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199 Mt yr
260 Mt yr'

163 Mt yr'

274 Mt yr
221 Mtyr’
152 Mt yr’

313 Mtyr’

Levi, P. G.; Cullen, J. M.,

ZapAE] = o oI

Chemical sector feedstock
transformation

55 Mt yr’

Coal

Natural gas & NGLs

Liquid oil products

H,0
0,
CO,

Other secondary
reactants

N-fertilizer

Thermoplastics
Fibre/rubber etc.
Additives etc.
Other

COz

CHa

H,0

Other secondary
products

275 Mt yr

222 Mt yr'

107 Mt yr™
107 Mt yr’
110 Mtyr”

287 Mtyr’
140 Mt yr”
43 Mtyr'

345 Mt yr’

ZapAglo] 99% 1A oI
EELBASURIE

Mapping Global Flows of Chemicals: From Fossil Fuel Feedstocks to Chemical Products. Environmental Science & Technology 2018, 52 (4), 17251734

SCtAE A EE= 2 ARl ¥

Figure 2.1 ¢ Primary oil (left) and natural gas (right) demand in 2017 by sector

respectively.

Note: Petrochemicals includes process energy and feedstock.

m Petrochemicals

m Other industry

= Power
Transport

= Buildings
Other

Key message ¢ Petrochemicals account for 14% and 8% of total primary demand for oil and gas

Pales, A. F.; Levi, P., The Future of Petrochemicals: Towards More Sustainable Plastics and Fertilisers. International Energy Agency: Paris, France 2018.
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Levi, P. G.; Cullen, J. M., Mapping Global Flows of Chemicals: From Fossil Fuel Feedstocks to Chemical Products. Environmental Science & Technology 2018, 52 (4), 1725-1734

* 1950-20150]| AHALE]

mOther
350 mTextiles

Industrial Machinery

o AMARZEO| KHEH(3 900 Mt)
O| X|=h 137 M= E

« Q5L 5= =701
TM|A| ok 2RI 28%2t
MO MAO| 68%E M| X

 Consumer & Institutional Products
m Electrical/Electronic

1 Building & Construction

W Transportation

m Packaging

Primary Plastic Production (in Mt)

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

fig. S1. Global primary plastics production (in million metric tons) according to industrial
use sector from 1950 to 2015.

Geyer, R.; Jambeck, J. R.; Law, K. L., Production, use, and fate of all plastics ever made. Science Advances 2017, 3 (7), e1700782.
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X2 3cf ?17| (Triple Planetary Crisis)
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Interlink dh= Z& &9l

IMPACTS ON CONTAMINATION OF
KEYSTONE SPECIES ,* SOIL, AIR, WATER
Ci of fitness L
Seecemnoy B

5

g
< HABITAT
DISTURBANCES

I IET) N Shanges i nutrient cycing,
LOSS and bloavallbily of
toxic compounds

through the entire life cycle
v plastics ;

Scientists’ £
=

a Year 2050
8,000 F -
ZatA e MACA O N 2A7HA £ Foss fuekbase &
T _ 71 Corn-based Gton
(Green house gas)2| &F 90%E Hi = gm == Sugarcane-based
g 6,000
2015'3 MA|A Bt 2 EH(Global Carbon E
Budget)2| 3.5% A}X|: 1.7 Gton of CO,-Equivalent ‘%
@2
€ 4,000
[9]
2(2010-2015H 9| z
5| MELE) o
o
5‘ 2,000 4 Incinerate
2 1. a, Plastics demand grows at 4% yr-! under the /compost
2050 I_Ij 0” E Xd A-" 7;” E|_|»_/‘\_ %:!_ Iél-_c_)l 15% b | Gton current energy mix. ® Projected
EoL mix
A}X|: 6.5 Gton of CO,-Equivalent " S * Recycling
2015 2020 2025 2030 2035 2040 2045 2050
Year

Zheng, J.: Suh, S, Strategies to reduce the global carbon footprint of plastics. Nature Climate Change 2019, 9 (5), 374-378.
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* IPCC 6Xt 214 (2023)
-15°C 2EE Qo 2025E71X| @A7tA HIEZ Y 27 2030E7HX| 43% 2% WA
- SEAE| MR H M| 2A7HA HISZQ| 5.3%(22.42] £ CO:e) AHX| (2019)
- 20507t SHYRIZ AL 25~40%2 HA ZH
- Z2pAg
- 1 A2 3 IH O TR iSOl 75%7} LAy
- 205011 BRFAE| 2121 HE0| THK| 0] ELAGIMC] 21~31% AFX] o4
. EI_]_LIA
- “2040EMIX| 2019\ CHE| 75% Z&"
- ZH75% AE SR
HE= S o
‘d= 4,076 0| 2efv[0f] S A5
Types of encounters Litter types affecting aquatic life .. 880/0 9| OHOOFAOHEE | %EI-&F:!
S M0 HZSHI FEE w0 S

