi member to calculate product LCAs and validate their green claims within the Green Deal context.

Sources: Bureau of International Recycling - Paper Division (2013, pp. 2-3, p. 7. p. 18] - Bureau of International Recycling - Paper Division (2014, pp. 2-3, p. 7, p. 10) - Bureau of International Recycling - Paper Division (2015, pp. 2-3, p. 7, p. 18] - Bureau of International Recycling - Paper Division (2020, p. 7, p. 9, p. 12, pp. 15-16, p. 18, pp. 20-21) - CONFEDERATION OF EUROPEAN PAPER INDUSTRIES (n.d.) - CONFEDERATION
OF EUROPEAN PAPER INDUSTRIES (2020a) - Haggith et. al (2018, p. 3, pp. 9-11, p. 18, p. 21) - Sardjevaet. al (2015, p. 24).
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Rating carad

Maturity of market

World

China / Asia

USA / North
America

Europe

South America

Africa

Oceania

Design4CE compliance in legislation / jurisdiction

Availability of RE-Tech.

Level of knowledge and cognition for CE

25
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Paper - Main reasons for success:

* The collection of paper is culture-driven.

 The material has multiple economic and social benefits since its invention: Paper was used for the development of new
hygienic standards, for the storage of knowledge, as payment instrument and medium, etc.

* The production of new fibers is more expensive than reusing fibers. Fibers can be used up to seven times.

 Today, paper markets and recycling markets are globally established for numerous qualities.

26
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assouatlon source for data mine.

R&yclmg has plastics recycling on their list

the ery first time.

Photo by Brian Yurasits from Unsplash.
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Historic Development of Plastics Recycling in the World

500

In some parts of Global North, material is fraction of household waste.
390 million tons produced (2018).
450 50 million tons recycled (2018).
13% global recycling rate (c.sJ.
Not scientifically evaluated, plastic association source for data mine.
400 In 2020, the Bureau of International Recycling has plastics recycling on their list for the very first time.

350

300

/

Financial crisis

250

Mt

Positive circular development - production

decreases, recycling increases.
200

150

100

. -

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Conversio Market & Strategy GmbH (2013, pp. 8-10, p. 16) - Khan (2020) - PlasticsEurope - Association of Plastics Manufacturers (2015, pp. 1-2, p. 8) - Ritchie et. al (2018) - Ryberg et. al (2018, pp. 28-29, p. 93).
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Historic Development of Plastics Recycling in Asia Historic Development of Plastics Recycling in North America
500 500
Material is no fraction of household waste. Material is fraction of household waste in a few Federal States.
450 174 million tons produced (2017). 450 62 million tons produced (2017).
400 28 million tons recycled (2017). 400 4 million tons recycled (2017).
16% recycling rate. 6% recycling rate.
350 350
Import ban in China since 2018: ,[..] China is trying to enforce new and ambitious environmental
300 policies which have subsequently affected international trade in scrap plastic. [..] The world was faced 300
£ 550 with a need for change in the players bearing the responsibility of waste management, with transfers to = e
= other countries becoming a less viable option. With China’s doors closed since the beginning of 2018, =
200 most of the scrap plastic has flowed to South East Asia instead.” [Khan (2020), p. 19] ~ 200
150 / 150
100 100
50 50
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling e Production e Recycling
Historic Development of Plastics Recycling in Europe Historic Development of Asphalt Recycling in South America
500 500
In most EU countries, material is fraction of household waste. Material is no fraction of household waste.
450 64 million tons produced (2017). 450 14 million tons produced (2017).
400 10 million tons recycled (2017). 400 4 million tons recycled (2017).
16% recycling rate. 29% recycling rate.
350 350
300 300
< 250 S 250
200 200
150 150
100 100
50 — 50
0 0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

@ Production e Recycling

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Conversio Market & Strategy GmbH (2013, pp. 11-12, p. 15) - Khan (2020, p. 19 - PlasticsEurope - Association of Plastics Manufacturers (2015, p. 2, pp. 7-8) - PlasticsEurope - Association of Plastics Manufacturers (2018, p. 13, pp. 18-19) - Ryberg et. al (2018, p. 11, p. 28, p. 30, p. 34, p. 39, p. 52, p. 93)..




