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Before China’s Ban
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Fig. 1. Trade of plastic waste in mass and trade value (UN Comtrade data). (A} Advances in Municipal Recovery Facility (MRF) technology resulting in expansion of A report from the ISWA Task Force on Globalisation and
commingled recycling, especially single-stream recycling in the United States (1995-2005) (see the Supplementary Materials). (B) Surge in globalization, supported Waste Management
by the Werld Trade Organization and the International Monetary Fund {29-31). (C} Implementation of temporary Chinese import restrictions (Green Fence) (2013} e :
. . . . . . . . Author : Costas Velis
(D} Implementation of the new Chinese policy banning the import of nonindustrial plastic waste (2017).
Source: Brooks, Wang, Jambeck, The Chinese import ban and its impact on global plastic waste trade Icrtonal Sod Wiste Aocition
Sci. Adv. 2018;4:eaat0131 20 June 2018



What ISWA said?
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Is dependence on
a single importing
country a risk?

Should exporting
countries be
investing in local
re-processing
capacity for
recycled plastics?

What then
should be done
with mixed /
unrecycalble
plastics?

Yes, for two reasons. First, China may in the medium- or long-term become self-sufficient in
high-quality secondary plastics. Second, advanced recycling collection schemes in Europe/ N
America etc. were created aspiring to achieve sustainable resource recavery. However, this is
questionable when almest half of the collected plastics are exported to countries with lower
environmental standards. Global plastic recycling markets in themselves may not lead to the re-
quired balance between environmental protection, clean material cycles and resource utilisation.

Yes, over-dependence on a single exparting country is risky. However, a balance is required. Qual-
ity, segregated polymers, e.g clean PET from battles, are increasingly sought-after commadities
on the global market, with manufacturers in the US, Europe and China competing for a lUmited
supply. So some export is normal - provided a ‘level playing feld’ in terms of environmental
standards can be assured.

Segregate further and near the source to prepare a higher quality feedstock for recycling. Or
develop innovative processes and invest in local capacity for mixed plastics recycling. Or consider
waste to energy - high efficiency combined heat and power (CHP) plants cab be a sustainable
solution for the non-recyclable plastics (eg thermosets), particularly in countries that have high
dependence on landfill disposal.

Sources of waste plastics
imported in China in 2010

s the dominant global
player (importer)

Along with Hong Kong SAR ths

actrity accounts for the 49%

of the global financiat activity in

plastic scrap imports

Others China A of the global market

N Chre » e largest
rporting Country for
wante plastcs

560/0 Chno receives most material

from the USA followed by
lapan Germany and the UK 9%

Between 2006 and 2012 plastic waste im-
ports in China increased from 5.9Mt 1o 8 9Mt




China’s Ba.m. shifts markets, impacts & TISWA
opportunities b ot Vs e
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Nearly half of plastic waste exported from the US for recycling EU Waste Plasfics Exports since January 2016
was shipped to Thailand, Malaysia and Vietnam in the first six in tonnes
months of 2018 after China banned foreign waste imports 350,000
BChina BHong Kong BMalaysia BVietnam BThailand 300,000
The US was among |
the biggest exporters 250000
of scrap plastic
to China 200,000 -
US exports to China 150,000 -
dropped by 92%
while those to
Hong Kong dropped 100,000 -
by 77%
50,000
US exports of plastic
waste to Thailand 0
shot up by almost
+« 2000% this year to
91,505 metric tonnes
I ‘ compared with 2017
- e - — [
2013 2014 2015 2016 2017 2018 W 1ol W China + Hang Kong Inclia/IndonesiaMalaysia/Vietnam Turkey
Guardian graphic. Source: Greenpeace * Expaorts to countries outsicle the EU (third countries]; excludes intra-EU trade

Source: Eurostat; graphics by EUWID
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Virgin plastic & environmental impacts =.225X00

