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I. Cycles and Systems
As I sit in my study watching fat snowflakes drift past the window, my mind wanders to the
warmer times of summer walking through the protected lands of the Allegheny Land Trust. From
the depths of the woods, it is
easier to feel part of the web of
life that holds all of us. The
forest ecosystem moves in a
succession of interconnected
living things toward a climax
community, the equilibrium
point where the annual
production and import of
resources exactly matches the
annual consumption and export
of resources. It is a selfperpetuating condition where
the living systems are in perfect
harmony with the supporting
physical environment. The ant
and the snail are no less
partners than the mighty maples
or the bear that occupy the
climax community, all are
interconnected and essential for
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sustained balance. Natural
ecosystems progress through a succession unique to each place toward a climax equilibrium. I
wonder how much of the Earth would reach this ideal state absent the perturbations of human
activity?
Human civilization has not grown with a balanced advance toward a climax equilibrium that
natural systems follow. Rather, we have withdrawn massive amounts of raw material from fossil
reserves deep in the Earth and converted that material to trash as rapidly as possible to generate
economic advantage. Worse, the way we compute value and economic benefit excludes the
intrinsic flow of value vested in ecosystems. The global pollution from plastics discarded after a
single use epitomizes the mark of modern society. Wasted material, vested with massive
amounts of resources, pile up on the shores, in landfills, in the ocean, and blows around in
neighborhoods littered with discarded stuff.
The escalation in plastic production came at the end of World War II when industrial capacity
assembled to support the infrastructure and materials of war were facing idleness in the face of

peace. Munitions operations turned from producing explosives and weapons to making fertilizer,
pesticides, herbicides, and plastics. Hyped by the petrochemical industry, markets were created
to absorb the materials diverted from the war effort. “Better living through chemistry” and the
directed marketing of convenience seduced consumers into a rapidly increasing dependency on
throw-away materials. The benefits of plastics were well defined and clearly superior in
performance for many uses, as noted in the OCED Report on global plastics:
“Plastics have a high strength-to-weight ratio, can be easily shaped into a wide variety of forms,
are impermeable to liquids, and are highly resistant to physical and chemical degradation. Plastics
can also be produced at relatively low cost. It is these properties that have led to the substitution
of traditional materials (e.g. concrete, glass, metals, wood, natural fibres, and paper) by plastics in
many applications.” (1)
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https://www.oecd.org/environment/waste/policy-highlights-improvingplastics-management.pdf
What is missing in the design frenzy to develop ever increasing uses for plastics was the need to
dispose of the material created. While the long-lived and durable nature of plastic is suited to
functions such as structural materials, industrial machinery, and infrastructure such as sewer
systems and furniture, the convenience materials designed for single use or short-term packaging
are totally inappropriate for plastics that do not degrade. Packaging and products designed for a
single use now comprise over half of the total plastic produced globally. They may stay in
undegraded form for hundreds of years, sometimes fragmenting into smaller and smaller pieces,
but chemically intact.
Plastics are synthetic materials produced from fossil reserves of oil, coal or natural gas which are
polymerized and processed into materials that are not readily broken down into biological
building blocks by the detrital consumers in the ecosystem. They may become fragmented into

smaller pieces, and even into microparticles that have been absorbed into the food chain,
especially for marine animals. Soil bacteria cannot perform the usual function of breaking down
materials and returning them to the natural cycle to be used as building blocks in biological
systems again. The design criterion for reclaiming used material and returning the components to
the growth cycle was left out!
II. Rethinking Plastic in a Circular System:
Rethinking our ways of material management can open a number of paths to better solutions.
There is much discussion about “Bio-Plastic,” but the term can be confusing. Generally, there are
two major classes of plastics: (2)
- Thermoplastics are a family of plastics that becomes mold- able when heated and hardened
upon cooling. They ac- count for over 90% of the mass of plastics produced.27 The most
commonly encountered thermoplastics are PE, PP, polystyrene (PS), polyvinyl chloride (PVC),
acrylic, nylon, and PET;
- Thermosetting polymers are plastics that have been irreversibly hardened in a way that prevents
melting. Most popular thermosets are used as the matrix in fiberglass, polyurethanes (PUR),
vulcanized rubber, and urea-formaldehyde foam.
- Bio-based plastic polymers are produced from biomass or by living organisms, and they may or
may not be biodegradable.
- It is also possible, but more expensive, to produce biodegradable plastics of petrochemical or
mixed origin.
However, plastic products usually consist not only of the basic polymer but also different often
environmentally damaging additives incorporated into a plastic compound, such as plasticizers,
flame retardants, antioxidants, acid scavengers, light and heat stabilizers, fillers, lubricants,
pigments, antistatic agents, slip compounds, and thermal stabilizers. Depending on the product,
these additives can sometimes account for more than 50% of the mass of the final plastic
product. (3)
Addressing the environmental and social problems that result from the ubiquitous use of nonbiodegradable plastics requires not only a change in material sourcing but also a change in the
way materials are designed and handled throughout the life cycle. We can apply two guiding
principles to this problem.
•
•

