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Abstract
The use of plastic is prevalent in our society due to the increasing amount of new
products entering the market that need some form of packaging that is solid enough yet
disposable. From everything to yogurt containers to diapers, plastic containers are a large
part of our society’s consumption culture and often goes unnoticed . However, people
point to plastic water bottles and containers as the only culprit, and often times forget that
almost all packaging contains some form of plastic . For my thesis I want to examine how
the use of plastics has increased waste material, considering that it takes up about 13
percent of the solid waste material that is collected. I want to research how the plastic
waste is not only affecting wildlife, as seen with many marine animals who ingest the
plastic, but also how there should be changes to plastic recycling . A large misconception
of the use of plastic is that all of it can be recycled . The reality of it is, is that not all
plastics can be recycled because they are each made of different materials and some
cannot be combined. The small number beneath every plastic container identifies which
type of plastic it is, and many of them may not combine . A large bulk of this paper
focuses on the importance of bioplastics, and how facilitating the growth of using
biomass and polymers from natural resources for plastic is a new method for developing
new plastics. I will use information from the EPA, and also from different plastic
municipalities, to look into how plastics are recycled, and what is being done for their
reuse. The three disciplines I plan to use for my research will be environmental history,
environmental economics, and environmental chemistry and public health to explain how
the making of plastics and burning can have harmful effects. Aside from this research, I
will also look into how the media plays a large role in environmental policy because of
the idea that now more plastics are being recycled and so the issue is being taken care of,
and if possible what new technologies can be used to create more sustainable plastics .
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Introduction
Our world is nothing without plastic. From our sewn bed sheets to our next meal,
there is plastic all around us. In the mid-19th century, the obsession with plastic was the
excitement was the fact that it could last forever. Now as times have passed and life asks
to be placed back at the forefront before modernity, the concept of lasting forever is
proving to be a problem in our ecosystems. Plastic is not simply a problem because it is
hard to get rid of; it is also a problem because it itself has toxins and poisons that pose
risks to various animals and humans if ingested. Because of its composition and
dexterity, many plastic resins are often times not able to biodegrade and break down any
more than small confetti pieces. As such, a lot of plastic debris and material ends up
having unintended consequences people never believed could occur, such as leaching
harmful toxins into the substances they encase, or ending up as garbage patches in the
Pacific Gyre. The increased rates over time of several biological disruptions due to these
plastic filters entering the environment is staggering, Although the issue with plastics has
long come into the focus of the media, there has not been an exact explanation as to what
can be done to lessen the impact. The media has always detailed having proper recycling
methods, however, one of the most important factors to lessen the impact of the possible
damages plastics can cause is understanding that not all plastics are recyclable, and that
not all plastics are the same. But how exactly do we get rid of this synthetic choke?
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Chapter 1. Plastics-The Synthetic Choke?
Although there have been a variety of methods in place for recycling and the
reduction of waste, there is still an issue with the amount of plastic waste that is
generated. 32 million tons of plastic waste was generated in 2011, of which only 8% of
that was recovered for recycling.1 The rest which is not recycled often ends up in the
ocean, contributing to the Great Pacific Garbage Patch hurting marine animals and
continuing as non -biodegradable polymers through the ecosystem. New methods have
been developed to counteract the use with plastics made from petroleum and natural gas
resources by instead creating plastics based from plants such as corn and sugarcane .
However despite these new methods, the issue with the plastics already in existence still
remains.
Inside the Container: What are plastics made out of?
Plastics fit primarily into two main categories: thermosets and thermoplastics .
Thermosets are solidified irreversibly when heated and thus cannot be broken down.
Thermoplastics soften when exposed to heat, and are therefore often used more than once
since they can be reshaped. There are seven different resin identification numbers, each
identifying the resin content of the particular plastic. A lot of these plastics have toxic
metals, such as cadmium, lead, and mercury and a plethora of a variety of materials

1

http://www.epa.gov/wastes/conserve/materials/plastics.htm
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which are harmful.2 Downcycling, or using materials which were once never thought to
have a use again, such as let’s say plastic soda bottles, are now being used to create new
materials, such as rugs or carpets. Although that sounds like a good way to reuse
material, the amount of waste generated to actually produce this carpet from this
supposed “recycled” material produces almost the same amount of waste than producing
a whole new product.3
It has well been known that plastics cause a variety of health issues because of
their lack of degradation and of eventual ingestion by both animals and humans. It has
well been known about the effects of Bisphenol A (BPA) on children and on animals, and
how there is a possibility that it effects female reproduction, and also can lead to a variety
of cancers. However, it is sometimes difficult to get regulatory bodies to actually do
anything about these particular issues. In 1976, The Toxic Substances Control Act was
passed, however it did not require manufacturers to show what chemicals are used in
their products which are safe in the market . As such, it is difficult to tell exactly what
chemicals are affecting people. “As animal studies began to show links between the
chemicals and certain cancers and diseases, such as breast and prostate cancer, earlyonset puberty, and polycystic ovary syndrome, consumer groups pressured manufacturers
of reusable plastic containers, like Nalgene, to remove BPA from their products”.4
“Release of hazardous substances, for example, phthalates, brominated flame retardants,
2

Ibid.
McDonough, William, and Michael Braungart. 2009. Cradle to Cradle: remaking the way we make things.
London: Vintage.
4
Jerome Groopman, “The Plastic Panic: How worried should we be about everyday chemicals?” The New
Yorker (2010)
3
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bisphenol A, formaldehyde, acetaldehyde, 4-nonylphenol, and many volatile organic
compounds, from plastic products has been shown by chemical analysis .” 5Despite these
removals, studying environmental hazards are a bit difficult to follow since they have a
variety of effects on the body. Many of these chemicals that are found in plastics and
other materials affect fetuses and newborns who many not yet have fully developed
systems and therefore lack the functional enzymes that break down these chemicals that
affect them.
As there may be a plethora of biological dysfunctions that may occur from the
chemicals that arise from the plastics in certain materials we may use, there is also the
concern that some of these chemicals are also found in household products, not solely
plastic containers. However, for the purposes of this paper, plastic components are of the
main importance, so I will touch upon the chemical composition of plastics . Some
products, like phthalate plasticizers and polybrominated diphenyl ether (PBDE) flame
retardants have been known to cause health effects on both humans and animals, as well
as other organisms.6 Let’s continue on our talk of Bispehnol- A. BPA originates from
polycarbonate containers and epoxy resins. Epoxy is known as a class of reactive
polymers through which when combined with other co-reactants creates hardeners,

5

Lithner, Delilah, Ildikó Nordensvan, and Göran Dave. 2012. "Comparative acute toxicity of leachates
from plastic products made of polypropylene, polyethylene, PVC, acrylonitrile-butadiene-styrene, and
epoxy to Daphnia magna." Environmental Science & Pollution Research 19, no. 5: 1763-1772.
Environment Complete, EBSCOhost (accessed May 7, 2014).
6
Evan Beach, Brian Weeks, Rebecca Stern, and Paul Anastas “Plastic Additives and Green Chemistry”
Pure Applied Chemistry
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adhesives, and reinforced plastic.7 ,

Figure: BPA Compound

Figure: Unsafe levels of BPA in Canned Foods, (Source listed below image.)

