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Polymer Industry

Connection to Sustainability

Sustainability is commonly referred to as the “Triple Bottom Line,” or people, planet and profit. This business
philosophy balances financial considerations with environmental and societal implications. A significant
element of sustainability is the recognition that the Earth’s resources are finite. As the global human
population continues to grow exponentially, the strain on our finite resources will be ever increasing, creating
the need for innovative, sustainable solutions. The concepts of sustainability can be applied broadly to the
polymers industry on many levels.

Paper or Plastic?
While most plastics are petroleum based, they generally offer significant financial, environmental, and societal
benefits compared to traditional materials such as metal, glass and paper:

Lower total energy cost to manufacture and transport.

Light weight (transport, ergonomics)

Energy savings (thermal insulation properties)

Safety (handling, breakage, electrical insulation)

Durability

Design Freedom

Ability to Recycle

Ease of Energy Recovery

“While most plastics are petroleum based, they generally
offer significant financial, environmental, and societal
benefits compared to traditional materials such as metal,
glass and paper.”

The “7 R’s” of Sustainability
Within the plastics world, some advocates have expanded the scope of sustainability concepts to include “7
R’s”. Below are these concepts along with some possible examples:

1. Reduce: down-guage or reduce packaging contents relative to product content; reduce energy
consumption through increased throughputs, process efficiencies, or reduced processing temperatures

2. Reuse: returnable packaging; refillable, reusable products

3. Recycle: reprocessing materials into useful applications at end of useful life

4. Remove: eliminate less environmentally attractive additives and ingredients from product and packaging

5. Renew: manufacture from renewable resources (i.e. plants) rather than depleting finite resources such
as oil, metals, and other materials

6. Read: continual learning and education

7. Revenue: actions need to make financial sense and create economic value for society

This list of considerations highlights the fact that there are many options available to reduce the
environmental footprint and societal impact of plastics through material selection, part design, processing,
packaging, and supply chain considerations. Among these options is the broad class of “biomaterials” or
“biopolymers.”
“...there are many approaches available to reduce the
environmental footprint and societal impact of plastics
through material selection, part design, processing,
packaging, and supply chain considerations.” Renewable
or Bio-based materials are an emerging consideration.



Biopolymers: Historical View and Trends
It is important to note that many large companies have made significant financial investments in the
biopolymer field with little or no return. However, the dynamics of the market have changed considerably. As a
result, virtually every large chemical and agricultural company has embraced the idea of biomaterials and is
making investments in this area.
Many large companies have made significant financial
investments in the biopolymer field with little or no
return to date, yet interest and investments continue to
accelerate as market drivers evolve.

In addition, the following fundamental shifts are occurring from:

Chemical companies only to Agriculture companies as well

Biodegradablity only to Bio-Derived / renewable content

Disposables only to Durables applications as well
Biomaterials

The concept of biomaterials encompasses a broad range of technologies:

e Biodegradable Polymers — While with time microbes can attack all polymers, biodegradable polymers
are consumed by microbes under the proper conditions, leaving only carbon dioxide, water and biomass.
Biodegradablity is a relatively complex discussion and most appropriate for short-lived, disposable
products. Biodegradable polymers can be produced from both biomass (agricultural sources) and oil
(petroleum feedstocks). However, any claims for biodegradablity need to define the environment and
conditions (marine, soil, compost, home compost) under which the material will actually breakdown.

* Bio-Based or Bio-Derived Polymers are derived from natural, renewable resources such as corn, soy,
potatoes, and sugar cane, rather than petoleum feedstocks. Most, though not all, are biodegradable.

e Partially Bio-Derived Polymers are only partially derived from renewable sources. Their composition does
not allow for 100% renewable content. For example, some co-polymers or polymer blends have only one
component derived from bio-based resources.

e Bio-Fillers and Fibers — Both traditional petroleum-based and bio-based polymers can be filled with
renewable or bio-based fillers such as flax fibers, wood flour, cellulose, starch and others.

e Bio-Content or Renewable-Content — More and more, companies are shifting away from a desire for
biodegradablity towards polymers with renewable or bio-content in the form of biopolymers, polymer blends,
and/or bio-fillers. Many of these systems will be a blend of bio-based and petroleum based materials
with the intent to reduce overall environmental impact in terms of petroleum consumption, energy use,
greenhouse gas emissions and/or carbon footprint.

Not all bio-based plastics are biodegradable and not all
biodegradable materials are bio-based.
Biopolymers
As indicated in the following table, there are many biopolymers available, depending upon the customer’s
objective and need. While the focus tends to be on emerging bio-based polymers such as PLA, PHA or
thermoplastic starch, there are a number of more traditional polymers including polyethylene and vinyl emerging
from bio-sources. However, most of these bio-based versions of traditional polymers are not biodegradable.

“While the focus tends to be on emerging bio-based
polymers such as PLA, PHA or thermoplastic starch, there
are a number of more traditional polymers including
polyethylene and vinyl emerging from bio-sources.”