O TC for BASF 30
Historic Development of Plastics Recycling in Africa Historic Development of Plastics Recycling in Oceania
500 500
Material is no fraction of household waste. Material is no fraction of household waste.
450 18 million tons produced (2017). 450 1 million tons produced (2017).
400 3 million tons re.cycled (2017). 400 No data available for recycling.
17% recycling rate
350 350
300 300
S 250 < 250
200 200
150 150
100 100
50 50
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling @ Production e Recycling

Best available projections:

»  Studies focus on the environmental impact of plastics.

* InaBusiness-As-Usual (BAU) scenario, annual flows of plastic into the ocean could nearly triple by 2040.

 InaBAU scenario where all current industry and government commitments are met, annual flows of plastic into the ocean could be reduced by 7%.

* In a scenario where the world applies and robustly invests in all the technologies, management practices, and policy approaches currently
available—including reduction, recycling, and plastic substitution—annual flows of plastic into the ocean could be reduced by 80%.

* Unless the value chain is transformed, the risks for marine species and ecosystems, the climate, the economy, and the communities will become
unmanageable.

 There are unique opportunities for governments, businesses, and innovators ready to lead the transition with circular business models.

Sources: Conversio Market & Strategy GmbH (2013, pp. 11-12) - PlasticsEurope - Association of Plastics Manufacturers (2015, p. 2) - Ryberg et. al (2018, p. 30, p. 34, p. 39, p. 52, p. 93) - The Pew Charitable Trusts and SYSTEMIQ (2020, p. 4, p. 48).
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Plastics - Main reasons for development:

* The virgin resource (crude oil) has been so cheap that the development of closed-loop-recycling technologies have had little
return on invest, so far.

« Plastics recycling markets exist. They are functioning and they are having a quick rise in recycling materials as PET recycling

material shows. Actually, PET recycling material is more expensive than virgin material due to regulation aspects (recycling
quotal.

 Due to environmental pressure, regulation is changing worldwide.

32






O TC for BASF

Mt

70

60

50

40

30

20

10

Historic Development of Aluminum Recycling in the World

Material is no fraction of household waste.
Around 77 million tons produced.
Around 29 million tons recycled.

38% global recycling rate.

Similar to other mineral ore, ferrous or non ferrous markets.

R

Decoupling due to Chinese market growth.

1999

2000
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2002

.
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Financial crisis - global market break.
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e Production e Recycling
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Sources: Barry et. al (2013, Table 4) - Gesamtverband der Aluminiumindustrie e.V. (2019 - Impol Group (2005, p. 22) - Impol Group (2008, pp. 20-21) - Impol Group (2007, pp. 18-19) - Impol Group (2008, p. 16) - Impol Group (2008, pp. 23-24) - Impol Group (2010b, p. 23) - Impol Group (2018b, pp. 23-24) - Impol Group (2012, p. 23] - Impol Group (2013, p. 25) - Impol Group (2014, pp. 27-28) - U.S. Geological Survey
(2015).
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Historic Development of Aluminum Recycling in China

Historic Development of Aluminum Recycling in North America

35

70 70
Material is no fraction of household waste. Material is no fraction of household waste.
60 20 million tons produced (2012). . 5 million tons produced.
B million tons recycled (2012). 5 million tons recycled.
30% recycling rate. 100% recycling rate.
* Rest of Asia: 50
48 million tons produced (2018).
40 1 million tons recycled (2018). 40
S 24% recycling rate. g
30 30
China imports become regulated.
20 20
10 10
P —_—
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling e Production e Recycling
Historic Development of Aluminum Recycling in Europe Historic Development of Aluminum Recycling in Venezuela
70 70
Material is no fraction of household waste. Material is no fraction of household waste.
60 2 million tons produced (2019). 60 No data available for whole South America.
7 million tons recycled (2019). Venezuela:
% 100% recycling rate. . 0 million tons produced [2Q12].
No data available for recycling.
40 40
s s
30 30
20 Europe mainly scrap exporter. 20
10 l 10
. —==
0 0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e ProdUCtiON e Recycling

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Barry et. al (2013, Table 4) - European Aluminum Association (2020a, pp. 8-9) - European Aluminium Association (2020b) - Gesamtverband der Aluminiumindustrie e.V. (2019) - Hatayama et. al (2009, p. 654-856) - U.S. Geological Survey (2015) - Wei (2015, p. 3, pp. 14-15, p.17).
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Historic Development of Aluminum Recycling in Africa Historic Development of Aluminum Recycling in Oceania
70 70
Material is no fraction of household waste. Material is no fraction of household waste.

