
THE PLASTICS

PARADOX
D r  . C h r  i  s D e A r  m  i  t  t  F I M M M  F R S C C C h e m 

P r  e s i  d e n t  - P h a n t  o m  P l  a s t  i  c s

Realização

:



















CHRIS DEARMITT PHD FRSC FIMMM CCHEM

President - Phantom Plastics LLC 

Phone: +1 601 620 8080

E-mail: chris@phantomplastics.com

Chris is considered one of the top plastic materials experts and problem-solvers in the world, which is why 

companies like HP, Apple, P&G, iRobot, Eaton, Total, and Disney come to him for help.

A deep understanding of materials combined with high creativity  allows Chris to quickly solve even the 

toughest challenges. As one example, he solved a serious production issue that had plagued BASF for 30 

years and cost them millions.

He has also received six open innovation cash prizes, placing him among the top 0.01% of innovators. In 

2016, he published the book Innovation Abyss which reveals the true reasons for innovation failure and the 

proven path to success.

In 2018, Chris was featured on CBSõs 60 Minutes with Scott Pelley as an expert witness in a class-action 

lawsuit related to Marlex mesh plastic implants. He helped thousands of women get settlements. Later 

television appearances include Sky News and the BBC as well as assorted radio and internet  media 

interviews.

In 2020, Dr. DeArmitt published The Plastics Paradox, the first  comprehensive, scientific  overview of 

plastics materials and the environment covering all topics including waste, litter,  microplastics, degradation, 

ocean plastics and more.

Chris has a multitude  of granted patents as well as numerous articles,  book chapters, encyclopedia 

chapters, and conference presentations to his name. He is an award-winning keynote speaker educating 

global audiences on plastic materials science and the environmental effects of plastics.

https://speakerhub.com/speaker/chris -dearmitt -phd-fimmm-frsc

mailto:chris@phantomplastics.com


LIFE CYCLE ANALYSIS

LCA is the only proven way to know what is green

PLAsTICs DIsTRACTION ƅ WHAT Is GREEN?
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GREAT PLAsTICs DIsTRACTION ƅ MICROPLAsTICS

LIFE CYCLE ANALYSIS
òAmong applications for which non-plastic alternatives are used at scale, the 

plastics examined in this paper offer a lower total  GHG contribution 

compared with alternatives in 13 of 14 cases.ó

Grocery bags, wet pet food containers, fresh-meat packaging, hand soap 

bottles,  industrial  drums, municipal sewer pipes, residential water pipes, 

furniture,  automotive fuel tanks, automotive electric -vehicle battery,  pack top 

enclosures, t-shirts, carpet, water cups.

òGHG savings range from 10 to 90 percent, considering both product life 

cycle and impact of use.ó

Á Plastic weighs less

Á Plastic takes less energy to produce

PLAsTICs ARE GREENEST IN >90% OF CASES

Climate Impact of Plastics Report (v2), McKinsey & Company, 2022 - Key: Plastic causes least impact Alternative  causes least impact

PLAsTICs DIsTRACTION ƅ WHAT Is GREEN?



LIFE CYCLE 
ANALYsIs

òSeveral studies have shown many materials used as alternatives  to plastic in packaging, such as cotton,  glass, 

metal or bioplastics, to have significantly  higher CO2 impact or water usage compared to plastic packaging. On 

average over current food packaging, replacing plastic packaging with alternatives,  would increase the weight 

of the packaging by 3.6 times, the energy use by 2.2 times, and the carbon dioxide emissions by 2.7 timesó

N. Voulvoulis et al., Examining Material Evidence ð The Carbon Footprint,  Centre for Environmental Policy, Imperial College London & Veolia UK, ACC, 2019

PLAsTICs DIsTRACTION ƅ WHAT Is GREEN?