Other materials used commercially for biodegradable plastics are lignin, cellulose, polyvinyl alcohol, poly-e-
caprolactone, PCS and PBAT. For example, BASF’'s Ecoflex™ product (PBAT), is currently petroleum based and
is used to modify thermoplastic starch and other bio-based resins to impart ductility and processability while
retaining biodegradablity.
There is a shift occurring away from biodegradable to bio-
based polymers and from 100% bio-based to partially bio-
derived, durable polymers.

Biodegradablity Claims — Exercise Caution!

There are many misunderstandings about what biodegradable means:
Bio-degradation is the degradation process which involves metabolic activity of microbes and results in
water, carbon dioxide, and humus or biomass. The microbes need to consume the plastic.
Biodegradablity claims are only useful when they consider the environment or conditions under which they
will degrade. Generally, these include marine degradation, soil degradation, and composting.
Very few biopolymers will actually biodegrade in a landfill. Typically, landfills do not provide the right
combination of temperature, moisture, oxygen and microbe activity to effectively biodegrade these
polymers. Some will only biodegrade under carefully controlled industrial compositing conditions. The only
way to effectively biodegrade these materials is to have an infrastructure to collect, sort and compost
them.
Very few biodegradable polymers will degrade if thrown out as litter.
Some additives which claim to enable biodegradablity within traditional polymers only break the polymer
down into microscopic fragments with no clear evidence of microbial activity. This may eliminate the
“visible” trash, but does not eliminate the pollution, and may have other unwanted environmental impacts.
Standards exist for certifying both compostability as well as ultimate biodegradablity under a range of
environments. Compostability standards (such as European Norm: EN13432) require the plastic to:
ultimately biodegrade within a specific time frame, contain no residual heavy metals, and have no harmful
effect to the compost itself. Also, the resultant compost must support plant life.
Compostability is thickness dependent. As such, many materials will have difficulty achieving the standards
within the allowable time frame in thicker sections. A material that can compost as a film, may not be able
to compost in a sheet or injection molded component.

Most polymers touted as “biodegradable” will not
biodegrade in a landfill, or if disposed of as “litter.” Most
require controlled industrial composting conditions to
effectively biodegrade...and even then, there are other
considerations such as part thickness.

Some Key questions to consider in selecting a material for its biodegradability functionality include:
In what environment will the polymer be expected to biodegrade?
Under what conditions will the polymer biodegrade?
Over what time frame will the biopolymer degrade?
What are the residual effects after bio-degradation?
Is there a better end-of-life alternative such as recycling?

It is imperative that companies define their objectives in
terms of the need for biodegradability, the level of “bio
content” desired, and the performance expectation of the
polymer over its useful life... and beyond.




Bio Polymers Global Capabilities
(M Ibs)
2,000
1,800
T 1,600
3 1,400
& 1,200
8 1,000
S 800
= 600
S 400 | |
200,:| .
oA
2007 M lbs 2008 M lbs 2009 M Ibs 2010 M Ibs
‘ B PLA BPHA @ Starch O BioPolyester ‘

In addition, there are a number of complex issues surrounding this emerging polymer field. Central to the
debate are topics such as:

e Life Cycle Analysis — How do we validate the environmental and societal benefits of renewable polymers
considering their full impact on land use, energy use, water use/contamination, chemical use (fertilizers,
pesticides, etc), durability, application performance, and end-of-life alternatives?

e Food, Fuel or Plastic — How do we address the trade-offs between the use of food crops to make fuel,
plastics, or other chemistries, and the need to feed the world? What is the real impact on food pricing
and availability? Will second and third generation bio-fuels help address these concerns and in what time
frame?

e End-Of-Life — How do we appropriately market biodegradablity and educate consumers as to what this truly
means? How do we manage these new polymers in recycle streams? Are there better end-of-life alternatives
than biodegradation?

Conclusion

While bio-based and biodegradable polymers represent an exciting dynamic in the polymer industry, there
are many considerations in selecting and commercializing bio-based solutions. Chief among them are
cost, availability and performance requirements. Additionally, it is important to define objectives such as
biodegradablity vs. bio-content. Finally, it will be critical to understand and market the true environmental
impact of any choice relative to traditional alternatives. While applications will be “niche” to begin with,
technology advancements and scale investments will broaden the capabilities and reduce the cost of
biomaterials opening more market space and growth opportunities in the years ahead.

PolyOne’s Role

As a global polymer solutions company, PolyOne works with virtually every polymer to develop customized
solutions for the marketplace. PolyOne offers unbiased solutions, tailoring the right combination of chemistries
to economically fulfill customer needs. As such, PolyOne is actively investigating the full range of bio-based
chemistries to develop a portfolio of sustainable solutions. Today, PolyOne offers a number of colorant and
additive masterbatch solutions which help to enable these emerging technologies. Visit our website at
www.polyone.com, or contact us by email at biosolutions@polyone.com.
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