0 2 million tons produced (2018). . 2 million tons produced (2018).

>0 million tons recycled (2018). >0 million tons recycled (2018).

>0% recycling rate. >0% recycling rate.
50 50
40 40
s s
30 30
20 20
10 10
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling e ProdUCtiOn e Recycling

Best available projections:

* The growth in aluminum usage in transportation, the decline in beverage can recycling, and the increasing reliance of the domestic fabrication
industry on secondary aluminum have created new needs in materials design and processing.

» Theimportance of mixed scrap streams in the makeup of secondary aluminum increases.

» Maximizing the cost-effectiveness and efficiency of recycling processes should lead to extended life-cycle advantages of aluminum alloys.

* The usefulness of directly recycled alloys and the amount of metal that is directly reused without the addition of primary metal would increase.

* In scenario analysis for aviation, aluminum will be the dominant material for short range operation aircraft and composites for long haul.

 Looking at a long-term perspective, scenarios lead to composites as the dominant material.

*  Aluminum-alloying technology has almost reached the ceiling of its technological maturity, while composites is yet probably at half the way.

Sources: Bundesanstalt fur Geowissenschaften und Rohstoffe (2013, p. 2) - Das (2008, p. 1, p. 5) - Devezas (2020, pp. 8-9) - Gesamtverband der Aluminiumindustrie e.V. (2019 - Shu et. al (2011) - U.S. Geological Survey (2015).
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Aluminum - Main reasons for success:

« Material characteristics: Little material degradation.

* Used aluminum scrap is cheaper than virgin ore in the production process.

* Developed trading market. Aluminum markets exist globally. Prices depend on global trends.
* Lately aluminum competes with composites due to the flexible composition of the material.
* Interms of recycling, mono-materials like aluminum are to be preferred.

« China’s ferrous import ban also addresses imports of aluminum scrap (reduction of contamination rate and new quality
standards).
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Historic Development of Glass Recycling in the World

160

Material is fraction of household waste only in a few countries of Global North.
130 million tons produced (2018).
27 million tons recycled (2018).
140 21% global recycling rate.

120

100

80

Mt

60

40

20

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Butler et. al (2019, p. 308, p. 313) - Kaza et. al (2018, p. 25, p. 29) - Wintour (2015, p. 1).
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Historic Development of Glass Recycling in China Historic Development of Glass Recycling in the USA
160 160
Material is no fraction of household waste. Material is fraction of household waste.
140 20 million tons produced (2015; container glass only). 140 No data available for whole North America.
5 million tons recycled (2015; container glass only). USA:
120 Below 20% recycling rate (2018). 120 1 million tons produced (2018).
* Recycling lines have been built in the 1950t years, recycled glass doesn't meet quality requirements 4 million tons recycled (2018).
100 as for virgin material. 100 35% recycling rate.
S 8 £ 80
€0 60" Separate glass collection in USA.
40 40
v
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling e Production e Recycling
Historic Development of Glass Recycling in Europe Historic Development of Glass Recycling in Brazil
160 160
Material is fraction of household waste in parts of EU. Material is no fraction of household waste.
140 35 million tons produced (2018). 140 No data available for whole South America.
12 million tons recycled (2018; container glass only). Brazil:
120 74% recycling rate (container glass only). 120 3 million tons produced (2011).
0.63 million tons recycled (2014).
100 100
s 80 S 80
€0 Financial crisis. Compared to the rest of the world, recychng 60
) o rates in Europe are very high, especially for
40 Implementation waste legislation in 1999. container glass. High qualities. | 0
20 l o—— \ 20
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e PrOdUCtION e Recycling e Production e Recycling

Sources: Association of Cities and Regions for Recycling and Sustainable Resource Management et. al (2012, p. 26 - Bundesverband Sekundarrohstoffe und Entsorgung e.V., Fachverband Glasrecycling (2016) - Bundesverband Sekundarrohstoffe und Entsorgung e.V., Fachverband Glasrecycling (2018) - Butler et. al (2013, p. 308, p. 316) - Gonzales-Torre (2002, p. 3) - Hohmann (2020) - United States Environmental
Protection Agency (2014, pp. 1-2) - United States Environmental Protection Agency (2016, pp. 1-2) - United States Environmental Protection Agency (2020) - Wintour (2015, p. 10).
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Historic Development of Glass Recycling in South Africa

160
Material is no fraction of household waste.

140 3 million tons produced (2014; container glass only).
0.62 million tons recycled (2015).
120 41% recycling rate (2018).