LIFE CYCLE ANALYSIS
Plastic greener than other materials
Materials and the Environment: Eco-Informed Material Choice 3rd Edition, Michael F. Ashby, Butterworth -Heinemann / Elsevier, Oxford, page 232, UK, 2021

Container 

Type & Material

Container 

Mass (grams)

Carbon Footprint 

Container (kg/kg)

Carbon Footprint 

per Fluid (g/L)

Recycling Rate 

(Percent)

500ml Cardboard

+ PE + Al + PP
22 3.55 78 0

1L HDPE Bottle 30 2.8 84 8

500ml PET Bottle 25 2.7 135 21

440ml Steel Can 45 2.3 235 42

750ml Glass Bottle 325 0.76 247 24

440ml Aluminium Can 20 12 545 43

PLAsTICs DIsTRACTION ƅ WHAT Is GREEN?



THE GREAT PLAsTICs DIsTRACTION ƅ PIPES

DRINKING WATER PIPE LCA
Plastic pipes are greenest
D. Sanjuan-Delmás et al., Environmental assessment of different  pipelines for drinking water transport and distribution 

network in small to medium cities:  a case from Betanzos, Spain, Journal of Cleaner Production, 66, pp 588-598, 2014
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LIFE CYCLE ANALYSIS
Replacing plastic packaging increases harm

PLAsTICs DIsTRACTION ƅ WHAT Is GREEN?

Product Relative  Impact

Bags x 28 Plastic (PE, PP) Paper Cotton Bioplastic

Packaging x 6 Plastic Paper Glass Metal

Straws x 2 Plastic Paper Glass Metal

Pipes x 13 Plastic (PE, PP, PVC) Copper Iron

Bank notes x 2 Plastic (PP) Cotton-paper

Textiles x 2 Plastic (PET) Cotton

Containers x 5 Plastic (PE, PET) Aluminium Glass Paper

Least impact Higher impact



PLAsTICs DIsTRACTION ƅ OIL

OIL UsE

https:// www.breakthroughfuel.com/blog/crude -oil-barrel

https://elements.visualcapitalist.com/visualizing -the-products-and-fuels-made-from-crude-oil/

Gas Liquids
4%

Kerosene
9%

Gasoline
45%

Diesel
25%

Other
Chemicals, medicines,

plastics 13%

Residual Fuel
2%

Heating Oil
2%

Plastics save more oil than they use

http://www.breakthroughfuel.com/blog/crude-oil-barrel


OIL UsE

Fuel (oil used for energy)

Feedstock (oil used as a raw material)

0

PLAsTICs DIsTRACTION ƅ OIL
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Plastic production requires less total  oil than other materials
N. G. McCrum. C. P. Buckley & C. B. Bucknall, Principles of Polymer Engineering, Oxford University Press, UK, 1988



PLAsTICs DIsTRACTION ƅ GHG

PACKAGING IMPACT

Food Packaging Sustainability - A guide for packaging manufacturers,  food processors, retailers,  political  institutions  & NGOs denkstatt,  2020

Packaging
~3%

Food Production &
Distribution

97%

Share of packaging in 

total  carbon footprint

Butter 0.4 %

Roast beef 0.5 %

Beef cuts 0.6 %

Ham 2-4 %

Cheese 1-3 %

Cucumber 2 %

Eggs 2.5 %

Bread 3 %

Milk 4 %

Beer 4%



PLAsTICs DIsTRACTION ƅ GHG

GREENHOUsE GAS
Plastics reduce GHG

òIn 2007 the estimated use benefits were 5-9 times higher than

the emissions from the production and recovery phases.ó

òIn 2020 the estimated use-benefits could be 9-15 times higher

than the forecast emissions.ó

òSubstitution of plastic products by other materials will  in most 

cases increase the consumption of energy and the emission of 

greenhouse gases.ó

The impact of plastics on life  cycle energy consumption and greenhouse gas emissions in Europe, denkstatt  GmbH, 2010



Is RECYCLING GREEN?

