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Base 100 = 1970

CONTEXTE : LA CROISSANCE ECONOMIQUE EST COUPLEE AUX PLASTIQUES
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OBJECTIF

* Comprendre comment les socio-écosystémes pourraient étre modifiés pour reduire la
contamination plastique des océans et parvenir a découpler le PIB de cette
contamination.

» Autrement dit, comment pourrions-nous modifier la fagon dont:
- nous produisons et consommons les produits en plastique?
- nous gérons le traitement des déchets plastiques?
- nous nous comportons en tant que citoyen?

- NOuUs vivons ¢

W2
CEARC (o




METHODE: MODELISER

= Développer un modele |10O-SD pour simuler les
flux mondiaux de plastiques terre — océan

= Analyser avec le modéle les impacts
écologiques, sociaux et économiques de mesures
environnementales pour identifier celles
capables de découpler le PIB des plastiques
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METHODE: MODELE DE DYNAMIQUES DE SYSTEMES (SD)

population arowth " Le modeéle SD est construit sur base de données
o de Jambeck et al. (2015) et Geyer et al (2017)
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Stock (million tons) de plastiques accumulés dans I'océan:
7 estimations

250 | Total plastic sotck§3hatocean = (32000, Discarded PW,) x %Coastal Pop.X 245.88
205 (% Indaquately MW + %Littered waste) X Fractional entering rate = (S1) /I
5676 million tons x (0.300167682 + 0.02) X Fractional entering rate = 4 o
2 200 | 7924 to 211.32 million tons /s’
‘8 175 Plastic production ”’
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—4.0 million t/'year =Schmidt et al., (2017)'s data entered in Eq. (6) Lebreton et al. (2017,
—4.80 mill?on t/year - Jambeck et al. (2015)'s data entered .in Eq. (6) Schmidt et al. (2017),
2.41 million t/year< Lebreton et al. (2017)'s data entered in Eq. (6)
. , . et Jambeck et al.
1. 75 mimion t/year - Lebreton et al. (2017)'s data entered in Eq. (6) 2015
0.41 million t/year - Schmidt et al. (2017)'s data entered in Eq. (6) (2015)

o 79.24 million tons > Geyer et al. (2017) and Jambeck et al. (2015)'s data entered in Eq. (S1)



METHODE: CATEGORISER

* Nous avons répertorié et
catégorisé 22 solutions au
probleme des plastiques

" Nous allons tester au moins
une solution par catégorie
avec le modeéle 10O-SD

ucauon
across the
social-
ecological
system

Location
across the
problem
causal chain

Solution
categories

Examples of solutions

Upstream

Solutions at the source of the problem

Middle solutions

Downstream
End-of-pipe solutions

Awareness raising campaigns and collaborative strategies
(Benkler, 2011; Ostrom, 2010) to encourage households
to reduce waste generation and overconsumption
behaviors in general.

2. Inciting industries to substitute plastic materials with
Avoid and reduce aluminum, glass, bio-plastics, etc.
waste production 3. Nurdle spillage prevention in plastic factories (nurdles are
pre-production microplastic pellets).
4. Fiscal instruments and compulsory legislation to reduce
the amount of packaging.
5. Compulsory legislation to ban micro beads in cosmetics or
in toothpastes, or to ban single-use plastic products, etc.
6. Returnable glass or PET bottle systems.
7. Moving from an economy of ownership to one of service
functionality.
Reuse or repair old |8. Online systems designed to help to share, trade,
products exchange, lend or rent second-hand products between
. neighbors, including plastic products.
Preventive 9. Legislation forbidding planned obsolescence of products.
measures 10. Fiscal rules that favor longer lasting products, etc.
11.Recycling in closed cycles (e.g., recycling of plastic
Recycling bottles, plastic bags, etc.).
12. Legislation for compulsory extended producer
responsibility in the plastic industry.
13. Invest in landfill sealing to avoid plastic waste leakages
| . through rain, waterways or wind, from dumps or open,
mprovement in 2 A :
; uncontrolled landfills, where waste is not suitably
waste collection b
infrastructure contamed. X .
14. Invest in public garbage cans, waste collection system,
awareness raising to reduce littering, etc.
Incineration 15. Plastic waste incineration.
Energy recovery 16. Plastic waste incineration with energy cogeneration.
gom‘”s“"g 17. Biodegradable (compostable) plastics made of starch that
iodegradable : s n
: meet standards for biodegradability and compostability.
plastic bottles
18. Collection of plastic debris in oceans, for example the
Restore, e.g., Ocean Cleanup Project (Slat, 2014).
remove plastics 19. Beach cleanups.
Curative from ecosystems 20. River interception techniques before plastic wastes enter
measures the ocean, or filters in water treatment plants, etc.
21. Medical services to cure health impacts due to
Health measures consumption of chemicals in plastic (e.g., Bisphenol-A
and other endocrine disruptors).
Palliative Avertipg behaviors |22. Finall consumers pu_rchasing glas_s bottles instegd of
easUtos to avoid exposure plastic ones, switching from plastic bottles of mineral