* Atrend reversal has taken place.
100 | * More than 4000 ,bottle banks™ have been installed for glass collection.

80
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Historic Development of Glass Recycling in Oceania

Material is no fraction of household waste.
No data available for production.
0.82 million tons recycled (2014/ 2015; container glass only).

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e ProdUCtiOn e Recycling

Best available projections:

* Research is conducted to compare the environmental impact of bottles made of PET, R-PET, non-returnable glass and returnable glass in order to

understand which is the most environmental friendly packaging solution.

* Research reveals that the substitution of plastic with glass does not help to reduce life cycle impact, e.g. global warming potential.

e Glass bottles could contribute to reduce marine litter.

 Great improvements can be obtained using bottles made with recycled materials, as R-PET.
 |tis necessary to disadvantage waste dispersion, giving incentives to returnable packaging and raising people’s awareness of eco impacts.

Sources: Butler et. al (2019, p. 308, p. 313) - Stefanini et. al (2020, p.1).
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Glass - Main reasons for development:

For Europeans, glass recycling is very present due to the good infrastructure of glass containers for collection. For North
Americans, glass recycling is just as normal as for Europeans. Recycled glass is cheaper than virgin glass production.

So far, glass recycling quotes in the Global South have been low. Sand scarcity has not effected virgin glass production which is
the reason why it is cheaper than recycled glass.

Sand scarcity is now on the agenda.
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Historic Development of Textiles Recycling in the World

120
Material is no fraction of household waste on a global level, except for a few countries in Global North.
99 million tons produced (2017).
21 million tons recycled (2017).
21% global recycling rate (only data by H&M). /
100
80 Financial crisis.
S 60

.S

Fast fashion trend.

Completely voluntary collection system worldwide.
Quantity of apparel collected by H&M's reuse and recycling scheme worldwide.

20

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Garside (2020c) - H&M Group (2019b, p. 26) - Shahbandeh (2020).
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Historic Development of Textiles Recycling in Asia

Historic Development of Textiles Recycling in the USA

47

120 120
Material is no fraction of household waste. Material is fraction of household waste.
No data available for whole Asia. No data available for whole North America.
100 China: 100 USA:
50 million tons produced (2018; only chemical textiles). 17 million tons produced (2017).
20 No data available for recycling. 20 3 million tons recycled (2017).
* Asiais the main hub for the textile industry, followed by North America. 18% recycling rate.
» Changing consumption patterns, increasing population, disposable incomes, the increasing demand
£ 60 for clothing, along with home furnishing products in APAC region, are major growth factors. £ 60
*  China is the major exporter with a total share of 37% followed by India, Bangladesh, Indonesia.
*  China controls about 40% of the global textile markets, and India claims the second position.
401« The textile industry is a highly labor-intensive industry. 40
« Cheap labor is the main reason for the growth of the textile industry in Asian countries. “It is well established that recycling is economically beneficial, yet much of the discarded clothing and
50 | * The United States, European countries, the United Kingdom, and Japan are major importers. 20 textile waste in the USA fails to reach the recycling pipeline.” [Hawley (2004), p. 3]
—_
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling @ Production e Recycling
Historic Development of Textiles Recycling in Germany Historic Development of Textiles Recycling in Brazil
120 120
Material is fraction of household waste in some parts of EU. Material is no fraction of household waste.
No data available for whole Europe. No data available for whole South America.
100 100 :
Germany: Brazil:
18,000 tons produced (2013). 1 million tons produced (2014)
80 221,000 tons recycled (2013). 80 9,000 tons recycled (2014).
100% recycling rate. 1% recycling rate.
£ 60 + Textile recycling differs from cogntry to country. . . < oe | Brazil is the third largest cotton exporter.
» Sweden has not even one recycling plant for textile recycling. * The markel prefers to import rather than to use the national textile waste because of waste
discarded with dirt, mixture of different raw materials, high labor cost to accomplish the
9" There is no noteworthy production in Germany. Large quantities get recycled. The BVSE is researching 40 separation, lack of fiscal and tax incentives, transportation costs. o .
on how textiles get into Germany. » The market also disregards the potential due to the lack of studies on the possibilities of recycling.
20 50 | * Inacademic research on urban waste, textiles are classified in the sub-category “other”, hindering

