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What we Know: Plastic is produced a lot
A major fraction of marine debris is plastic.
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A LIFETIME OF 
PLASTIC
The first plastics made 
from fossil fuels are just 
over a century old.They 
came into widespread 
use after World War II 
and are found today in 
everything from cars to 
medical devices to food 
packaging. Their useful 
lifetime varies. Once 
disposed of, they break 
down into smaller 
fragments that linger for 
centuries.
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400 million tons (Mt)

448 Mt in 2015

161Mt < 6 months

Average use-time: 
5 years

Build.+Const.:       72 Mt, 35 yrs

Industrial mach.:     3 Mt, 20 yrs

Transportation:      30 Mt, 13 yrs

Electrical:              19 Mt, 8 yrs

Textiles:                 65 Mt, 5 yrs

Consum. prod.:     46 Mt, 3 yrs

Packaging:          161 Mt, <0.5 yrs}
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The Ethical Challenge
“Longtermism”

What we Don’t Know Well: 
How much plastic has been, and is being, produced? 
How much is used for what? 
How long are use times/residence times? 
How large are the stocks? 
How large will stocks be in the future?
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Environment

Does recycling reduce 
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How long is plastic in 
use?  

Residence times

How long does plastic 
stay in the ocean?
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A stock at time ti is the sum of the stock at time ti-1 plus inflow 
minus outflow 

The inflow into a stock is the same of the fractions of all outflows 
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Distribution of outflows to stocks:

A Stock and Flow Model …

Distribution of 
production to uses

Post use: 
collected as waste or 

recycles

Leakages into 
the environment during 
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A Stock and Flow Model …

Fraction of inflow at time 
i-l released at time i



Long

Ocean:  
green: upper ocean 
blue:   deep ocean

Residence Times:

Short

600

A Stock and Flow Model …

Fraction of inflow at time 
i-l released at time i



Simulations

Three production scenarios:
1. Business as usual: 3% annual increase from 1950 to 2100 
2. Disciplined: 3% annual increase up to 2025,  

                    no increase from 2026 to 2050 
                    -3% change in production from 2050 to 2100 

3. Transformative: 3% annual increase up to 2025,  
                               No new plastic production after 2025

Each scenario run for short and long residence times
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Recommendation: 
•Declare plastic a polluting substance 
•Require registration of all production and use of plastic with realistic rates of leakage into the 
environment 

•Ensure that all plastic used in products can be recovered and recycled 
•Avoid plastic in products with high rates of leakage (e.g., cloths, car tires) 
•Change building codes to avoid as much as possible the use of plastic in construction 
•Ensure that recycling plastic leads to a reduction in the production of new plastic
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