They typically act as a “protective lining on the inside of metal-based food and beverage
cans”.8As such, BPA has a lot of characteristics which enable it to become dangerous in
amassed quantities in the body. BPA is a fat soluble substance which participates in
bioaccumulation through the system. This features allows it to travel through the food
7

Georgescu, Bogdan, and Carmen E. Georgescu. 2013. "Bisphenol A levels in commercial milk, infant
formula and dairy products." Animal Biology & Animal Husbandry 5, no. 2: 171-174. Academic Search
Complete, EBSCOhost (accessed February 17, 2014).
8

www.fda.gov
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chain through food containers which package many of our foods. Food is the largest way
in which people get BPA contamination. Dependent on the temperatures it is exposed to,
BPA can leach from containers if the temperature is above 50 degrees Celsius, and for
this reason it rapidly dissolves in dairy products. An analysis of canned liquid formula
that was stored for ten months showed BPA migration in around half the sample,
showing that a lot of the containers which encase baby formulas may actually be
dangerous. However, the issue of leaching from polycarbonate containers into the
substance it contains is difficult to express because it often times happens over time for
any concrete data to be given.
In animals, BPA can affect them as much to have delayed breeding and hormonal
issues. In humans, BPA is known not only to be an endocrine disruptor but, also an
estrogen receptor, glucocorticoid receptor, and a thyroid hormone receptor .
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Figure: Endocrine disrupting chemicals acting as hormone receptors. Source: Ministry of the Environment

It acts as a disruptor by binding to the receptor and acting like a hormone. It is also
considered a major contributor to several pathologies, such as cancer, obesity and even
diabetes. But like previously mentioned, there is no direct link, only certain trends .9
However as it is well known, BPA is not the only toxin. “Global plastic resin
consumption occurs on the scale of hundreds of millions of metric tons, and the
corresponding demands for additives is about 5%by weight of all plastics products
manufactured in a year.”10 In Europe, PVC made around about 80% of plastic use and in
places like Asia and other developing nations. In those areas, production has doubled,
9

Georgescu, Bogdan, and Carmen E. Georgescu. 2013. "Bisphenol A levels in commercial milk, infant
formula and dairy products." Animal Biology & Animal Husbandry 5, no. 2: 171-174. Academic Search
Complete, EBSCOhost (accessed February 17, 2014).
Evan Beach, Brian Weeks, Rebecca Stern, and Paul Anastas “Plastic Additives and Green Chemistry”
Pure Applied Chemistry
10
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from around 20 million to 50 million in only 20 years.11 As such, the production of these
plastics will increase, and the toxins that can enter the body will increase . In reality, a lot
of these additives and plastics ranging from flame retardants to BPA—have served the
purpose of making plastics more durable and longer lasting, but they key issue now is
finding new innovative ways of deferring the damage done to populations. The
economics section of this paper will enter at length the various issues with combating this
problem in reference to economic development and sustainability.
Aside from some of the effects plastic components have on human health, there
are also other habitats and ecosystems which are affected, such as the Pacific Gyre, also
known as the Great Pacific Garbage Patch. Research on the North Pacific Ocean
subtropical Gyre started in 2009 by a group of students led by the Scripps Environmental
Accumulation of Plastic Expedition (SEAPLEX) program. The research focused on
particles of plastic, which in the past 40 years has increased about 100 times. As such, a
lot of marine habitats are being affected by the bits of plastic which are floating around in
the ocean.12 There is an estimate that marine animals in the area ingest around 12,000 to
24,000 tons of plastic per year. There is a large fear that the plastic will do worse than
simply just be in the ocean and entangle and be ingested by marine animals, but that these
plastic confetti-like pieces will act as magnets for toxins which may be present in the
water, such as DDT absorbing the present concentrations of those plastics from around

11

Ibid.
2012. "Plastic Trash Altering Ocean Habitats." Science Teacher 79, no. 5: 22-24. Education Research
Complete, EBSCOhost
12
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one hundred to a million times that of the toxin originally in the water.13 This means that
organisms that ingest the plastic are in turn eaten by fish, which then may be eaten by
humans—circulating the toxins throughout the system, and magnifying the poison. The
gyre has been created from air moving from the tropics towards the polar regions and the
plastic accumulates as a garbage patch in the open ocean. Charles Moore, a researcher
who went out to study the garbage patch, found that the weight of the material found in
the Pacific Gyre weighed close to around 3 million tons.14 According to Moore, “there
are six pounds of plastic floating in the North Pacific tropical gyre for every pound of
naturally occurring zooplankton.”15 Meaning that there is a large amount of plastic
floating around in the ocean.
Chris Jordan, a photographer, has captured the devastating effects plastic has had
on the marine environment by photographing the albatross, a large seabird, which has
largely fallen prey to consuming mass amounts of discarded plastic waste in the ocean .
As such, many albatross carcasses are found with an array of plastic material inside their
bellies. The treatment is inhumane, even though it is indirectly being done towards
marine animals.16 More plastic should not end up in the ocean, and stronger efforts
should be made to clear out the already existing garbage that circles there .
This is my main interest in environmental studies and environmental health, and it
is mainly how people deal with the toxins in their environment, and how companies and
Michele Paccagnini “The Bottling Craze: Exposing the Environmental Effects of Bottled vs. Tap Water
Charles Moore, “Trashed: Across the Pacific Ocean, Plastics, Plastics Everywhere”
15
Ibid.
16
Chris Jordan, “Midway: Message from the Gyre”, 2009
13
14
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regulatory bodies act towards dealing with those issues. Many people do not actually
know about the composition of plastics, and are thinking that they are doing a favor by
recycling—yet little do they know of the possible effects that can occur .