to plastic chemicals

water to public tap water. etc.




RESULTATS PRELIMINAIRES

Scenarios 2: mesures environnementales concues pour stabiliser le stock marin de plastiques

BAU
180 (Plastics floating on surface water, in the water
= Les technologies ocean cleanup sont-elles . column, and deposited on the seabed)
écologiquement efficaces et o 190 . 22
économi lausi 4 S e 2.3
quement plausibles ¢ 8 120 |
] - |
» Efficacité: Les plastiques flottant &\a § 90 | 2:5
surface (~250 000 t) constituent une = |
faible proportion du stock total 60 -
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» Plausibilité: —BAU
— ces solution peuvent-elles étre mises en 2.4. Zero plastic litter
ceuvre dans tous les pays (197 pays) ¢ ---2.2. Zero i

—2.3. Waste management & ocean cleanup (cleanup rate 2.3%
2.1. Ocean cleanup for 2020 stabilization (cleanup rate 4.2%)

—2.5. Combined strategy |

— Collecter 58 10°t, est-ce possible?




MARINE POLLUTION

Plastic waste inputs from land into the ocean

Jenna R. Jambeck,'* Roland Geyer,” Chris Wilcox,” Theodore R. Siegler,”*
Miriam Perryman,’ Anthony Andrady,” Ramani Narayan,® Kara Lavender Law’
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Scenarios 4: mesures environnementales plus réalistes de Jambeck et al. (2015, p. 770) BAU
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RESULTATS PRELIMINAIRES

Scenarios 3: mesures “ocean cleanup” congues pour ramener le stock de débris
plastiques sous le niveau de 2010

= Faisabilité économique?

» Co(t total des scénarios 3:

0.7-1.1% PIB mondial
(491-809 milliards €)

= Et la soutenabilité?
> Que se passera-t-il aprés
la phase de cleanup? Les
flux de plastiques vers les
océans continueront de
croitre.

HOW THE
OCEANS

CAN CLEAN
THEMSEILVES

BOYAN SLAT

1 80 (Plastics floating on surface water, in the water
column, and deposited on the seabed)
150
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—BAU
3.1. Ocean cleanup for 25% reduction (Cleanup rate 15.16%)
<—3.2. Ocean cleanup for 50% reduction (Cleanup rate 21.14%)—>

BAU

Scenario 3.2: 154 million

tons removed
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3.2




CONCLUSIONS

" Pour atteindre une réduction

significative des plastiques
dans les océans, recourir a un
seul type de mesure
environnemental sera
insuffisant.

" || faut diversifier les solutions :

Les solutions Upstream et
downstream doivent etre
combinées

Location
across the
social-
ecological
system

Location
across the
problem
causal chain

Solution
categories

Examples of solutions
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Avoid and reduce
waste production

1. Awareness raising campaigns and collaborative strategies
(Benkler. 2014: Ostram 2010} 1o e households
—_to reduce waste generation and overconsumptio

behaviors in general
2. Inciting industries tplastic materials with
aluminum, glass, bio-plasiics, etc.