Figure 28, U.S. and China OCC Prices ($/ton)
$600

$500 -
$400 -

$300

$100

$0 ——r rr rr rr T+ T+ r°rr T+ °©—T°  ©® 1T T T+ 1T 1T 71
MMM T T TOHWODWE OO @M~ MN~N~
TT T T TT T T T TN N TTRNTTLOR
c a0ttt AaAdscadssdd st ad
S 0 98 5 008 5 0908 50908 50 0
Swo=2"S"wnwo="Swnaoa=2"Sno=2Swmao

Source: Citi Research, RIS

Mar-18 |

—U.S. Domestic —Chinese Domestic =—U.S. Import into China

~— TN

Jun-18 7

Figure 29. Monthly OCC Imports From U.S. to China

2,000,000 2016 —2017 —2018
1,800,000 -

1,600,000 -

1,400,000 -

1,200,000 -

1,000,000 Va

800,000 -

600,000

400,000

200,000 -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Source: Citi Research, RIS|

100-110 million tones of plastic waste should find another

destination between 2020-2030

Source: CITIBANK, RETHINKING SINGLE-USE PLASTICS - Responding to a Sea Change in

Consumer Behavior

Figure 35. China Virgin and Scrap PE Import Growth

50% 62%
40% - V 4
30%
20% -
10%
0% -
-10% -
-20% -
-30% -
-40%

Green Fence /

2007 2009 2011 2013 2015 2017

Import - PE virgin materials = Import - PE scrap / waste

Source: China Customs, Citi Research
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Conclusions on China Ban - 1

* There is no sustainable solution without a shift to redesign

. ngalit recycling is more resilient, less vulnerable but also more
difficult

* Need for local & regional closed loops = Developing the domestic
markets and outlets is a key-element

* Adaptation and resilience instead of continuously growing targets

—> Local or regional closed loops = Local or regional environmental
impacts and economic benefits

* The dominant business model that was based on extensive exports | tconomy.

of low-quality materials is over. Other countries will soon follow CYCLES,
China’s example. Adapt or collapse... LOOPE AND
* Key-point: plastics are the big problem CASCADES

L
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Conclusions on China Ban - 2
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Pursuit of Appropriate Goals /

Doing Right Things

Effective

Ineffective

Pursuing right goals, but
| inefficient (costs are high)

Pursuing right goals and
efficient (high-ROI, cost-
efficient)

Pursuing wrong goals and
. inefficient (not producing
| enough and are expensive)

Inefficient

(

/Pursuing wrong goals buth

efficient (not producing
enough but low-cost)

Efficient

Use of Resources /
Doing Things Right
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I The end of all things
Global plastic production and use, 1950-2015, tonnes, bn
Used once Discarded

Total virgin plastic 5.8 4.6
produced 8.3

0.5

Recycled

Recycled still
in use 0.1

Source: “Production, use, and fate of all plastics ever made” by R. Geyer et al., Science Advances

Economist.com
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In the Philippines, 74 percent of plastic leakage comes from waste L’
that has been collected. '

i Ocean-plastic leaka
Flows of plastic waste s

Total = 2.7
million tons
84% 16%
Collected I | Not collected
2.27 million tons 432,000 tons not
collected collected
83% I 17% Leaked Leaked 31% I 69%
Not leaked to ocean I Not leaked

386,000 tons
(74% of leakage)

135,000 tons

(26% of leakage) 297,000 tons

1.88 million tons

Waste piles: Littering:
Limited or no collection at Personal litter and waste

Hauler dumping: Poorly located dumps:

Private hauler companies Open dump sites are located
unload trucks en route to adjacent to waterways
disposal sites to cut costs

informal settlements prompt  from small river
residents to deposit waste at  communities flow directly
informal sites into waterways

In China, 84 percent of plastic leakage comes from waste '
that has not been collected.