Chapter 2. History: From Clays to Plastic-How It All Came to Be
Our plastic culture relates to our fossil fuel/oil based economy in the sense that
plastics are made from oil. The versatility of being able to use oil to make plastics is an
issue that is often underseen, because if oil usage is reduced, how will plastics be
manufactured? People are often times skeptical of things that are different from the norm.
Plastics first came into the historical picture in the late 19th to early 20th century with the
discovery of different polymers which had a variety of textures and uses . Corn plastic, or
plastic derived from corn, degrades within weeks into water and carbon dioxide if it were
in a landfill—but due to those same characteristics, people become weary of its ability to
actually function as a container. In this section I will look at the history of how the
making of plastics started out as a discovery for something more durable, to something
that has now ended up being a disaster to our environment .
Before we get to the details on how plastic is used in modernity, let’s first look at
a basic outline of how plastic came to be in the United States, and why it was and still
remains a product that is found nearly everywhere. In the 1860’s, John Wesley Hyatt and
his brother patented a material called cellulose nitrate, which is easily moldable and was
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found to be the first material to replace the usage of ivory.17 Following that discovery,
formaldehyde resins were used in combination with casein, a milk protein to make a
white chalkboard. Quickly after that, formaldehyde was reacted with other materials to
make moldings, adhesives, and textile finishings.18 Slowly but surely, modern plastics
started to make their debut, mainly in the 1930’s and 40s with World War II increasing
the demand for plastics as substitutes for products that may have been short in supply,
such as natural rubber. Increasingly after World War II, there was a large development of
many plastics such as polypropylene and high density polyethylene which began to
increase the demand and decrease the price of many of these products . These new
plastics even decreased the demand of some more traditionally used materials, such as
wood, metal, and leather.19 This brief outline is not even the beginning of many of the
inventions and combinations that came forth from this new production of plastic--absolutely every object we use today—from the automobile to a school desk, has some
form of plastic in its making, and every product has its own story to tell.
In the automotive industry, the need for plastics may actually be applauded
because it serves to open new opportunities for design and manufacturing new vehicles.
New technologies allow for more “plastic innovation” which allows more freedom for car
designers. 20 Most manufacturers have been working towards changing the material of the
body of the car in order to reduce fuel consumption and mass. As such, plastic
17

www.Plasticsindustry.org
Ibid.
19
Ibid.
20
SOLTICZKY, József, and István BÍRÓ. 2013. "MOTOR-CAR INDUSTRY AS THE MAIN
MOTIVATION OF PLASTIC-INNOVATION." Acta Technica Corvininesis - Bulletin Of Engineering 6,
no. 4: 27-30. Academic Search Complete, EBSCOhost
18
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composites have become alternatives to steel in the reduction of mass. It is argued that
“the plastic industrial innovations enable the application of plastic not only for decorating
elements and high heat and mechanical loaded elements in the engine space” 21 which
means that plastic is in cars from everywhere from the foamy plastic seats to the
transparent headlights and rear lights. Certain car models for example follow this new
trend.
In many ways, it is difficult to counteract what is occurring with this
manufacturing because it is seen as something that is being done with the best intention.
That is, the reason plastic is being used as opposed to steel is to reduce mass and
therefore following to reduce fuel consumption and emissions. But how can this mindset
be reverted and economics be more closely tied to the environment as opposed to against
it? How can the idea of something lasting forever indestructibly, now be turned over to
lasting an ecologically friendly amount of time so that it can become part of the system
once again?
Thinking back in time, the Industrial Revolution was probably one of the largest
manufacturing boons in our time, bringing forth new innovations and possibilities that
were never possible before. However, all of that innovation came with a price, leaving
much of the environment in ruins by diastrously damaging the natural capital in stock.
Natural capital refers to all of the sources used by humans, including all living systems
and resources which inhabit the planet.22

21
22

Ibid.
Paul Hawken, “ The Next Industrial Revolution”, Chapter 1 Natural Capitalism
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Figure: Miller, Living in the Environment, Chapter 1

While other supplies that have fueled the industrial revolution are reaching a new
low, natural capital is once again becoming one of the important sources to be useed for
energy, however, those sources have been much depleted with the strain placed on these
systems. Hawken clearly stated it in his book Natural Capitalism , “humankind has
inherited a 3.8 billion-year store of natural capital. At present rates of use and
degradation, there will be little left by the end of the next century.” 23 What will we have
left to depend on? Despite the fact that some of the materials we have made are created to

23

Paul Hawken, Chapter 1 “The Next Industrial Revolution” in Natural Capitalism
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last forever, there is only so much benefit one can receive from a plastic tupperware after
the first couple of years. After all, our society thrives on new consumption and new
products to provide us with the incentive of having more forever and ever.In essence,
before we tried to emulate nature, while recently we have been encapsulating it, only to
realize that we do not have control over nature as we once may have believed.
As previously mentioned during the beginning of this chapter, a myriad of new
products were being created and sold under the prospect of being “durable” and “lasting .
forever.” Everything from women’s stockings made of nylon and other polymers to
plastic combs being the most durable products around. It has been seen throughout
history that new products will always invade the market and be followed by massive
amounts of other competing sources that wish to make a profit. The target here is not
only the companies that produce these plastics, but also the public consumers who
purchase these products and may be unaware of the consequences. Technological
advances always bring forth a variety of consequences, and in the case of plastic, the
ability to have a material that was resistant was excellent—both because it served as a
good household product and because it bettered transportation (with sturdier windows
and bullet-proof glass) and to even secure pressure helmets which were used for astronaut
suits (which, let’s not forget the 1950’s onward and the importance of the ideological war
and space race between the Soviet Union and the US). So of course plastic innovation
was essential to prove that the US was able to have innovations in something as simple as
plastic.
Essentially, there needs to be a shift in mindset the same way there was a shift in
fighting an ideological war (although some may argue that we still have these ideological
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wars). I discuss the paradigm shift more thoroughly towards the end of chapter four. To
sum up, the history of plastics has really been a tell-tale story of how plastic grew out of
natural processes and then transformed into a solely synthetic monster. As with every
absolute direction, there is now the need to revert back to the older methods of making
plastics to find a more sustainable method of production and use and to integrate that into
our current economic model.