.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

@ Production

e Recycling

its quantification and subsequent studies about their impacts.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

@ Production e Recycling

Sources: Bundesverband Sekundarrohstoffe und Entsorgung e.V., Fachverband Textilrecycling (2015, p.1, p. 20, p. 23, p. 32) - Do Amaral et. al (2018, p. 2, p. 4, p. 6, pp. 8-9) - Fairwertung.de (2016) - United States Environmental Protection Agency (2016, p. 8) - United States Environmental Protection Agency (2019, pp. 1-2) - United States Environmental Protection Agency (2020a, pp. 1-2) - Wright (2020) - Zamani et. al
(2015, p. 1.
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Historic Development of Textiles Recycling in Africa

Material is no fraction of household waste.
No data available for Africa.
Burkina Faso:

185,000 tons produced (2018; only cotton)
No data available for recycling.
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e Production e Recycling
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Historic Development of Textiles Recycling in Oceania

Material is no fraction of household waste.
No data available for whole Oceania.
Australia:

479,000 tons produced (2019; only cotton).
No data available for recycling.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling
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Best available projections:

» Apparel companies are increasingly investigating circular fashion models including the recycling and upcycling of textiles.

» European consumers are increasingly conscious about the impact of purchasing fast fashion.

» Therecycling trend is expected to accelerate.

» Manufacturers from developing countries with better technologies and fashionable apparel made from recycled materials will be at advantage.

* There are some promising new technologies that are able to separate the most common blend of cotton and polyester.

* There is a number of companies who are innovating textile recycling, e.g. turn PET bottles and packaging into new textile raw materials.

* Mainstream companies increasingly embrace sustainability and recycling strategies, e.g. H&M, Nike, Patagonia or C&A, offer consumers incentives
for returning their used clothing. Adidas, Ralph Lauren and Aquafil have launched collections made of recycled plastic waste.

Sources: Centre for the Promotion of Imports from developing countries (2020) - Wright (2020).
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Textiles - Main reasons for development:

« Textiles are summarized in a material group that is highly undervalued and underdeveloped.

 Except for the USA, there is no worldwide interest in the collection and recycling of textiles. Textile collection happens on a
voluntary basis.

* Globally fashion symbolizes status. Secondhand textiles are identified with a low social level.
« Virgin production is cheaper than recycling.

 Thereisalack in regulation.
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Historic Development of Rubber Recycling in the World

40

Material is no fraction of household waste.
27 million tons produced (2016).
Approximately 7 million tons recycled (2016; extrapolated).
35 Single case studies show a global recycling rate of 26% from extrapolated data.
*  Globally, rubber together with leather accounts for 2% of global waste composition.
* In high-income regions, rubber together with leather accounts for 4% of waste composition.
* In upper-middle-income regions, rubber and leather waste accounts for 1% of waste composition.

30 |« Inlower-income regions, it's less than 1%. i

25

20

Mt

/

Financial crisis.

-/

Demand for cars is rising.
10

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Garside (2020a) - Grilli et. al (1980, p.19, p.33, p.42, p.80) - Kaza et. al (2018, pp. 29-30) - Lembaga Getah Malaysia, Malaysian Rubber Board (2019, pp. 1-2] - The Rubber Economist Ltd. (2020).
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Historic Development of Rubber Recycling in Asia Historic Development of Rubber Recycling in North America
40 40
Material is no fraction of household waste. Material is no fraction of household waste.
35 20 million tons produced (2016). 35 3 million tons produced (2010; only synthetic rubber).
0,5 million tons recycled (2016). B million tons recycled (2016).
30 Single case studies show a global recycling rate of 3% (extrapolated). 30 | * InNorth America, rubber and leather account for 9% of waste composition.
* Rubber and leather account for 1-2% of waste composition. * Inthe USA tire retreading is a self-concept.
25 | * Alarge amount of garbage is still disposed in landfill or dumped; only a small part gets recycled. 25 | » Downcycling is a problem.
+ Improvements to collection systems, recycling programs and construction of sanitary final disposal
£ 20 sites are underway. — £ 20