. Ocean-plastic leak
Flows of plastic waste et

Total = 48.1
million tons
40%1 B60%
Collected | | Not collected
18.8 million tons 29.3 million tons
collected not collected
96% | 3% | ooked Leaked 14% | 86%
Not leaked I to ocean to ocean Not leaked

4.2 million tons
(84% of leakage)

0.8 million tons
(16% of leakage)

25.1 million tons

18 million tons

Hauler dumping: Poorly located Waste piles: Littering:

Plastic waste from rural Personal litter and waste

communities routinely from small river

disposed of into waterways communities flow directly
into waterways

Private hauler companies d UMPS: Open dump sites

unload trucks en route to

disposal sites to cut costs are located adjacent to

waterways

Source: Ocean Conservancy, Stemming the tide, Land-based strategies for a plastic free ocean, 2016



Effective Vs Efficient again ISWA

MARINE
LITTER
PREVENTION

15 YEARS IMPACTS IN ML REDUCTION
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So what? More science, less conveniencé
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Conclusions on Marine Litter =’ ISWA

* Marine litter is becoming a global challenge similar to Climate Change
— |let’s hope for a better response

* We are too dependent to plastic to find an easy fix and too damaged
by ocean plastics to delay it

* Plastics are too successful and convenient but we must put an end to
our dependence on the continuous expanding plastic matrix

* The dominant business model of the plastic production and
consumption has come to an end — we can’t continue like this.
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What’s common between China Ban and Marine Litter?

* They are both about plastics

* They both create global environmental impacts

* They both highlight the end of dominant business models

* They both need a serious shift in the global economy and in
the plastic industry

* They will not be resolved without radical technological and
business innovation
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Here comes the 4" Industrial Revolution ===

ARTIFICIAL INTELLIGENCE AT THE CORE OF
INDUSTRY 4.0

The Impact & the

4th Industrial Revolution
” on the Waste Management Sector

- ﬁISWA\vonLD CONGRESS §
SWANA'S . ASTECON
September 25-27,2 i




Progress & evolution are not linear!
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next avent (years)

e 1o

Tiry

THE ACCELERATING PACE OF MAJOR PARADIGM SHIFTS

1 L
10" «
Life @——. Eukaryotic cells
9 e e— multicellular orgamsms
* 4 ——e-
~——
o~ s = 1l
. Cambrian explosion (body plans) ®— . ~quimns
107 4 Class Mammalia
Primates
Superfamily/Mominoidae
107 4
Famuly/Hominoidae
Human ancestors walk upright
“
) - Genus Homo, Homo erectus, specialized stone 100ls
Spoken language
. Homo sapriens
10° 4
Homo saprens sapiens
Art. early Tie
) o
Agriculture
City-states
"’1'* Writing, whee!
Mrinting, experimental method
102 Industrial Revolution
071 Telephone, @lectri My, radio
Computer
Personal computer
10 T T T
- 3 < 1

Time before present (billions of years)

<

Source: Geoffrey West, Scale, The Universal Laws of Life, Growth, and Death in
Organisms, Cities, ad Companies

Technology accelerates at faster paces
in more advanced societies than in less
advanced societies.
By 2000, our rate of advancement was
five times the average rate in the
1900’s.
At this rate, another century’s
advancement will be achieved by 2021.
By the 2040’s, a century’s worth of
progress may be achieved multiple
times in the same year.

18

Source: Ray Courzweil, “Laws of Accelerating Return” in Human History



3 Advances in Robots' Capacity

Spatial reasoning is an elermentary
requirement for the further
involvement of robots in the real
wiorld and our daily lives. Robots
have become capable to establish
geometric relations between objects
and locations and understand 30
spatial representations

Advances in computing power and
cloud robotics allow the
development of algorithms that
teach robots to adapt continuously
to specified dynamic environments

S 4

Contextua
Understanding

Advances in neurosciences and
brain studies allowed researchers to
simulate natural language
processing and programming ina

way that improved substantially the

contextual understanding of robots
in narrowly defined contexts

3WAYS

Artificial Intelligence is the core of the Fourth
Industrial Revolution and it will stimulate the
transformation of the waste management
industry - here are the three main paths

Big Data for the

Service users
Using advanced sensors to loT and waste
househalds, bins and prevention

Through loT applications,
household and industrial
equipment can advance
preventive maintenance and
expand the life cycles. They
can also stimulate EPR
applications and track
hazardous materials.

wehicles, the analytics will
provide an in depth
knowledge of the waste
stre;am and they will drive
tailor made resource

FRCOVErY Programs

Robotic Recycling
Robotic recycling is already a
reality - it will become
mainstream within the next 10
yiears, providing maore accuracy,
better flexibility, quick market
adaptation and transforming
the MRFs