Chapter 3. Economics
The Economy of Plastics-Why It’s So Hard To Get Rid of Them

Figure: PVC Consumption Per Capita,
Source: Plastic Additives and Green Chemistry

Despite the ample amount of evidence available explaining why plastics are
hazardous to human health and the environment, it is still a material well-engrained in
our consumer culture. Not only are plastics used in everyday household items, plastics
can also be found in vehicles, furniture, and even buildings. With the large amount of
items we consume on a daily basis, we need to reinvent the way we use materials and
make them. Paul Hawken highlights how “applying the same economic logic that drove
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the industrial revolution to this newly emerging pattern of scarcity implies that, if there is
to be prosperity in the future, society must make use of its resources vastly more
productive—deriving, four, ten, or a hundred times as much benefit for each unit of
energy…”24 Therefore, every single producer or source of production should focus on
becoming more sustainable and environmentally friendly in the most energy efficient
way possible. That is, even if you’re “downcycling” it should be done in a manner that
wastes potentially less energy, not more. The real question is, what can we possibly do to
get rid of plastics in its entirety to better the planet? How can we reduce production
significantly? Hawken outlines in his book that there is a “critical difference between
industrial and biological processes [because] […] industrial systems, in contrast, have
largely ignored environmental feedback” 25 Before explaining the specific economics of
plastic, first let’s discuss the economics surrounding the modern world, and also the
natural world around it . However, we have long disregarded the natural world around us
due to the burgeoning economics and push of the consumer culture . However, what
Hawken calls, “natural capitalism” explains that there is a more interdependent
relationship between production, human made capital, and the natural resources around
it.26
Interdependent relationships are also created through the relationship between
buyers and sellers. However, there has always been disagreement whether or not there
can be a balance between maintaining natural capital and economic growth. History has

24

Paul Hawken, Chapter 1, “The Next Industrial Revolution” in Natural Capitalism
Ibid. Chapter 3, “Waste Not”
26
Ibid. Chapter 1 “The Next Industrial Revolution”
25
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seemingly told us otherwise. For neoclassical economists, the earth’s natural capital is
seen as a system that is part of the human economic system and not something in and of
itself. It views natural resources as essentially limitless because there are always
replacements for certain energy sources if one runs out. Ecological economists (mostly
known now as environmental economists) believe that there are no substitutes for air,
water, and other life sustaining systems we depend on. In reality, we are living beyond
our ecological means and have to do something rapidly. There are three basic models
ecological economists follow. The first is governed by the idea that resources are limited
and there is no replacement for them. The second encourages environmentally friendly
establishments for development, and the third proposes that all unintended consequences
or effects of goods and services should include full-cost pricing so that the cost of
harmful environmental practices could be included in prices. However, it seems as
though economic models and businesses are completely against these ideals.
In order to bridge this gap, the idea of a non-use value or placing a monetary
value on an object that cannot have a price, such as a redwood forest or an endangered
species, places value on these particular things solely because they are in existence and
because their aesthetic brings some form of holistic-ness or peace of mind to a group. In
other words, the value is assessed individually, but due to the high destruction, it is given
a value solely because it exists, not because it may necessarily provide any profit. So at
what cost are these natural resources being depleted? Environmental economists look at
how much value a particular environmental good will have in the future whether it has
use or non-use value. The discount rate is what is normally used to estimate the
resource’s future value. This rate functions under the premise that things in the future
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may not have the same value as they have today. There are different arguing economic
ideas, with some believing that having a higher interest rate encourages a more rapid
destruction of the environment while a low one reinforces the equality of all generations
to protect what is left.27
In many cases, ethical reasons as to why the environment should be more
carefully protected come into play, especially when dealing with emissions and pollution.
A total cleanup of all of the pollution in any one area is nearly impossible, and the reality
is that most of the pollution affecting one site may well come from hundreds of miles
upwind—making it very difficult to find the culprit. In terms of regulating pollution,
cost-benefit analyses are done to determine whether or not it is economically viable for a
company to implement any form of regulation for a cleanup or for some increased
resource use. While it is useful, it does leave room for many uncertainties and mistakes
which can be made when calculating values.
There are all sorts of costs that go into a resource or a product, not only the costs
of purchasing the product itself. While that is a known tenant amongst economics, there
are all sorts of hidden and indirect costs that are associated with the creation of the
product which can have merciless consequences, be they air pollution, water pollution, or
the degradation of essential lands. Full-cost pricing would be able to reduce the resource
depletion that is occurring and it would be able to decrease the purchases of products
such as plastic which have such damaging effects to the environment. Many businesses
already receive subsidies and tax breaks in order to continue to make profits at the

Lawrence H. Goulder and Robert N. Stavins, “Discounting: An Eye on the Future” Nature Publishing
Group, 2002.
27
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expense of some natural resources.28 In retrospect, all businesses should move towards a
more ecological sound and sustainable approach and replacing a high throughput
approach with a low throughput approach that controls population growth, reduces
poverty, and wastes less energy. 29 Essentially what is being sought out is a balance
between economics and the environment where a happy medium could be found.
If this is known, then why has it been so difficult to find better ways to implement
natural capital as opposed to destroying it? The reality of it is, is that it is difficult to put a
price and assigning value to natural capital. There can be no assigned value to the oxygen
plants release.
Capitalism, as it is known is an unsustainable business system because it
completely ignores the value of the land. Hawken states it almost perfectly, by saying
“the past two hundred years of massive growth in prosperity and manufactured capital
have been accompanied by a prodigious body of economic theory, analyzing it, all based
on the fallacy that natural and human capital have little value as compared to final
output.”30 For years this has been the permanent viewpoint, and it has in many ways
succeeded. After all, how else would society function to support the amount of people
arriving on the planet on a daily basis? So an economy based on labor productivity was
created, to thus maintain the growing population. With human population increasing, the