15 / y

10 10

5 5

0 0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e Production e Recycling @ Production e Recycling
Historic Development of Rubber Recycling in Europe Historic Development of Rubber Recycling in South America
40 40
Material is no fraction of household waste. Material is no fraction of household waste.
35 3 million tons produced (2010; only synthetic rubber). 35 T million tons produced (2018; only synthetic rubber).
0,6 million tons recycled (2016). 0,06 million tons recycled (2016).
30 |« Rubberand leather account for less than 1% of waste composition. 30 |« Rubber and leather account for less than 1% of waste composition.
25 25
g 20 S 20

15 15
10 10

5 5

0 0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling e Production e Recycling

Sources: Grilli et. al (1980, p.19, p.33) - Kaza et. al (2018, p. 41, pp. 48-47, pp. 53-54, p. 67, p. 71) - Misurelli et. al (1997, p. 14) - The Rubber Economist Ltd. (2020).
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Historic Development of Rubber Recycling in Africa Historic Development of Rubber Recycling in Oceania
40 40
Material is no fraction of household waste. Material is no fraction of household waste.
35 I million tons produced (2013; only natural rubber; extrapolated). 35 No data available for Oceania.
0.1 million tons recycled (2016).
30 | * Rubber and leather account for 8-2% of waste composition. 30
25 25
£ 20 £ 20
15 15
10 10
5 5
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e Production e Recycling e ProdUCtiOn e Recycling
Best available projections: 100 1
 Tire retreading in Europe is confronted with new challenges due to tire imports. . 70 o retea _
) o . . ) ) ] © H 60 new tyre production
 Climate mitigation potential through retreading is scientifically evaluated. £ o] _ —retreading process
. . o fe . . . . . . [=]
* Retreading offers significant carbon savings over a tire lifecycle in comparison to new tire S 40
30
manufacture. 20 |
» The figure clearly shows that with successive retread cycles, the emissions from the casing 10 =
0 b T T T T T 1
become |ower.. | o | | P FF P
» Greater reductions in emissions for the retreaded tire are achieved. & & & & &

& @° »*5‘62 ,\0\5‘

number of tyre reuses

Figure Carbon footprint of different stages of a tire re-use [Data on basis 17.5 inch light truck] (Centre for Remanufacturing and Reuse (2008, p.19).

Sources: Centre for Remanufacturing and Reuse (2008, p.17, p.19) - Grilli et. al (1980, p.19) - Kaza et. al (2018, p. 59, p. 61, p. 85, p. 78) - The Rubber Economist Ltd. (2020).
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Rubber - Main reasons for development:

 Rubber is rarely categorized as waste which is the reason why tires are often disposed in open dump.
* |t lacks data collection, infrastructure for collection and acceptance of economic value.

* This can be seen through the development of the European retreading industry, which is suffering from the import of cheap
new tires from Asia.

* Inthe USA, tire retreading is common practice, but the material is still down-cycled.
 Thereis reduced technology for recycling tires.
* Tire retreading lacks image.

* Retreaded tires cost the same as new quality tires but more than cheap low quality tires from Asia.
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Historic Development of Copper Recycling in the World

25
Material is no fraction of household waste.
24 million tons produced (2019). r
4 million tons recycled (2019).
17% global recycling rate.
20
15 /Simi|ar to steel; same legislation. Key driver of global refined copper usage has been Asia, where - mainly due to China - demand has expanded
/ almost eight-fold over the past four decades.
s
10
Slide and slow recycling development appearing linear due to steady
growth. =
0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Goonan (2009, p. X8) - International Copper Study Group (2018, p. 21, p. 40, p. 59) - International Copper Study Group (2020).
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Historic Development of Copper Recycling in Asia Historic Development of Copper Recycling in USA
25 25
Material is no fraction of household waste. Material is no fraction of household waste.
13.5 million tons produced (2018). No data available for whole North America.
20 0.35 million tons recycled (2002; China only). 20 USA:
1 million tons produced (2019).
0.05 million tons recycled (2019).
0 .
. " 5% recycling rate.
s s
10 10
China only
5 5
[  — 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ Production e Recycling @ Production e Recycling
Historic Development of Copper Recycling in Europe Historic Development of Copper Recycling in Peru
25 25
Material is no fraction of household waste. Material is no fraction of household waste.
4 million tons produced (2014). No data available for whole South America.
20 2 million tons recycled (2014). 20 Peru:
50% recycling rate. >0 million tons produced (2001).
> 0 million tons recycled (2001.
15 15 > 0% recycling.
s s
10 10
In 2013, the second world largest mining project started in Peru leading to higher production capacities.
5 5
/
0 0 @ —
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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Sources: Brininstool (2015, p. 48) - Dorner (2020, p. 15) - Edelstein (2001, pp. 25-27) - Edelstein (2002, pp. 25-27) - Edelstein (2005, p. 54) - Edelstein (2010, p. 48] - European Copper Institute (2018) - Flanagan

