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Roland’s Theory of Change
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Origins and Taxonomy

• 1850s/60s Invention of Cellulloid/Parkesine

• 1907 Invention of Bakelite

• 1920s Polyvinyl Chloride (blended with plasticizers)

• 1930s Nylon 6,6 and 6, Polystyrene, Polyethylene (PE)

• 1940s Polyethylene Terephthalate (PET)

• 1950s Polypropylene, catalytic polymerization of PE

• 1950 Commonly used to mark the begin of mass production
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Production
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No good data prior to our study

Study includes synthetic fibers (polyester, polyamide, acrylic)

Global primary plastics production by polymer
(in million metric tons, or Mt)

2017: 438 Mt

Compound annual growth rate
CAGR (1950-2017): 8.3%

Production of all plastics ever made

7%

14%

50%

Source: Geyer, Jambeck, Lavender Law
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Global primary plastics production by consuming sector
2017:
438 Mt

CAGR (1950-2017): 8.3%

Source: Geyer, Jambeck, Lavender Law

36%

14%

16%
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Use
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European Plastic Demand by Resin Type  

Source: Plastics Europe, excludes fibers
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Plastic waste generation

Household waste generation Plastic content 

USA:      5.7 lbs/person/day 13%
France:  4.2 lbs/person/day 10%
Mexico:  2.7 lbs/person/day 7%



Interdisciplinary Humanities Center – Critical Mass

Waste
Generation

Production

158 Mt
(36%)

71 Mt
(16%)

152Mt
(46%)

14 Mt
(4%)

110 Mt added to
in-use stock

438 Mt primary plastic produced

328 Mt plastic waste generated

Year 2017:

Continued growth in production means that the in-use stock is also growing

328 Mt 

438 Mt
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Fate of plastic waste
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Plastic waste management in the U.S.

Source: U.S. EPA 2018

34.5 million tons

3.1 million tons
Recycling rate: 9.1%

Incineration: 16%
Landfill: 75%
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Source: Consultic

Plastic waste management in Europe 2006-2014

42%

27%
31%

52%

29%

19%



Interdisciplinary Humanities Center – Critical Mass

Source: Conversio Market & Strategy

Plastic waste management in Europe by country
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Plastic waste management in Germany

Source: Plastics Europe 2018

Recycling rate (official number)

Source: Der Spiegel/Henning Wilts, 2019

Recycling rate (estimate from 
German research institute)

17%
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Estimated global recycling, incineration, and discard rates for non-fiber plastics

China

discarded = landfill + dumping/litter
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Generation and fate of annual global total plastic waste (1950-2017, in Mt)

Total (primary and recycled)
Recycled
Incinerated
Discarded

Source: Geyer, Jambeck, Lavender Law
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Cumulative 1950-2017
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Production, use, and fate of all plastics ever made, 1950-2017, in Mt

76% 
discarded

14% 
incinerated

10%
recycled

7,000 Mt of 
plastic waste
generated
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Enough to cover an area the size 
of Argentina ankle deep in plastic.

How much is 9.2 billion metric tons?

900,000

88,000,000

1,200,000,000

Fun fact: Half of the plastic humankind 
ever made was produced since 2004.
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Source: https://earth-plastic-view.de/   2019
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plastic

cement
aluminum

steel
CO2
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Charles Moore 
discovers the Great 
Pacific Garbage Patch

National Academy 
of Science report 
on ocean pollutants

Container with 28,000 
rubber ducks goes 
overboard in the Pacific

Plastic Debris 
Project by California 
Coastal Commission

EPA report Plastic in 
the Oceans: More 
than a litter problem

Global plastic production in million metric tons

Something 
happened right 
around here

1975

2010 - 2012

1987
1992

1997

2006

China passes 
National Sword 
Policy

2017
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Caroline Power, RoatanAlison Teal, Maldives

Wira Suryantala, Bali
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Dan Clark

Christine Figgener



Interdisciplinary Humanities Center – Critical Mass

Facts (science)

Perception (media)

Attitudes 
(public opinion)

Actions 
(individual, 
corporate, public)

Impacts (outcomes)



Interdisciplinary Humanities Center – Critical Mass

What can be done about plastic pollution?

• Remediation

• Beach cleanups

• The Ocean Cleanup

• Pollution Control

• Landfill

• Incineration

• Pollution Prevention

• Source reduction (use less)

• Reuse & recycling (use again)

• Material substitution (use something else)
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What is being done about plastic pollution?



Interdisciplinary Humanities Center – Critical Mass



Interdisciplinary Humanities Center – Critical Mass

European Strategy for Plastics 
in a Circular Economy

and

Single-Use Plastics Directive

Measures:
• Ban on selected items
• Measures to reduce consumption
• Extended producer responsibility schemes
• Collection targets

(AB 1080 / SB 54) California Circular 
Economy and Plastic Pollution Reduction Act 

Stalled

75% of single-use packaging and products 
sold in California source-reduced, recyclable, 
or compostable by 2030

AB 792 passed
Progressive recycled content mandate for 
plastic beverage containers (50% by 2030)

AB 1884 signed
Single-use plastic straws only upon request
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Ross Mantle for The New York Times

Shell is currently building a 1 million ton per year polyethylene plant in Monaca, PA 

“Petrochemicals are rapidly becoming the largest driver of global oil consumption.”
International Energy Agency, 2018

“The entire plastics sector will account for 20% of total oil consumption by 2050.”
World Economic Forum, 2016



Interdisciplinary Humanities Center – Critical Mass

Historical and projected global annual plastic production in Mt

2050: 1,100 Mt