28

Peter Passell, Economic Scene; Cleaning the environment gets harder, but there are solutions. Pub. Jan.
05, 1995
29
Tarnawska, Katarzyna. 2013. "ECO-INNOVATIONS - TOOLS FOR THE TRANSITION TO GREEN
ECONOMY." Economics & Management 18, no. 4: 735-743. Business Source Complete, EBSCOhost
(accessed February 24, 2014).
30
Ibid.
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strain on other life forms on the planet, ultimately destroying the ecosystemic balance
that should be in place.
If capitalism was reformed surrounding living systems, the environment would
not merely be a backdrop in all of the processes that went on, it would be a key player in
determining whether projects should be funded and if certain business methods were
sustainable. Aside from that, the new economic model would surround itself around the
idea of human social welfare, as opposed to just maximizing profits. This suggests that
humans are just as an important part of the ecosystem as any other specie—and money
does not play the largest role in that. Hawken introduces four new methods which can
institute natural capitalism in order to avoid scarcity and increase productivity. First,
there would have to be an increase in resource productivity, because it would slow
resource depletion and allow for the usage of such resources on a more reasonable scale.
In short, it means obtaining the same amount of work from a product while using less
energy. This will include a moderation of a lot of the systems that are already in place,
such as in manufacturing, construction, mining, and other industrial sectors. The second
method would be through biomimicry, which would be to eliminate waste and would
reinforce the idea of cycling everything that goes through the system and reusing
everything—therefore completely eliminating waste, and eliminating issues such as
plastic waste (because none of what is produced would ever go to waste) . The third
method would be a service and flow economy, which would change the relationship
between the producer and the consumer, meaning that there is a better relationship with
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the quality of products as opposed to the quantity, and it focuses more on value rather
than having the customer consume more. The fourth and last method is to invest in
natural capital, and it works towards reinvesting in sustainable systems as to reverse all of
the destruction that has been done to the planet . Through these four methods, the culture
of capitalism can be overturned and there can be a better yield, and a much more
sustainable future.
Following these four new methods for natural capital, we should also follow
nature’s three principles of sustainability, which are based on how the Earth has been
able to sustain itself over 4 billion years. However, the amount of time and damage
humans have been on the planet pales in comparison to how old the Earth actually is—
and it is daunting to think that it continues despite our catastrophic alterations. More has
changed on the planet in the years that we have been here, than the slowly evolving
nature it came from. However, not all change is good, and anthropocentric alterations
have damaged the planet. Despite this, the Earth has sustained itself up until now through
the use of solar energy, chemical cycling, and biodiversity. 31 Although rather broad, these
three features are essential for promoting the importance of natural capitalism. The
reliance on solar energy has a variety of benefits, from photosynthesis in plants to
indirect methods of energy such as powering wind or flowing water. Chemical cycling,
which is also known as nutrient cycling, focuses on the circulation of all materials
throughout the system, meaning any food substance that is digested and then excreted by
organisms goes back to the earth, decomposers and bacteria use the material and are able
31
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to fertilize the soil, etc. With this method, there is no idea of waste, because everything is
recycled and reused. The third and final method of sustainability practiced by the planet
is biodiversity. Having biodiversity allows for a variety of different species to thrive
under different conditions despite environmental changes. If some environmental
catastrophe were to occur, and an entire species was killed, a potential needed organism
is now not in the ecosystem—potentially damaging the equilibrium. Thus, having a
variety in the gene pool allows for diversity in case of a potential wipeout.
William McDonough, author of Cradle to Cradle poses a new idea that involves
the recycling and reusing of all materials throughout the ecosystem, whether they be
natural resources or produced ones. This system focuses not only on the production
factor, but also on designing new environments that can also have positive benefits
because it will encourage people to use their environment wisely and promote cycling.
Almost all of the products we use, come from some other source other than its original
form—meaning that it goes through hundreds of systems that spent money, fuel, and
energy. The number of waste generated by Americans is large—roughly around 123 dry
weight pounds of material per day.32 Despite the environments seemingly separate
function from that of civilization, it is actually well intertwined.
With a larger population, there can be no room for unsustainable practices.
However, there are still high poverty rates and high unemployment rates that essentially
ruin the entire system from functioning properly. Where disparities exist there is waste,
because that means that there is an unequal platform for people. Hawken states, “in a
32
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world that is crying out for environmental restoration, more jobs, universal health care,
more educational opportunities, and better and affordable housing, there is no
justification for this waste of people.”33 As such, embracing human capital and making
sure that everyone has a position in society leads to a maximum yield without waste .
Each and every piece is an integral part of how the entire system functions .
In a forum on Energy and Social theory, two authors comment on the experience
of modernity, and how “the ecological sustainability of a culture is dependent on the
inhabited bioregion’s recurring feedback loops, such as weather and soil conditions,
migrations of animals, plant successions and so on. Once industrial civilization has
destroyed these feedback-loops—through creating borders, promoting extinction,
producing climate change and so on—it begins to seem as if the knowledge concerning
ecological sustainability was a fluke.”34 To learn that everything that we have done in our
economy was basically a wrongdoing is difficult to swallow, especially considering that
we would have to unlearn the very way we live our lives.
Chapter 4: Public Health Policy and Education
Greening Plastics the Right Way and Reinventing the Ones We Have
The issue with plastics that are already in existence is so large that there need to
be incentives for reusing those plastics but actually giving them value as opposed to
making other products which are just as invaluable, so instead of downcycling, we should
be upcycling. Aside from that, there should be more regulations as to how these plastics
are made and where they are distributed. If oil companies are being triggered for energy
33
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means, they should also be triggered for some of the things they produce—because the
media is only really portraying one frame of that . As a side, we should also look at
bioplastics, and the hope of creating plastics that can be made not only from plants, but
also maybe out of thin air. A company called Newlight Technologies has claimed to
found a way to extract carbon from air to convert it for substitutes for conventional
plastic methods. Innovative methods like these can be set in place for potential new
plastics to be made. But I do believe that we should first focus on getting rid of the
landfill plastics as opposed to creating more.
In Chapter 1, I discussed some of the issues that can occur in the human body
from plastic particles cycling through the system and potentially ending up in the body.
Connected with that concern is the issue of plastic waste. Almost half of the plastics that
are in the waste stream are in the form of municipal solid waste or MSW. This waste
includes common garbage from homes and businesses and actually only makes up a
small percentage of the total waste stream, but since its collection is highly visible, more
people are aware of it.35 Like many of the statistics I had previously mentioned on
plastics, the numbers are staggering plastics make up about 18% of the volume of the
solid waste and this is excluding organic waste. The majority of the plastics generated
come in the form of packaging, and since a lot of plastics are made in a way that makes
them incredibly durable—a lot of them are around for longer than they are needed.
Managing of these type of wastes is embedded firmly in any environmental
conservationist’s mind. There has to be a more sustainable method for these plastics and
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essentially a limit on how much plastic can be produced or even consumed. A term that is
often times used to refer to this management is source reduction, which relies on the
reducing the amount of a specific material going into the waste stream. However, plastic
has permeated nearly every facet of our society, leaving it almost impossible to the
consumer to try and modify this issue, although the public did force manufacturers to
rethink their packaging strategies after the consensus was that too much plastic was being
used. However, even continued improvements do not change the mortifying truth of
plastic. Plastic grocery bags now use 70% less plastic than they did in the 70s, yet they
are still as dangerous as could be. The idea of reusing plastic has also come under fire,
specifically because many materials are not reusable due to the composition of the
original state which does not allow them to combine with other plastics. But, the general
public does not know much about resin compositions or what combinations can be done
about plastics. They mostly know on what the media has portrayed—that is, the
importance of recycling, lower yields of waste, and purchasing “eco-friendly” products.
Despite the seeming successes of the media portrayal, a lot of it is still in fact,
advertising, and most of it has subliminal messaging that may not always be for the sake
of the environment.
Government legislative bodies, such as the Environmental Protection Agency
(EPA) has a lot of different initiatives in place to try and reduce the impact of plastics and
other forms of waste that are often times problematic. Their website covers a lot of
information on how to recycle plastics, how to eliminate wastes from them, and how to
reuse them wisely. In terms of supporting laws, the EPA works on strategies that will
help prevent the deterioration of the environment by supporting certain bans, like the one
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taxing disposable bags. However, a lot of the decisions made on whether or not things
like plastic bags should be banned are done on a local or state level, and the EPA cannot
entirely oversee the process.
The purpose of organizations such as these is to provide policies and regulations
that can be followed for a more sustainable future. There is essentially a policy lifecycle
which goes from identify the problem to posing plausible solutions to the problem, and
finally seeing if the solution can be implemented. Like previously explained, through
lobbying and other forms of persuasion to push environmental policies to the forefront
are often times used to promote the welfare of the planet. However, sometimes large
corporations have too much influence over these governing powers, and so nothing may
ever get done. It was found that in 2009, “more than 13,700 registered corporate lobbyists
spent $3.49 billion on efforts to influence the 538 members of Congress-an average of
$6.5 million per member.”