Plastic

@ Colonisation

@ Coverage
Entanglement

@ Ingestion

@ Other interaction

AWI-LITTERBASE

AWI-LITTERBASE

litterbase.org
https://litterbase.awi.de/interaction_graph#

Fisheries
@ Glass/ceramics

@ Meal

@ Miscellaneous types
@ Paper/cardboard

@ Rope

@ Textiles/tabrics

@ Timber

@ Plastic

@ Cigarette buds

@ Plastic pellets

@ Styrofoam

@ Plastic film

@ Plastic fivers

@ Fisheries (plastic)
@ Other

7| A1k|
o, aTl,
MERAH R = (colonization) &

M.B. Tekman, L. Gutow, C. Peter, M. Bergmann, 2021, LITTERBASE: Online Portal for Marine Litter, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research,
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10 726 chemicals without
hazard data (66%)

16 325
plastic chemicals

1191 chemicals

4219 hazardous
chemicals (26%)

less hazardous (7%)
28 chemicals under development (0.2%)

Aquatic toxicity: 2760

STOT: 1774

CMR: 1489

N\

Bioaccumulative: 237 W,
\

EDC: 47
POP: 179
Mobile: 139 —— PBT: 56
= PMT: 98

vPVB: 47
T vPVM: 97

Figure 11: Overview of chemicals classified as hazardous, less hazardous, not hazardous, and with no hazard data. The
right-hand side shows which hazard criteria (PBMT) and traits the chemicals of concern fulfil.

Martin Wagner, Laura Monclus, Hans Peter H. Arp, Ksenia J. Groh, Mari E. Lgseth, Jane Muncke, Zhanyun Wang, Raoul Wolf, Lisa Zimmermann (2024) State of the

science on plastic chemicals - Identifying and addressing chemicals and polymers of concern, http://dx.doi.org/10.5281/zenodo.10701706.

SCtAE0 AFEE=

Lubricants

2%

Colorants g8
Light stabilizers
Other <
Impact modifiers @

Heat stabilizers ‘ -

Flame retardants 13%

' Plasticizers

Antioxidants

‘ Fillers

United Nations Environment Programme and
Secretariat of the Basel, Rotterdam and Stockholm Conventions
(2023). Chemicals in plastics: a technical report. Geneva.

>13,000
so far identified or
Bl detected in plastics as
monomers, additives
and processing
aids

>7,000
analyzed for
their hazardous
properties

- — —
7 Harmful Chemical Types in Plastics
(IPEN, Endocrine Society)

N o o o

METALS
AND
METALLOIDS

BISPHENOLS

PER- AND
POLYFLUOROALKY!
SUBSTANCES
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« Testicular Cancer » Obesity

« Cryptorchidism « Diabetes

« Intellectual « Cardiovascular

Disability

$249 Billion
(in 2018, USA)

« Childhood Obesity ” Obesity
« Diabetes

« Kidney/Breast/Testi
cular Cancer

Trasande, L.; Krithivasan, R.; Park, K.; Obsekov, V.; Belliveau, M., Chemicals used in plastic materials: an estimate of the attributable disease
burden and costs in the United States. Journal of the Endocrine Society 2024, 8 (2), bvad163.

SctAH ARZ2| AR|H HIE

Figure 4: The lifetime cost of plastic produced in 2019 is ten Figure 5: The lifetime cost of the plastic produced in 2019 is
ttimes greater thanthe market cost more than India’s GDP (US$ trillion).
@ 8 * 2019E0f itEl SetAES
B AMORZE7| L A1 Bl
Market Cost = X|A lli
:Socr;('alufe(lwmcosl 171 3,716 O1|_|I| -‘—l—'— $37 trllhon
39
12024 ot= FH ofj¢t
(656 ¢!)2| 764K
30 3 12019 TMIA| m=H(2] 609
1 3 4
MARKET COST  MANAGED ~ ECOSYSTEM  LIFECYCLE  LIFETIME
WASTE ~ SERVICECOSTS ~ GHGCOSTS ~ COSTOF =
cost ON MARINE PLASTIC = = =
ECOSYSTEM % E =

Note: Numbers in the figure are rounded to the nearest billion.