Al & Waste Prevention

ISWA

JL
International Solid Waste Asso

1. Al & loT can drive EPR

2. Al & |oT can prolong life cycles
through preventive maintenance

3. Al & loT can optimize products
for their specific use and drive
resource and energy efficiency

4. Al & loT can stimulate fit for
purpose new materials

KNOWLEDGE:
RECYCLING
INFRASTRUCTURE

RESOURCES
INDUSTRY

LOGISTICS:
RECYCLING

|
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Robotic recycling is becoming mainstreany ™

1. Manual sorters will fade out — they will take with them
accidents and health problems related to working
conditions

2. Adjustments on the sorting lines will become easier and
faster, based on the robotic vision and big data systems

3. There will be a much more accurate and precise
knowledge of the incoming materials streams

4. Facilities will become more flexible and their response
to market changes will be immediate

5. Inthe beginning we will use robots and Al to optimize
the current process — but then, as it became with other
sectors, they will redefine the meaning and the design
of the recycling plant in ways that its difficult to
Imagine.




But here are some questions
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cﬁnsmess
Five questions about Robotic Recycling

We have just
started to discuss

January 26, 4 —
2017 understand what
will be the

potential impacts
of the rise of
robots in our lives
and societies. But,
the pace of change
is too fast and very |
soon we will have
to deal with the
real conse: quences
rather than the
potential ones. As |

Home Vision Meet Antonis  Speaking

use to say in my lectures “Fasten your seatbelts, the fourth industrial revolution is already here and disruption is

the rule, not the exception”.

Robots for Recycling or for CE?

Robots for more or less public
engagement?

Robots designed for reuse or for
becoming the new e-waste?

EPR for Robots?

22



Al & Waste Collection =’ ISWA

1. Advances in situational awareness, contextual
understanding and spatial reasoning will soon
create robots for emptying waste bins

2. Driverless waste collection is already tested

3. The combination of the previous with mobile
apps, cloud computing and sensors in the bins
will deliver the first generation of hybrid
networks where humans, vehicles, bins and
waste data are integrated in a single network
that continuously optimizes waste collection
procedures.

4. Less cost, more safety and more resource
recovery are expected




Performance Indicators
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DISTANCE TRAVELLED WASTE COLLECTED TIME SPENT International Solid Waste Association
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Data is the new soil
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Source: Toralf Igensund, BIR, The 4t Industrial Revolution in practice Waste 1Q the open waste management platform, ISWA Blogs

Task
Microservice

Config AP

BossIDWS

Task API

BossIDWS
Commercial

BossID
External

T ISWA

International Solid Waste Association

VendorAPI




loT = preventive maintenance

EPR is realistic

Continuous optimization

WASTE
PREVENTION

Driverless compaction
Sensors=> process
Map the materials
Monitoring

Fully automatic
Continuously adapting
New design is coming

|

WASTE
DISPOSAL

WASTE
TREATMENT

WASTE
COLLECTION

Robotic home bins
Household treatment
3D printers

New e-waste streams

Sensors

Big data / Users
Quality control

On demand services

People — bins — vehicles
— cloud

Driverless & robotic




MATERIALS 4.0

®— MULTI SCALE
MODELLING
: s MACHINE
LEARNING L ——
ALGORITHMS

BIG DATA
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VIRTUAL
SYNTHESIS &

CHEMICAL RECYCLING

PROTOTYPING,
TESTING &
VALIDATION

LIFE CYCLE
ON MATERIAL
PROCESSING e
ANO PROPERTIES

- — - -

99
go o W
QQ
Monomers Polymers

Polymerization/
Depolymerization Cycl

cHl
s

Products

e e e e e w wd - a_A L L e -

MATERIAL INFORMATIC - MANUFACTURING
-WORK STATION

v

Source: Materials 4.0: Materials big data enabled materials discovery Rajan Jose

Seeram Ramakrishna, APPLIED MATERIALS TODAY, Volume 10, March 2018, >

Pages 127-132 ~ Repurposing
Process

Building Blocks for
New Materials



https://www.sciencedirect.com/science/article/pii/S235294071730389X#!
https://www.sciencedirect.com/science/journal/23529407/10/supp/C
https://www.sciencedirect.com/science/journal/23529407
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Al can’t resolve Product Cycles dynamicg™ "