Figure:
The Policy Lifecycle, Source: Miller, Living in the Environment, Chapter 24
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Environmental policy functions through individual action which can increase to
reach governmental legislation. Social science shows us that active support of 5-10% of
the population is actually needed in order to facilitate political change.
Environmental groups are often the bringers of bad news, and as such, others who are not
fixated on the environment will often shirk at the information. Scientific evidence and
reports are sometimes even downplayed in the media in order to keep corporate control.
Some groups have shifted their agendas from grassroots work to publicizing scientific
findings and solutions in order to have better legislative implementation.
Environmental Literacy
The attempts to restore society are often times thwarted by different worldviews.
Ethics, lifestyle, and education, largely effect the way a society responds to
environmental problems. Only when a crises occurs do people become mildly alarmed of
the environmental issues that are occurring. There are three different worldviews: the first
one, being planetary management, which expresses that humans are at the center of the
world, and that the rest of nature is there to be managed by humans. The second
worldview is that of stewardship, which maintains that there is an ethical responsibility to
the earth, but that the resources which are on the planet will probably not run out. The
third worldview expresses that we are completely dependent on nature and that all
resources are limited and should not be wasted. It entertains the idea that we will be
successful solely dependent on how the environment is treated. The purpose of describing
these three different worldviews is to show that depending on which one you believe in,
your treatment of the planet may be different. In order to become environmentally
literate, consumers need to become aware of the holistic characteristic we as a species
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have on the planet. We should support natural capital, become aware of our ecological
footprints that devastate the planet on a daily basis, and also become aware of new
sustainable methods for improving the economy all the while trying to maintain and
protect ecological niches. This is not to say that everyone will now revert to older
agrarian societies and become tree huggers—no. This lifestyle change serves to help
people become more aware of the planet as opposed to simply using it for personal gains.
After all, it is the only planet we have.
In fact, what is the attitude of the American public towards the environment? Is it
a positive one? Well, there is no clear answer on that one. Public opinion plays a large
role in the way environmental issues such as the consumption of plastic are dealt with
and managed. Public opinion on a subject usually increases or decreases depending on
how the public perceives the government is addressing a problem. If the public believes
that the government is handling the situation, then they are more likely to be concerned
over an environmental issue. While in the 1970’s environmental protection was a priority,
it has since fallen to the wayside. By 2013, people believed that energy should be just as
much a priority as the environment; meaning that there is a steady concern over the
economy as well.
Since public opinion is dependent on what is going on, the way that information is
presented and processed plays a large role in how people will conceptualize an issue.
Issue framing is the term used to describe the above process. Issues are viewed from a
variety of perspectives and stem from a multiple set of values people might have, and
depending on these values, people will act differently and perceive the issue differently.
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Frames can change dependent on personal views, but they can also be molded by
the provider of the information, be it the media, or a lawmaker. An example can be the
addition of rigid plastics to the recycling list in New York City. The Bloomberg
administration (when it was still in office) felt that the dismally low rates of recycling
were staggering, and that now “hard plastics” could now be recycled. 36

Source:http://www.grownyc.org/recycling/whattorecycle

The purpose of this addition of rigid plastics was to improve the city’s recycling
rate, which had dropped to 15% from an already low 21% in 2001. Previously, the city
only accepted plastics of a certain kind because contractors were unable to separate PET,
and HDPE, and thus mixed plastics were weak. As such, the city hopes to spare 50,000
tons of waste generated by these plastics with new technology which can better separate
plastics by type. After this initial statement, the city planned to embark on campaigns to
increase awareness of recycling and the change. This new change in the city’s policy is
an excellent example of something that can thwart public opinion and collectively help to
ease the situation. However, Bloomberg is no longer the Mayor of New York, and other
problems have now set under way with the new administration. There is a large
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possibility that this policy may just lose its steam if it does not remain in the spotlight
under aggressive campaign management.