World Wide Fund for Nature (WWF) Plastics: The cost to society, environment and the economy; Gland, Switzerland, September 2021.
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MInImUm socictal reume coSt 0T the PIAsuc proauced n
2040 is equivalent to about 85% of global spending on health
in 2018' and greater than the GDP of Germany, Canada, and
Australia in 2019 combined (see Figure 6).15

u§uﬁu§n 7 . 1

USS (TRILLION) USS (TRILLION)
TOTAL GDP OF 3 COUNTRIES
ﬁ 3.86 GERMANY
a - . L
\
(o | %% 1.74 CANADA
SOCIETAL LIFETIME
GLOBAL SPENDING ON COST OF PLASTIC
HEALTHIN 2018 PRODUCED IN 2040 1.4 AUSTRALIA

« O] X|= SHi0ICt 371510
2040'F0fl= 2F $7.1 trillionO|
2 Ae2 0%

World Wide Fund for Nature (WWF) Plastics: The cost to society, environment and the economy; Gland, Switzerland, September 2021

_21_




o ZotAE 834, ofEA 7Hsert
ZatAg 27 A4t

2060 = 1231 Mt

Panel A. Share of each application in total plastics
in 2019, Baseline scenario

L}

e ° Packaging
Canada 0 Construction
oreroEcoame (@)
OECD EU Countries. o Other
OECD Non-EU Countries Vehicles
OECDAs
oecooma @ A Consumer products

| _china . Clothing
e ° ElectricalElectronic

Other textiles
Ot Asia o Tyres
Middie East & Noth Atrica (532" 0% 10% 20% 30%
Other Africa 65 - EE AEI )\Hkl’ak
Lato-Amerion ) Sctad =0
=g - 1950 2009HE D 20195 4A6MIHE > 2060
(Ofleh) 129 3B E
L2lE ZHI
Global Plastics Outlook: Policy scenarios to 2060
ZAOLAEl B2 -" ﬁ:" |
Lol AEl 2x|: |7
B Packaging Consumer products B8 Clothing Other textiles Vehicles
. Tyres I Construction W Electrical/Electronic lll Other

2020
Source: OECD ENV-Linkages model

2030 2040

Global Plastics Outlook: Policy scenarios to 2060

ZBLAE] Mpl|7| raz
2019'A 3Y5HILE > 2060'H
(0f144) 102130
3Hf =7t

1950~2017 =X 709 &
SR, AT, S ME7[7}

TiH|2] 63% (2019FH) XHX|

2050 2060
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Global Plastics Outlook: Policy scenarios to 2060

o SUAE MY HHEE
- 2019 9% (3T3MAE) >
2060\ 17% (19746442t

=)

[

ZaAE 2R 5

rivers to ocean
Leakage of 135 34ME2)
macroplastics
from mismanaged
waste to aquatic
environments.
61r NeME2

Plastics floating
in rivers
27> s2ml2)

Plastics sinking
to river and

31 saMp2

Transport

2018 » 2060 krowthrom 201910 2060] Leakage from
coasts to ocean
03 07ME2)
to ocean
Transport from 17 ¢ L0tk

Plastics sinking

to seabeds
02+ 04Mp2

Plastics floating close
10 ocean shoreline
155 36ME2)

Transport to offshore
‘ocean surface

<01 01ME3)

o Zutictol] £7)E StAE M7

- 2019 6HHDFE > 2060\ 11.68H0HE
- 2Hf =7t

- 1950~2019: 3X0t &

o HIOIZ RQUE

- 2019\ 1,742 > 20604 44IHE

Global Plastics Outlook: Policy scenarios to 2060
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- Brominated Flame Retardants
12— [ v stabilizers
Bisphenol A (BPA)
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Accumulated number of additives
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Figure 2. Chemicals per sample. The numbers inside the bars show how many chemicals from
each group was detected in each sample..

Brosché, S.; Strakova, J.; Bell, L.; Karlsson, T., Widespread chemical contamination of recycled plastic pellets globally. International Pollutants Elimination Network (IPEN) 2021.
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Compostable and Biodegradable Plastics&&

© URE22 HIO|RE2HAEZ ROEESE

stost Qle
Bamboo . MI%_@_&Q_'. Starch—OEH I1|EEO| in
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[e] k=X

MO

Beyond Plastics Demystifying Compostable and Biodegradable Plastics: Do Safe and Sustainable Options Exist?. July 2024.

Zimmermann, L; Dombrowski, A.; Vélker, C; Wagner, M., Are bioplastics and plant-based materials safer than conventional plastics?
In vitro toxicity and chemical composition. Environment International 2020, 145, 106066.
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» US Z2|ZL|0} - SB 54 Solid waste: reporting packaging and plastic food service ware (2022)

@ AtExHE 2 (CalRecycle, Department of Resources Recycling and Recovery)A= ol #Ha
“Plastic Pollution Prevention and Packaging Producer Responsibility Act”2t1! A& st
© 20223 6& 300 HEE

© A
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MM U AE 879 CHA 22 WA A 2032 18 1L 0|F 0] = LHOM T, K8, =
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¥ Y38 ECtAH Material)0| Z{QIQ/= %|Z A|AIO 2 HLYXOI5}IH, 2032 1€ 12 0|2
2 L AR 8719 ZIAEl HEQ| 65% 0|AI2 M52 278
65%= Meest A * 28 0|5 30% 0|4}, 301 0|5 40%0|4A¢

¥ Y5 LAY @ CalRecycle2 20233 12 2820 1&g 7ts41t E[H|S} 7ts40|
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