SIZE OF PRODUCTION &

WASTE STREAMS

FIRST GENERATION

PRODUCTS
BECOME WASTE

NEED TO FIND A

SOLUTION FOR THE

SPECIAL WASTE

TECHNIC

SOLUTION

FOUND

STREAM i

(]

A/

BECOMES
MAINSTREAM

TIME



It’s a systemic characteristic
- 0_0_000___]

WASTE STREAM SIZE & WASTE

MANAGED PROPOERLY

PRODUCTS
BECOME WASTE

t FIRST GENERATION |

NEED TO FIND A

SOLUTION FOR THE

SPECIAL WASTE

STREAM

TECHNICAL
SOLUTION
FOUND
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MAINSTREAM

TIME



Pre-selection
Crude oll components are Smaller molecules result from These short molecules (monomers) The cross linking of the Plastic pellets are heated into of PET bottles
separated through distillation naphtha cracking, Le. ethene, are particularly reactive, tie together  polymer chains detemmine a4 viscous substance which is
Plastic’s major raw material is propene and butane and form long molecular chains their ductility: Thermoplastic (1) blown and stretched Into a PET bottle
called naphta (polymers) Duroplast (D) mould, The mould must be Polyethylene Terephthalate is
cooled to set the plastic in nowadays the major polyester type

(a bottle) shape,

Optoelectronic
colour separation

Thermoformed films

Extruder processes Automatic colour Optoelectronic Material separation by Washing Crushing Into
flakes into granules separation of flakes colour selection density « drying process so-called Rakes
for further processing

Fibres production

Recycled PET Is the raw
material which Is used to
produce feece pullovers

20°% of the recycled material
goes into the production of
new bottles




Table 2.1 Elements regarded as critical and technologies (JRC, 2013)
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Do we have the right focus about recycling 2~

Element

Rare Earths: Dy, Pr, Nd
Rare Earths: Eu, Tb, Y
Gallium

Tellurium

Graphite

Rhenium

Hafnium

Germanium

Platinum

Indium

Rare Earths: La, Ce, Sm
Rare Earths: Gd
Cobalt

Tantalum

Niobium

Vanadium

Tin

Chromium

Rating

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

Associated Technology

vehicles, wind
lighting
lighting, solar
solar
vehicles
fossil fuels
nuclear
lighting
fuel cells
solar, lighting, nuclear
vehicles
lighting
vehicles, fossil fuels
geothermal, fossil fuels
ccs
ccs
solar
desalination

B > 50%

I > 25-50% * Lanthanides
[ 1>10-25%

[ 1-10% ** Actinides
o < 1%

Figure 3.1 Recycling rates for critical materials (UNEP 2011).

Source: EASAC, European Academies, Priorities for critical materials for a circular economy, 2016




Waste Management Change is the rule!EEISWA

The previous 30 years are not a measure for the progress of the coming 30
ones — exponential progress can’t be comparable with the linear one

o ACCELERATING CYCLES OF INNOVATION OR PARADIGM SHIFTS \
| ; E 6™ wave

/ Zero waste systems through
, Behaviour change
Sustainable consumption
Cradle to Cradle design
Producer and consumer responsibility
\ 100% Recycling / resource recovery

5™ wave

34 wave

Innovation

2stwave

Waste-to-energy technology
Recycling Biological treatment
Landfill Advanced recycling

1 wave

Composting
Open Landfill (controlled) Resource recovery

Source: Geoffrey West, Scale, The Universal D R N—

Laws of Life, Growth, and Death in
Organisms, Cities, ad Companies

ITransition—,, | | 1920 1 1960 H 1970 2 1990 || 2000 3 .... |

Source: Ad Lasink, Waste Hierarchy as a Legal Instrument, presentation, Workshop on
the Waste Law, Beirut, September 2018)



Wasteless or wasteful? ISWA
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