First, take precaution in creating materials to consider the entire life cycle of source
supply, production, use and post-consumer fate. How can we prevent environmental,
health, and social harm from plastics?
Second, align the structure and properties of the material to the function intended for the
product. Should we be using a material that has a structural life of hundreds of years for
a product with a useful life of hours?

There are several ways to transform how we develop and use materials made from plastics: (4)
Change product design. Use alternative materials in the place of plastics to reduce the
production, use, and disposal of plastics in the first instance. These plastic replacements can meet
the functional needs for materials in most applications. Some even improve the performance of
traditional synthetic plastics. Many biological materials can be made into products currently

made of fossil-resource based plastics. The list is expanding rapidly as interest in this approach
increases. Here are some important examples. (5)
Olive pits, (Biolive) and sunflower seed hulls (Sustainable Sunflower Plastic
Compound S2PC )– these by-products of olive oil and sunflower oil production can go
directly into the same production facilities that use plastic “nerdles” as feedstock.
According to Biolive, production costs are reduced by up to 90% in relation to some
existing bioplastics. These "green" bioplastic products are 100% biodegradable, GMOfree and can be fully composted at home. Industrial products and food packaging made
from these resources perform better than traditional fossil sourced plastics. They have
been used to produce many products from office furniture, recyclable transport storage
boxes and crates to coffee mugs and plant pots.
Fish processing waste and algae A UK initiative called MarinaTex is using fish skin
and scales – 500,000 tons of which are generated annually in the UK alone – bound with
red algae to make a compostable plastic alternative that can replace single-use plastics
such as bakery bags and sandwich packs. This product, invented by a University of
Sussex student, combines fish scales and red algae as a binder. It is a bio-mimicry
product, compostable with a breakdown time of four to six weeks.
Mushrooms (fungal mycelia) MycoWorks and Ecovative are companies at the forefront
of innovation; they are reimagining our world with products that are “grown” rather than
“machined.”aMycoworks created Reishi, a sustainable, fine mycelium leather substitute
created from a woven cellular microstructure derived from mushrooms. By emulating the
collagen structure of animal leathers, Reishi fine mycelium is both sustainable and
versatile. MycoWorks has taken the water-resistant biomaterial to the next level,
promising the performance, quality and aesthetics of leather or synthetic plastic materials,
but with a negative carbon footprint. (6) Ecovative demonstration project Hy-Fi used
biological technologies combined with cutting-edge computation and engineering to
create new building materials, a new method of bio-design, and a structure that is 100%
grown and 100% compostable. (7)
Bamboo. Many bamboo products are currently in growing demand worldwide to replace
single-use plastics. Everything from cutlery and cutting boards to dishcloths and fine
clothing can be made from bamboo. (8) It flourishes in tropical countries, with a growth
rate in some species of a meter a day- that is almost an inch an hour! It is very versatile
and strong, sometimes labeled “green steel” and has been used for centuries to build
houses and furniture. As a perennial plant in the grass family, it captures carbon and
helps to hold soil. However, as an introduced species, it can become invasive unless
managed properly. Bamboo based TENCEL has been used to produce fabric for clothing
and other uses to great success, however it has performance limits compared to polyester,
acrylic, nylon and, polyamide in the market. (9)
Industrial Hemp. Industrial hemp can be used to make plastics that are also non-toxic,
pesticide-free, recyclable and biodegradable within six months, not to mention both
lighter and 3.5 times stronger than common polypropylene. Hemp requires less than half