3. Nurdle spillage prevention in plastic factories (nurdles are
pre-production microplastic pellets).

4. Fiscal instruments and compulsory legislation to reduce
the amount of packaging.

5. Compulsory legislation to ban micro beads in cosmetics or
in toothpastes, or to ban single-use plastic products, etc.

Reuse or repair old

6.C §eturnable glass or PET bottle systems
7. Ip to one of service

functionality.
8. Online systems designed to help to share, trade,

products exchange, lend or rent second-hand products between
P ti neighbors, including plastic products.
reventive 9. Legislation forbidding planned obsolescence of products.
measures 10. Fiscal rules that favor longer lasting products, etc.
11. Recycling in closed cycles (e.g., recycling of plastic
Recvclin bottles, plastic bags, etc.).
yeling 12. Legislation for compulsory extended producer
responsibility in the plastic industry.
13. Invest Q landfill sealing Epavoid plastic waste leakages
. through ramT; or wind, from dumps or open,
Improvement in . . .
waste collection unc?ntrocljled landfills, where waste is not suitably
infrastructure contained. .
14. Invest in public garbage cans, waste collection system,
awareness raising to reduce littering, etc.
Incineration 15. Plastic waste incineration.
Energy recovery 16. Plastic waste incineration with energy cogeneration.
C_ompostlng 17. Biodegradable (compostable) plastics made of starch that
biodegradable . o "
i meet standards for biodegradability and compostability.
plastic bottles
18. Collection of plastic debris in oceans, for example the
Restore, e.g., Ocean Cleanup Project (Sat, 2014).
remove plastics 19. Beach cleanups.
Curative from ecosystems 20. River interception techniques before plastic wastes enter
measures the ocean, or filters in water treatment plants, etc.




CONCLUSIONS

Des principes économiques doivent étre développés/adaptés et simulés & I'aide du modéle
|O-SD pour comprendre comment vaincre les difficultés financiéres, sociales et politiques
des solutions & la contamination plastique des océans:

- Polluter Pays Principle — Principe pollueur payeur
- Extended Producer Responsibility — Responsabilité élargie du producteur

- Shared Environmental Responsibility Principle — Principe de la responsabilité environnementale partagée

The shared environmental responsibility
principle: new developments applied to the case
of marine ecosystems

Joumnal of the
International Input-Output Associotion

M. Cordier, T. Poitelon & W. Hecq

Economic Systems Research
% Routledge | pyblished Online: 20 Sep 2018

Taylor & Francis Group
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APPENDIX




METHOD

SCIENCE ADVANCES | RESEARCH ARTICLE

PLASTICS

Production, use, and fate of all plastics ever made

Roland Geyer,'* Jenna R. Jambeck,” Kara Lavender Law®
Sci. Adv. 2017;3:e1700782 19 July 2017

MARINE POLLUTION

Plastic waste inputs from land into the ocean

Jenna R. Jambeck,'* Roland Geyer,> Chris Wilcox,”> Theodore R. Siegler,*
Miriam Perryman,' Anthony Andrady,” Ramani Narayan,® Kara Lavender Law’

sciencemag.org SCIENCE 13 FEBRUARY 2015 « VOL 347 ISSUE 6223

*= The SD model is designed based on data from
Jambeck et al. (2015) and Geyer et al (2017) :

Jambeck et al. (2015)

Table S1: Annual and cumulative quantities (millions of metric tons (MMT)) of mismanaged
plastic waste and plastic marine debris (assuming three different conversion rates) for 2010-2025.

Mismanaged 15% marine 25% marine  40% marine
Year plastic waste debris debris debris
Jambeck et al. (2015)
— [MMT/year] (MMT) (MMT) (MMT)
s = SRR = s
e, e Jambeck et al. (201 5) 2010 31.9 4.8 8.0 12.7
= 36.5 5.5 9.1 14.6
Waste gen Mismanaged % of total Plastic
Rank Countr Econ. Coastal pop. rateg " % plastic % mismanaged plastic mismanaged marine 41.3 6.2 10.3 16.5
y classif. [millions] [ke/ppd] waste waste waste plastic debris 69.9 10.5 17.5 28.0
g/PP [MMT/year] waste [MMT/year]