2020, p. 52) - Goonan (2008, p. X8) - International Copper Study Group (2019, pp. 23-24) - International Copper Study Group (2020a).
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Historic Development of Copper Recycling in Africa
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Historic Development of Copper Recycling in Australia

Material is no fraction of household waste.
No data available for whole Oceania.
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Best available projections:

» Copper plays an important role as conductive material in the green revolution and the decarbonization of society.

* Increased growth in demand is expected for electromobility.
*  This will likely not yet have an impact on demand until 2025.

»  Copper recycling is making an important contribution for the supply of copper.

 Chinese copper demand now accounts for over 58% of global demand.

 Chinais further expanding its dominant position.

* Since the end of 2018, new import restrictions for copper scrap have been in force in China.
* |tremains to be seen to what extent the Chinese import restrictions will affect global secondary raw material production.

Sources: Dorner (2020, pp. 43 - 45) - Edelstein (2001, pp. 25-26) - Edelstein (2002, pp. 26-27) - Garside (2020a) - Goonan (2009, p. X8) - International Copper Study Group (2018, p. 23) - International Copper Study Group (2020).
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Copper - Main reasons for success:

« Copper is a material that is appreciated for its economic value, its high recyclability and even for its health benefits.

 Just as steel, copper looks back on a long journey of material history. Archaeological evidence demonstrates that copper was
one of the first metals used by humans and was used at least 10,000 years ago for items such as coins and ornaments in
western Asia.

* The discoveries and inventions relating to electricity and magnetism of the late 18th and early 19th centuries and the products
manufactured from copper, helped launch the Industrial Revolution.

« Today, copper continues to serve society's needs. Innovative applications for copper are still being developed as evidenced by
the development of the copper chip by the semi-conductors industry.

* As copper is nowadays part of electronics, recycling is not used to its full potential as it is hard to retrieve.
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Historic Development of Cobalt Recycling in the World

120
Material is no fraction of household waste.
117,000 tons produced (2017).
15,000 tons recycled (2017).
13% global recycling rate.
100
80
é . Existing cobalt markets; strong demands.

40
20
0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Al Barazi et. al (2018, p. 45, p. 53, p. 59) - Barry et. al (2013, Table 17) - Sun et. al (2019, p. 48).
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Historic Development of Cobalt Recycling in the China

Historic Development of Cobalt Recycling in Canada

65

120 120
No data available for whole Asia. Material is no fraction of household waste.
Material is no fraction of household waste. No data available for whole North America.
100 China: 100 Canada:
70,000 tons produced (2017). 6,500 tons produced (2017).
20 6,500 tons recycled (2017). 20 4,000 tons recycling capacity (2018).
9% recycling rate. *  Only one recycling company in the USA and two recycling companies in Canada.
- * China has the highest recycling capacity in the world with over 36,000 tons per yey -
o o
g 60 g 60
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20 20
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1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e PrOdUCtiON e Recycling @ ProduCtion e Recycling
Historic Development of Cobalt Recycling in Europe Historic Development of Cobalt Recycling in South America
120 120
Material is no fraction of household waste. Material is no fraction of household waste.
Europe: Below 420 tons produced (2017).
100 12,000 tons produced (2016). 100 0 tons recycled (2018).
4,025 tons recycled (2016). + No recycling companies.
80 34% recycling rate. 80
+ Technology is available through Umicore in Belgium.
S o |l Recycling rates in Belgium are 100%. S
S + France has the second highest recycling capacity worldwide with 20,460 tons per year. S 60
40 40
20 20