the water of corn, sequesters more carbon and grows to maturity quicker. (10) While the
entire hemp plant, including flower, seed, stalk, leaves, and root, has 50,000 different
uses, the stalk can be used for consumer textiles, industrial textiles, paper and building
material. Examples of hemp textiles include woven and knit fabrics, non-woven fiber
mats, yarns, and rope. Fabrics can be made of 100% hemp or blended with other fibers
such as cotton, flax, or silk. Hemp hurd and fibers have found use in several construction
materials, including concrete, insulation, and particleboard. When hemp hurds are
incorporated to lime-based cement, they create a renewably sourced, lightweight, and
insulating building material that can replace concrete and synthetic insulation in some
applications. Hemp stalk materials are also possible replacements for wood chips in
fiberboard and particleboard materials.(11)
Reduce the environmental footprint of plastics. Shifting towards biobased or biodegradable
plastics can reduce the carbon emissions and biological burden from plastic waste. Current GHG
emissions to produce petrochemical polymer packaging for Europe are estimated to range
between 41.5 and 90.1 Mt of CO2e (with a mean across all studies of 56 Mt CO2e), and
estimated GHG emissions from bioplastic substitution range between 17.5 and 80.1 Mt of CO2e
(with a mean of 15 Mt CO2e). (12)
When evaluating the effects of plastic produced from natural gas extracted by hydraulic
fracturing, the environmental impact profile includes the use of large amounts of fresh water
which is removed from circulation by being pumped into the ground deep in the shale
formations. Only a fraction of the water is returned as “produced fluids” which are highly
saturated with brine and extracted contaminants. While most biologically sourced plastics rely on
agriculture, and thus have a water consumption profile, the water used for irrigation remains in
the fresh water cycle and is not heavily contaminated by added chemicals. Biodegradable or
compostable bio-plastics have a much shorter decomposition period.
Develop better waste management systems. Higher waste collection and recycling rates would
allow waste plastics to be captured before they begin creating problems in the natural
environment

Chart: How long do plastics last in the environment? PE = polyethylene; PP =
polypropylene; PET = polyethylene terephthalate; PVC = polyvinylchloride.
Composting typically takes 180–365 days depending on whether it happens in an
industrial composter or a home compost heap. (13)

Only a trivial amount of plastic is recycled and still in use. More than half of the plastic
produced since 1950 remains in the biosphere as discarded material or in a landfill. Some
primary plastic remains in use, 2,500 million tons, embedded in structural materials or products.

The economic system is currently structured to make plastics derived from petrochemicals and
natural gas very cheap. These industries are heavily subsidized, giving plastics derived from
petroleum and natural gas a price advantage over other sourced materials. Global subsidies to oil,
gas and coal industries stands at $250 billion annually, in 2019, declined from the peak subsidy
of $320 Billion in 2013. Conservative estimates put U.S. direct subsidies to the fossil fuel
industry at roughly $20 billion per year. (14)
Tighter environmental regulations have had an effect on plastic recycling, improving the rate of
material recovery from 7% in 1960 to nearly 40% overall in 2010. (15) However, in early 2018,
China banned the import of some plastics and other materials headed for its recycling processors,
creating a backlog of recyclable goods across the globe and leading to countries landfilling
recyclable materials, especially plastics.

Data from U.S. (2010) Municipal Solid Waste Characterization Study: Municipal Solid Waste
Generation, Recycling, and Disposal in the U.S.: Facts and Figures for 2010. EPA-530-F-11005.
While the U.S. has effective recovery systems for some materials such as used auto batteries, a
robust process for post-consumer recovery of reusable materials does not yet exist. In the US
only 29% of recyclable plastic (PET 1 &2) is actually reclaimed.(16)
Clean up and remediate Plastic Waste. Activities, such as beach clean-ups and technology to
collect plastics from oceans, would allow the removal of plastics already in the natural
environment. This is a daunting task, especially once plastics enter the open ocean where
materials are subject to mechanical shredding from the action of waves and the interface with
rocks and sand. It is also the repository of microfibers and very small particles of plastics that
enter the food chain, to the detriment of sea creatures from brine shrimp and plankton to whales,
sea birds and large fish. Plastics thus enter the food chain with unknown long-term effects. There
is no better argument for rethinking how we make, use and discard plastics than the growing
accumulation of plastic waste in the ocean.
III. Build the Regulatory Infrastructure
The invisible hand of the market will not solve the failures of the current system of materials
management. We must move from a linear value chain to a circular one, modeling our supply
sources, production, use and re-use of materials after natural systems. Every stage of the process
has a re-use plan to conserve the materials and the energy and resources embedded in the
products we use. The system in place now is clearly broken, evident from the symptoms of
distress in the accumulations of non-biodegradable trash, the environmental degradation and
health harms from by-products of extraction, production and waste, and the clear destruction of
natural systems.