Life Cycle Impacts of Plastic Packaging Compared to Substitutes in the United States and Canada, Franklin Associates for The Plastics Division of the American Chemistry Council, 2018  C. Wong, A Study of Plastic Recycling Supply Chain, University of Hull, 2010

PLAsTICs DIsTRACTION ƅ RECYCLING
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PLAsTIC PACKAGING REPLACEMENTs
Replacing plastic packaging increases harm

PLAsTICs DIsTRACTION ƅ RECYCLING
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Denkstatt The impact of plastic packaging on life  cycle energy consumption and greenhouse gas emissions in Europe, Executive Summary July, 2011



PLAsTICs DIsTRACTION ƅ GHG

CARBON FOOTPRINT & COsT

GREENER MATERIALs TEND TO BE 
CHEAPER AND THEREFORE 
LITTERED MORE & LEss 
ECONOMICALLY ATTRACTIVE TO 
COLLECT AND RECYCLE

Materials and the Environment: Eco-Informed Material Choice 3rd Edition, Michael F. Ashby,

Butterworth -Heinemann / Elsevier, Oxford, page 232, UK, 2021

Material
Footprint 

kg/kg

Price

$/ton

Gold 27,000 67,000,000

Platinum 15,000 30,000,000

Silver 100 800,000

Aluminium 11 2300

Plastic 2-3 1000-2000

Paper 0.7 1000-2000

Wood 0.5 700

Concrete 0.12 60

Limestone 0.02 35





PLAsTICs DIsTRACTION ƅ MATERIALs

MATERIAL UsE Global consumption of materials is 

90 Billion metric tons per year

Global plastics consumption is 

370 Million metric tons per year

Assessing Global Resource Use: A systems approach to resource 

efficiency  and pollution  reduction,  Stefan Bringezu et al., UNEP, 2017

Global plastic production 1950-2019, Published by M. Garside, 

Statista, Dec 11, 2020

PLAsTICs REPREsENT JUsT ~0.4% 
BY WEIGHT AND <1% BY VOLUME 
OF THE MATERIALs WE UsE

Materials and the Environment: Eco-Informed Material Choice, Michael F. Ashby, Butterworth -Heinemann / Elsevier, Oxford, page 18, UK, 2009

Polymers
(dominated by PE, PP, PVC, PET)
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84%



MATERIALS USE & GROWTH

E. Elhacham et al., Global human-made mass exceeds all living biomass, Nature, Vol 588, p442, December 2020

PLAsTICs DIsTRACTION ƅMATERIALS



THE GREAT PLAsTICs DIsTRACTION ƅ WASTE

SOLID MUNICIPAL 
WAsTE

éplastics increased by nearly 84 times from

1960 to 2013 while total  MSW increased only

2.9 times. The increase in plastic waste

generation coincides with a decrease in glass

and metaléó*
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https:// www.epa.gov/facts -and-figures-about-materials-waste-and- 

recycling/national -overview-facts-and-figures-materials

*D. A. Tsiamis, M. Torres, M. J. Castaldi, Role of plastics in decoupling 

municipal solid waste and economic growth in the U.S., Waste Management,

77, 147-155, 2018

ò

http://www.epa.gov/facts-and-figures-about-materials-waste-and-


PLAsTICs DIsTRACTION ƅ WASTE

Hannah Ritchie and Max Roser (2019) - "Plastic Pollutionó - Published online at OurWorldInData.org Retrieved from: 'https://ourworldindata.org/plastic -pollution'



PLAsTICs DIsTRACTION ƅ WASTE

Hannah Ritchie and Max Roser (2019) - "Plastic Pollutionó - Published online at OurWorldInData.org Retrieved from: 'https://ourworldindata.org/plastic -pollution'