|1 China UMI 262.9 110 1 76 8.82 277 1.32-353

|2 Indonesia LMI 187.2 0.52 1 83 3.22 10.1 0.48-1.29

|3 Philippines LMI 834 0.5 15 83 188 5.9 0.28-0.75

4 Vietnam LMI 55.9 079 13 88 1.83 538 0.28-0.73 Geyer et al (2017)

Lo enter the ocean In 2010 5 Sri Lanka LMI 146 51 7 84 159 5.0 Primary production In-use stocks Discarded
ﬂ""?’;_’;‘? 6 Thailand UMl 260 12 12 75 103 3.2 2500 primary 4900
I 10500 7 Egypt LMI 21.8 137 13 69 0.97 3.0 3 )

g:f;:‘; 8 Malaysia UMl 229 152 13 57 0.94 29 4600 S
H 9 Nigeria LMI 275 079 13 83 0.85 27 .
] ‘ . ‘ 10 Bangladesh LI 709 043 8 89 0.79 25 300
oo e s et o] 11 South Africa  UMI 129 20 12 56 063 20 s
12 India LMI 1875 0.34 3 87 0.60 19 Vs o Incinerated
13 Algeria UMI 16.6 12 12 60 052 16 800
14 Turkey UMI 34.0 177 12 18 049 15 100
15 Pakistan LMI 146 0.79 13 88 048 15 Secondary
16 Brazil UMl 747 103 16 11 047 15
17 Burma LI 190 044 17 89 046 14
18+ Morocco LMI 173 146 5 68 031 10 Riayetad
19 North Korea LI 173 0.6 9 90 0.30 10 s
20 United States  HIC 112.9 2.58 13 2 0.28 0.9 \ ; 2
*If considered collectively, coastal European Union countries (23 total) would rank eighteenth on the list \_’ "4
Fig. 2. Global production, use, and fate of polymer resins, synthetic fibers, an(:i additives (1950 to 2015; in million metric tons).




METHOD: THE SYSTEM DYNAMICS (SD) MODEL
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METHOD: THE SYSTEM DYNAMICS (SD) MODEL
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Preventive measures ‘““at-the-source’ solution

Preventive measures “at-the-source’ solution

Measures that could reduce Plastic waste generation:

- Changes in consumption mentalities, e.g., reducing
consumption of goods by a better control on advertisement,
creating a cooperative context instead of individualism with
Y. Benkler (2011) and E. Ostrom (2010) approaches

Measures that could reduce the % Plastic waste in stream:
- Plastic material substitution by aluminum, glass, etc.

Changes in consumption behaviours towards less plastic consumption, e.g., reducing
consumptions of over-packaged products through eco-tax and creating a cooperative

Population growth
rate

Coastal population

Baseline % Plastic
waste in stream

Waste generation

change in coastal
population

9% Plastic waste

Change in waste . stream

generation rate

.y

Tardet ratio 2

context instead of individualism (Yochai Benkler, 2011; Elinore Ostrom, 2010)

Preventive measures “middle’” solution

Measures that could reduce the % Inadequately managed waste:

- Invest in landfill sealing to avoid plastic waste leakages by wind or rains

Baseline %
inadequately

mismanaged was%ear ¢ ratio 1
(]

Curative measures “‘end-of-pipe’ solutions

Measures that could increase the
Fractional clean up rate:

- Developing new technologies

Adjustment time 1

Waste generation ratss

; Plastic waste
generation

_ Baseline waste
generation rate

Adjustement time 3

Target waste
generation rate

% Littered waste

Preventive measures ‘“at-the-source’ solution
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EAN
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cleaning
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smanaged plastic

/.
Baseline fractional
cleanup rate

‘J,f'l“ﬁai’tial plastic waste in

the oceT )

Cleanup rate )

Weight converter
Plastic waste in th Farget fractional
ocean

cleanup rate

Adjustment time 0

Fractional entering

Measures that could reduce Plastic waste littered:

- Awareness rising campaigns, returnable system for plastic and glass bottles

whole tepLonud rate whole

term change

waste

L
Tdle
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