Bioplastics: More Plastic but In A New Way
The concern for the large amounts of plastic that are plaguing our environment is
growing. As such, research to find other methods has already been in existence—yet they
are lot harder to implement than their discovery. Bioplastics, or the name for
“biodegradable plastics whose components are derived entirely or almost entirely from
renewable raw materials”37 have previously existed, yet their actual integration into
society’s current consumption model is not easy. Bioplastics mainly commercialized
during the 19th century, where vulcanized forms of natural rubber were being processed
into items like combs and buttons. A variety of other materials emerged from
experimentation, but many failed due to flammability and other issues. However, despite
this early run with bioplastics, they were largely replaced during the early 1900s when
petroleum was used as the main fuel source, although Henry Ford had experimented with
what he called a “soybean plastic” car, which utilized agricultural products in the
manufacturing of automobiles.38 The growing environmental concern in our time has
revived the interest in bioplastics, which is what the entire next section will cover: what
viable methods are available to actually begin the process of creating new bioplastics in
order to meet the consumer demand? The creation of bioplastics can still keep the
economy going, while clean up teams can work on finding solutions towards the plastic
waste issue.
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One material which has well been kept throughout the synthetics and bioplastics
processing is cellophane. Cellophane is derived from cellulose, an organic compound that
is primarily found in the cell wall of plants. Cellophane was largely used in the 1960’s
but was then replaced with plastics such as polypropylene, yet it is still a popular product
in potato chip packaging and cigarette wrappings. There is a range of the biodegradable
period, from one month to six months. 39 Cellulosic plastics can be created through
chemical modification of cellulose, which can then make thermoplastics. While this has
been the use of bioplastics throughout history, there has been a surge of growing interest
and need for bioplastic production in order to decrease the damage plastics have had on
the environment.
Currently there are three types of bioplastic material which is gaining interest in
current plastic production. Nature provides us with many polymers which can actually be
used for the manufacture of many plastics. Starch is an example of a biopolymer which,
when properly combined with other materials which can make favorable conditions for
degradation. There are different “blends” that can be made from starch, including starch
with vinyl alcohol where more than 90% of the “samples degrade in ten months,
according to the measurements of weight loss and carbon dioxide production.”40There are
also many other starch blends, which have been frequently used by manufacturers to
create materials like compost bags, trash bin components, bowls, utensils, and even
straws. Starch material that is left over is then used to make the stuffing “peanuts” that
are often used as packaging material for their resiliency yet biodegradable quality.
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As biodegradable plastics are becoming of interest, there has also been a
resurgence in using soybeans as a material which can be combined with starch and be
considered thermoplastics. Aside from the benefit of deriving material from a natural
source, there is also the possibility that certain starch-protein compositions “satisfy the
nutritional requirements for farm animals. […] Used food containers and serviceware
collected from fast-food restaurants could be pasteurized and turned into animal feed” 41
which is a good way of cycling material through the ecosystem, both natural and
manmade.
Another method which is used in bioplastic production is through a large-scale
fermentation process, which is done through microorganisms. A lot of them work through
a biodegradation process which begins with “bacteria colonizing on the surface and
excreting an extracellular depolymerase enzyme that degrades and solubilizes the
polymer near the cell. Fragments are then absorbed through the cell wall and
mineralized.”42 Many of these plastic components are biodegradable in a variety of
substances, and depending on the conditions may degrade in months like previously
mentioned. Bioplastics that are created through fermentation are considered to have
excellent physical properties, yet their only issue is their high cost.
The final method are bioplastics made from biomolecules. An example is
Poly(lactic acid) which are used for agricultural purposes and also for compost bags,
bottles, yogurt cups, and non-food items such as carpets and towels. Poly(lactic acid) is
also used for biomedical purposes, in areas like developing capsules and other drug
delivery techniques. Depending on the degradability of the plastic component, the
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delivery of a certain medication and the proper administration into the blood stream.
Another use of bioplastics is also used for orthopedic materials for bone regeneration
because of the support of growth and adhesion. Research has shown that the degradable
material “maintains a mechanical integrity while the bone heals itself” 43 Such an
ingenious method for using bioplastics is incredibly innovative, because it provides better
methods for natural cycle processes and also allows for improvement in healing
techniques for medical patients.
What’s Holding Us Back?
While there are many benefits to using bioplastics, the economic aspects of
implementing bioplastics into industry are often responsible for withholding the
possibilities these innovations can provide. Natural abundances of a lot of the materials
used in biomass plastic production is not always an issue with the commercial availability
of a product. For example, the market for starch is about 70 billion pounds a year. With a
lot of these materials, they usually go back to the ecosystem through their natural
processes of decay and are recycled in the environment.44 So the issue is not the
reputability of the materials themselves, it is the processing and mass commercial
development of these products that are typically expensive to carry out. Additionally, this
creates a competitive market against existing conventional plastics industry. “Green
accounting” or as is called the total accounting of implementing a bioplastics industry.
This includes factors such as natural resource depletion, burdens of waste management,

43

Tolinski, Michael. Plastics And Sustainability [Electronic Resource] : Towards A Peaceful Coexistence
Between Bio-Based And Fossil Fuel-Based Plastics
44

Ibid.