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

e Production e Recycling

Sources: Al Barazi et. al (2018, p. 45, p. 50, p. 53, p. 55) - Barry et. al (2013, Table 17) - BIO by Deloitte (2015, p. 108).
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Historic Development of Cobalt Recycling in Congo Historic Development of Cobalt Recycling in Australia
120 120
Material is no fraction of household waste. Material is no fraction of household waste.
No data available for whole Africa. No data available for whole Oceania.
100 Congo: 100 Australia:
400 tons produced (2017). 3.000 tons produced (2017).
0 tons recycled (2017). 0 tons recycled (2018).
80 : 80 - :
0% recycling rate. No recycling companies.
+ Congo is suffering from imperialistic structures, leading to civil war and violation of human rights.

60 60

1,000t
1,000t

40 40
20 20
0 0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ ProdUCtion e Recycling e ProdUCtiOn e Recycling

Best available projections:

» The market has been volatile in the last two years due to the industry’s high expectations for the application of rechargeable batteries.

* Renewable energy storage and portable applications will play an increasingly important role in this context.

 Cobalt will continue to be an indispensable key component in the coming years in lithium-ion based batteries.

» The market expects high annual growth rates in demand in the near future.

* Reliable statements about exploration technology or new industrial applications for cobalt are not useful due to a number of uncertainties.
* Recycling of lithium-ion batteries is possible, and corresponding large-scale processes are available.

* Recycling of battery cells will play an important role in the raw material cycle.

 Asignificant contribution of secondary cobalt from electric vehicle battery recycling is not expected until 2030.

Sources: Al Barazi (2018, p. 45, p. 55) - Barry et. al (2013, Table 17).
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World
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Availability of RE-Tech.

Level of knowledge and cognition for CE
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Cobalt - Main reasons for development:

« Just as copper, cobalt is a systemically relevant material today. Its recycling is of economic value.
 The material is especially important for the e-mobility industry and the renewable energy sector.
 Technologies for recycling are already available. Cobalt is recovered through the recycling of lithium-ion batteries.

 Anyhow, data gaps prevent to find out details on how much cobalt is actually recycled in regions worldwide.

« As e-mobility becomes more widespread, recycling and reuse will be important to the future raw material cycle of cobalt.
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Summary

m Recycling in million tons (Mt) Recycling Rate in % Key Findings CE Rating

Steel 600 Mt 1730 Mt 35% | Reliability of data good.|SteeI markets developed since 1%t industrial revolution, though world markets
are still growing faster than recycling material can be recovered.

Asphalt 530 Mt 936 Mt 72% |Re|iabi|ity of data bad. | Japan has clear leadership in circular governance and performance; great
role model for closed-loop recycling. Recycling technology existing, well-known and with high
economic value.

Paper 221 Mt 420 Mt 53% | Reliability of data good.|The advancement of paper recycling worldwide is worse than expected.

Plastics S0 Mt 390 Mt 13% | Reliability of data bad. | Not scientifically evaluated. Plastics recycling is entering governance’
agendas. But so far, waste management structures and legislative impact has been weak.
Technology is available.

Aluminum 29 Mt 77 Mt 38% Reliability of data fair. ~ Similar development like steel or other mineral ores.
Glass 27 Mt 130 Mt 21% Reliability of data fair. ~ Glass recycling market is underdeveloped.
Textiles 2IMt 99 Mt 21% Reliability of data bad. | Fast fashion growth and recycling worse than expected. The charity-driven

character of collection systems in the Global North is driving the topic, which has been neglected
since clothes are status symbol and have a deep cultural meaning. The Global South as poorer part
in the world has established second-hand markets. The figures by H&M have not been solicited
scientifically.

Rubber 7Mt 27 Mt 24% Reliability of data bad. | Tire retreading is less expensive in some parts of the world (USA. It lacks
image in other industrial countries. Rubber can only be downcycled.

Copper 4Mt 24 Mt 17% Reliability of data fair.  The electrification is key driver and key problem in copper recycling.
Cobalt 0,015 Mt 0,117 Mt 13% Reliability of data fair.  No cobalt stocks available. Handling of small amounts. Resource scarcity.