Linear vs Circular value chain (17)

Remove fossil industry subsidies. The current approach to recycling is narrowly focused on
specific materials – PET plastics #1 and 2, glass, some paper and cardboard, aluminum cans –
where a market advantage can be identified against the expense of virgin materials. But heavy
government subsidies skew the existing markets to favor virgin fossil raw materials. The market
does not reflect the damage to ecosystems and health harms to people from the pollution
attendant to these resource extractive processes. (18) The post-consumer materials have only a
negative salvage value and are viewed as waste.
Separate materials to reclaim. The half-way measures of the existing recycling efforts are not
sufficient to address the serious underlying problems of recapturing value from waste. Solutions
are at hand and readily available. This is not a technology problem but a political problem.
People are increasingly interested in recycling, thus causing a serious amount of contamination
in single stream collection of recyclable materials that cannot be economically separated into the
few segments that have a market. As a result, much more material ends up in landfills.
Establish Manufacturer Responsibility. The climate crisis has increased interest in
conservation and efficiency. But only 26% of Americans live in communities where social
norms encourage recycling.(19) The petrochemical and packaging industries have long
perpetrated the myth that “People start pollution, people can stop it!” (20) Placing the
responsibility for materials recovery and reuse on the consumer is inadequate to this task. The
laws must be put in place to create incentives and disincentives for material recovery, reuse and
reclamation. For example, in states where there is a bottle deposit law, recovery of glass and
plastic bottles increases from the average of 9% to over 85%. (21) Hopeful recycling indicates a
greater degree of public interest and support for effective materials reclamation. National laws
and regulations need to place the responsibility on the manufacturers and producers of materials.
Incentives for designing products to be re-used and materials reclaimed and repurposed can
replace subsidies for fossil extractive industries. Subsidies established in the early days of the
Industrial Revolution still exist to unfairly advantage long-mature industry operations.
Transfering subsidies to emerging and innovative industries that build out the circular materials
market are appropriate and necessary now. The markets for reclaimed and repurposed materials
must be established and supported by effective regulatory support.

Specific Policy Recommendations.
The Office of Environment and Community Development (OECD) made a series of
recommendations to the Governments of G7 countries to address the challenges of global plastic
pollution through the following policy interventions:
•
•

•

•
•

Introduce multiple stream collection systems allowing separated collection of recyclables;
Create incentives for better product and plastics design (e.g. design for reuse and recycling), such
as through better designed extended producer responsibility, product stewardship and depositrefund systems;
Support R&D for improved plastics management systems and the sustainable design of plastics
(more easily recyclable or more easily biodegradable for example), working in close partnership
with industry;
Introduce more ambitious recycling rate targets and harmonisation of the methods used to
calculate these rates; and
Increase stringency of landfill and incineration fees to better reflect the full social cost of these
activities. (22)

Finally, there is a clear need to reflect on the intensity of our use of “stuff” of all kinds. As
Americans, we consume more materials per person, create more waste per person and have a
higher carbon footprint per person than any other people around the world. We must look
critically about what we need, to apply the criterion of value over short term convenience. We
must question the attribute of conspicuous consumption and reflect on the limits of global
resources. If everyone on Earth had the consumption profile of the average American, five and a
half planets Earth would be required.
Make a personal commitment to THINK before you buy anything:
IS this something I will have for a long time, or use once? Is there a way to re-use this? What
will I do with it when I am finished using it? Ask yourself whether you can find a biodegradable
or compostable alternative to single-use plastic materials.
Contact your legislators and urge attention to a national bottle bill, as a place to start. Engage
your community to demand more effective recycling policies.
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