Roca 36
and the guarantee of the market of other plastics industries.45 Despite the length of time it
has taken, agricultural materials have slowly become cheaper than oil. Adequate
management and increased societal concern for the resources in our environment can be
intertwined to favor the advantages of bioplastic over any other previously used method.
The Plasticized Green Future
The growing research and incentives to conserve the fragile resources of the
environment have started to pave the way for a future rampant with bioplastic
technology. However, only economic incentives will push for the full use of these new
methods. Only if there is an economic benefit to those who produce raw materials will
the availability of these materials grow. In countries such as the United States and
Europe, there is more restriction on agricultural demand in order to keep it within the
constraints of market demand. If there was an increase in the production there would
simply be a lowering of prices, however if there was a new use put to these materials,
then production would increase.46 It has been considered that “a bioplastics industry
would provide new markets for low-valued biomass commodities, both agricultural and
marine. Under-utilized land would be reactivated and languishing rural areas
revitalized.”47
More and more land is being set aside for development and farmland is being lost.
Stevens argues that increasing biomass production for bioplastics will actually have a
positive consequence despite the environmental costs of increasing agricultural
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production. However it seems that the need for this increased desire of biomass
production will only come to light with the exhaustion of the fossil fuels and materials we
already use.
Biotechnology can be considered a positive approach to the production of
bioplastics. The manipulation of plants will bring on the rise of new biopolymers which
can be used for this production. Transgenic approaches, which are meant to modify
plants in order to produce polyesters have already been tried out. “In 1987, the genes of
the Alcaligenes Eutrophus—now named Ralstoniw Eutropha—which is capable of
producing the polyester PHB, were cloned and inserted into the bacterium Escherichia
Coli, bacterium that normally does not produce PHB.”48 Unsuitable land can be used to
grow nonfood crops and wastes from industrial and agricultural sites can be a source for
feedstocks. Additionally, enzymes are also being used to catalyze some polymerizations;
cancelling out the need for metal catalysts49 and further increasing the use of green
chemistry in these fields.
Despite the broadening array of ideas bioplastics can be used for, there are certain
markets that are more active in using bioplastics than others. Some of these markets are
garbage bags packaging film, some agricultural products (such as mulch, netting for crop
protection), and pet products. Although there have been some incentives to increasing
production of bioplastics amongst the biomedical sectors, it is possibly one of the most
expensive to implement and therefore one of the last to grow in the market.
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Revisiting the Government’s Role
The government has played an active role in diminishing the effect plastics have
on the environment by imposing restrictions on waste management through rules of no
trash dumping into the sea and requiring plastic ring-carriers to be made biodegradable.
The purpose of this legislation is to decrease the lifetimes of certain products and also in
developing new products that will have positive cyclical effects for the environment as
opposed to negative ones. “Ecolabels” to distinguish a products raw material usage have
already been developed, although some of those eco-friendly products can be called into
question where some of these eco products have actually been the result of corporate
frauds looking to make more money from consumer’s gullibility. The stimulation that the
government can and has produced amongst varies industries and the public sphere
through legislation has generated a sufficient notice of the importance of supporting new
technologies.
Even with the government’s role in the public sector and in regulating the
disposal and consumption of these plastics, the private sector is still a major leader in
how the public functions and reacts to certain stimuli. Recently, many companies have
jumped on board the environmental bandwagon after noting that consumers were
becoming more active in the current environmental lingo. Large companies have
predominantly set their focus on “sustainable business” which defined by the United
Nations is considered a “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.” 50 As with most
private sector industries, the purpose is to maximize profits in whichever way possible—
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and if more consumers are looking for environmentally friendly products, they are more
likely to purchase items from a company that claims to function sustainably, regardless of
whether or not that may be true.
Companies’ main goals are to increase their profits regardless of the
consequences that may have. But the reality is that consumers are just as responsible for
the causes of the environmental illiteracy that often times occurs with consumers as are
the companies that produce them. An entire paradigm shift will need to occur from
having products that will last forever to products that will biodegrade and return into the
environmental cycle. Stevens could not have said it better, “in ignoring nature’s way of
building strong materials, we have, for many applications, over engineered our plastics
for stability, with little consideration of their recyclability or ultimate fate, and have
ended up transforming irreplaceable resources into mountains of waste..”51 The truth is,
there needs to be an entire shift from the way things are produced, used, and reused in our
environment, and we need to look into developing new technologies long before the
threat of exhausting petroleum and other non-renewable sources run out—because then
the attempts to restore society were largely futile.
Chapter 5: Conclusion and Policy Recommendations-The Reemergence
Plastic waste and damage to the environment is not a new topic. Creating plastics
and materials out of biomass and polymers from natural sources is also not a new idea.
However, the strong need for shift in the way of production and consumption is now only
a developing, plausible solution. Currently, the 32 million tons of waste generated by
plastics could be largely reduced through the fueling and support of bioplastic
production. However, due to the high cost and ill-supported position bioplastics hold,
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their ability to dominate the plastic market has yet to make its debut. Because
conventional plastics have highly overtaken most of the market, the only way to
introduce bioplastics is through high support and maintenance of facilities that generate
these products.
The reality is that plastic components make up almost everything—from cutlery,
to furniture, to vehicles; to every facet of the consumer culture we hold near and dear.
However, a rapid succession into bioplastics is simply impossible. In order to implement
the use of this material, there needs to be a slow integration with the plastics already
being produced. If completely biodegradable plastics cannot be created as of yet due to
market constraints, it could be partially made to biodegrade. Like in William
McDonough’s Cradle to Cradle, there needs to be an entire paradigm shift to address the
use of plastics. Currently, the cradle to grave approach keeps these plastics around for
centuries without biodegrading, while the cradle to cradle approach emphasizes the
closed loop production where there is no waste and a minimal to no impact on the
environment. Aside from the need of a systematic approach to better production, there
also needs to be an increased awareness by the public. Eco-labeling and green-washing
have been two of the large methods to target consumers who want to minimize the impact
on the environment and so are willing to purchase products from companies that claim to
have a green label on it yet actually do not practice as they preach. As such, consumers
have to become more aware of what they are purchasing and become more
environmentally literate.52
Living more consciously is an essential component of reducing the impact of
plastic waste on the environment and finding more funding for bioplastic production.
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Plastics that are made from natural feedstocks can be used in order to reduce the
dependence on fossil fuels. This is a small start in comparison to the many large scale
products that are being created. And the truth is, plastic is a component in almost
everything, and starting from the very root of the problem can reduce the dependence on
fossil fuel sooner than people may think. If solving environmental issues means starting
from the bottom up, then it is very well possible to get the consumer culture to revert
without even really noticing what is going on. Our society is too far past the point of
completely returning to primordial way of living. Yet, that does not mean we cannot live
simply.
Through innovation and working in conjunction with the natural resources
available, materials and products like bioplastics can continue to get funding and research
for a cleaner, waste-free future. Funding should be provided for new innovations and
projects which support a green economy and a green world. Projects like the “artificial
leaf” developed by Professor Daniel Nocera of Harvard University53 are new and
upcoming ideas which should be funded despite the seemingly difficult and impossible
task of creating the impossible. Nocera’s work involves an artificial leaf as a fuel cell for
energy—not far from what biomass does for plastic consumption. If we can reinvent the
ways in which we use everyday items, then we can reinvent the future and reinvent the
world. While technology has long been seen as a harbinger for the environment, it should
be seen as an innovation for the future. While nothing can be done of the species that
have been affected by the toxic waste of plastic or the air pollution from the incineration
of such wastes, something can be done to improve production and consumption for future
generations. Plastic components have invaded every facet of our society for centuries
53

Jack Hitt, “The Artificial Leaf Is Here. Again.” The New York Times. March 29.2014

Roca 42
now, and it is time that technology and the environment coalesce. In a world of
conflicting lifestyles and views, innovation is key and only through a careful balance
between what has been done and what lies ahead can the environment be restored.
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