ACCESSIBLE BEACH



REMOTE BEACH



PLAsTICs DIsTRACTION ƅ LITTER

BEACH LITTER

PEOPLE, NOT MATERIALs, CAUsE LITTER

òBeach users have been shown to be main contributors  to debris along 

coastal and estuarine shores. The ease of access to a beach is a main factor 

to the number of beach visitors.ó

òOur results also suggest that most debris released into the marine 

environment is deposited locally,  which may be the answer to where all the 

missing plastic is in the ocean. Furthermore, local interventions are likely to 

be most effective  in reducing land-based inputs into the ocean.ó

K. Willis et al., Differentiating  littering,  urban runoff and marine transport as sources of marine debris in coastal & estuarine environments, Nature

Scientific Reports, 7, 44479, 2017

M. C. B. Araújo et al., Anthropogenic Litter  on Beaches With Different  Levels of Development and Use: A Snapshot of a Coast in Pernambuco (Brazil),

Frontiers in Marine Science, 5 (233), 2008



CAUSE

P. W. Schultz et al., Littering  in Context: Personal and Environmental Predictors 

of Littering  Behavior, Environment and Behavior, 45(1), pp 35-59, 2011

EFFECT

Of the 1,962 coded disposals, the most frequent were cigarettes

(N = 340), mixed trash (N = 337), and paper (N = 272).ó

òWhen combined, an estimated 81% of observed littering 

occurred with intent.ó

ò

PLAsTICs DIsTRACTION ƅ LITTER

LITTER
Blaming materials is unjust



PLAsTICs DIsTRACTION ƅ LITTER

MIsPLACED BLAME

LITTER Is CAUsED BY AND sOLVED THROUGH 

HUMAN BEHAVIOUR

Á 8 Billion printed every year for decadesé

Á How many have you seen on the beach?

Á How many on the roadside?

Á How many on the street?



PLAsTICs DIsTRACTION ƅ LITTER

DEGRADABLE LITTER

PAPER LITTERED 2X MORE THAN PLAsTIC

òAs was expected, the PET bottles were littered  less than the Cartocans. Of 

the PET bottles,  2.6% was littered,  while 5.8% of the Cartocans was 

litteredéó

òIn addition to this, 16 of the peel-off closures of the Cartocan were found

littered,  while none of the caps of the PET bottle  were found separately.ó

R. Wever et al., Influence of Packaging Design on Littering  and Waste Behaviour, Packaging Technology and Science, 23, pp 239 -252, 2010





OCEAN LITTER

PEOPLE CAUsE LITTER, NOT MATERIALs

òThe environmental problem of litter,  particularly  regarding plastics, is in one 

sense a local problem that stems from discard behaviorséó

òCorrespondingly, we argue that an effective  way to reduce the impacts of 

plastics and other types of litter  on aquatic systems is to identify 

management strategies that can be employed on local scales to reduce 

inputs.ó

E. Carpenter & S. Wolverton, Plastic litter  in streams: The behavioral archaeology of a pervasive environmental problem,

Applied Geography, 84, pp 93-101, 2017

PLAsTICs DIsTRACTION ƅ LITTER



RIVERS & OCEAN PLAsTIC
òLeakage from waste generation and inadequate disposal on landñi.e., 

mismanaged plastic waste (MPW)ñwas initially  identified  as the main driver 

for plastic discharge to the ocean, with a potential  annual transfer of 4.8 to

12.7 million  metric tons (Mt). Rivers are recognized as the principal
conveyors in this transfer.ó

òOn the basis of an in-depth statistical  reanalysis of updated data on 

microplasticsña size fraction  for which both ocean and river sampling rely 

on equal techniquesñwe demonstrate that current river flux assessments 

are overestimated by two to three orders of magnitude.ó

PLAsTICs FROM RIVERs TO OCEANs 100- 

1000X LEss THAN THOUGHT AT ONLY ~6000 

TONs PER YEAR
L. Weiss et al., The missing ocean plastic sink: Gone with the rivers, Science, 373 (6550), 107-111 2021

J. R. Jambeck et al., Plastic waste inputs from land into the ocean, Science 347, 768ð771, 2015

PLAsTICs DIsTRACTION ƅRIVERS /  OCEANS


