Plastics Compendium

An overview of common plastics, their applications, critical issues,
and the truth in common public criticism.

Version of March 2011



Introduction

A

Plastics and their applications actually spread around the world since about 60 years. Plastics are working
materials that virtually offer unlimited options for use. They can be modified to provide a wide range of
various material properties, and their production is often very economic.

The first reservations against plastics were expressed in the beginning of the eighties of thenfidry.
More critical studies about plastics were published in the beginning of 2000. However, public interest only
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Currently, most opinion makers only have insufficient superficial knowledge, or they intently combine true
facts in a highly sophisticated way to induce misinterpretations while directing public awareness to their
publications. In the end, they all have the same objective, to rouse consciousness and to increase
awareness.

Many studies and facts are cited that really give reason for concern, although the relationship between
cause and effect mostly is not clear. Due to the complexity of the issue, consumers are provided with
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have sufficient knowledge.

The answers to the arising questions require knowledge of the backgrounds and interrelationships as an
essential prerequisite to eliminate haluths and scare stories convincingly.
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confronted with plastics issues, to give most current and correct answers to critical questions @give to
good advice.



Overview: reasons why consumers increasingly ask about plastics

Movie / DVD + book Reports in public media Film/DVD
GtEladad t v GIAFS Ay tflz
sponsored by BUND and NABU sponsored by WWF und Greenpeac

Core message: plastics is harmful

|
Direct Indirect
1
. By consumption
Babies Children :
Adults of fish & seafood
|

| |
Hormone-like substances from sources such as specific plastics are suspected to be hazardous to reproduction and genetic nh,ateriaun s . . ) ) o
to be carcinogenic, or to have other negative effects on the development of humans and animals. This refers in particular to | 9 Hormone-like substances lie  Plastic particles floating in the
substances such as from sources such as plastics sea become porous and act like

. potentially can interfere with a sponge that absorbs and ir
1) the three phthalates DEHP, DBP, and BBP. They can escape from soft PVC; however, other sources are perfumes and cosmetlcstj reproduction in fishes and stores environmental toxins It
where they are used as film formers. Other phthalates are considered not harmful to reproduction but are suspected to accuateiin seafood from the environment
the environment.
2) bisphenol A (BPA). Under certain conditions (contact to liquids at > 7@C), it can be eluted from plastics such as polycarbonate ' '
but also from thermal paper or the epoxide inside lacquer of cans. Slow decrease in populations Minute plastic particles
3) p-nonylphenol; its sources include not only soft PVC but also textiles, pesticides, dyes, etc., to provide specific propetiethese .Of fishes _and marine animals; enr.'Ched n en.v'mnmemal.
i intermediate to longterm loss j  toxins contaminate food fish
materials. . . -
of this food resource | via the food chain
These hormonel i ke substances also carry names |ike fendocrine substances, o fiphantom hormones, 06 fixerohor

fienvironment al hormones. o Today they have been detectedinin ].n}zpin&aﬁ\a-s- S+ @ 0.rtimes environment , i.e. in

human blood and various foods and even in motherds milk. Bot;\h\/Tﬁéig,rNgs[agNj‘,/e“s(h,aﬁ\.;igsba.1exxlacté;baxt\hgv)”a§
targets are still unknown today. Among others, significant amounts of such substances are used as plasticizers for PVC andtcgo 1 uné
materials for polycarbonate. Additional stress to the

Slow uptake of toxic

(Excursus: However, this is not the only source. BPA may not only originate from polycarbonate, but also from epoxide lacquer that gene marine eco-system that in substances into the
protects cans from corrosion or from thermal paper, e.g. used to print sales slips. In addition to soft PVC, phthalatesegisesent in n Vo many places are stressed human metabolism by
perfumes and cosmetic products.) - anyway by overfishing absorption from food

Therefore, environmentalists and consumer protectors urge industry since years to discontinue the use of such substances to
prevent that they will leak into the environment for even more decades and thus will harm humans and animals as discussedvabo

|
. It is not true that PET bottles and all
Baby bottles Toys and children - Food contact to - Beverages from PET LINR RdzOGa t16StSR sAdK NBO:OfAy3
(made from clothes polycarbonate bottles release toxic plasticizers!
polycarbonate) (made from soft PVC) - Medical devices - Products labeled (which is frequently assumed)
made from soft PVC gAGK NBOe Of Ay= O2RS arTé




Sampleapplicationsof commonplastics

PC Soft PVC

Inflatable children sofa
Coffee beaker (polyvinyl chloride [soft PVC])

Container Brace box Soft drink bottle (polystyrene) Compact disc
(polyethylene) (polypropylene) t(g%)é%tt?%l%rgg) (polycarbonate)

BURIRC

Beaker, crystatlear Rain protection.
(polycarbonate) (polyvinyl chloride [soft PVC])
Beverage crate Sunmilk bottle Fleece jacket Bathroom tissue holder
(p0|yetﬁy|ene) (polypropylene) (polyethylene polystyrene)

terephthalate)

) 4 dzY A 8 NNE £ | Y Lileat protection film Beaker, crystatlear , L Rubber, boots
Disposable gloves ¢ olyethylene olystyrene awAY2@Il € adzh gpbNvidybchloride [soft PVC
(polyethylene) (polypropylene) tre)re%hth)élate) polystyrene) (polycarbonate) ® 5) i ide [ D



Overview: plastics and their fields of application

Processing of plastics

Plastics and their fields of application
Structure of the processed plastics within the industriesverview

7}( Plastics

The Marerial for te 25z Century

Industries in 2009: packaging, construction, vehicles, electricity/electronics, and others
(figures specified in kilotons)

Packagingi__
(3.780 kt)

(2.610kt) !

Vehicles:
- R cee- . .. ... fmmmmmnun L T I T e e feeame

(950 kt)

Electricity /

PE-LD/ PE-HD/MD PP PS EPS PVC ABS,ASA, PMMA  PA PET Other PUR Other >
LLD (1.266) (1.706) (386)  (236)  (1.556) i‘;‘: (75) (290)  (483) thermo- (s44) plastics
(1.695) (225) plastics (1.835)

(333), _

06.09.2010 Plastics in Germany



Definitions of various plastic types

Durable plasticsS ®3® [t f O2y @Sy iliAz2ylf LIXIFadAa0a &adzOK Fa t9X t9¢x t 4

Recyclable plasticallow the generation of new products from used plastics by mechanical recycling. Most of the conventional
plastics can be recycled mechanically, but recycling facilities are not installed in all countries and regions fooajlastiss.

Bioplasticsare generally understood to be either:
wbiomassbased plasticenade from renewable raw materials (converted to biodegradable orlriodegradable products) or
wbiodegradableplastics made from either renewable or fossil raw materials.

w GDSYSNIGA2Y mMé o0A2LI I a0A0a akKz2dzZ R y2G 0SS YAESRionéXk G- A&NJI
plastics were launched, which have identical material properties as conventional plastics and can be recycled togetimemwith
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However, others are not.

Biodegradable plasticdegrade because of catiediated phenomena (by microorganisms, enzymes, fungi, bacteria). A material is
biodegradable, when the degradation is the result of the action of microorganisms and the material is ultimately converted to
water, carbon dioxide, methane, and biomass. Please note that during biodegradation no valuablautrierds are returned to
nature from biodegradable plastics.

Compostable plasticare degradable because of biological processes occurring during composting and are converted into carbon
dioxide, water, and biomass. There are no toxic gffects like toxic residue for water, solil, plants, or other living orgagisThey
comply with EN 13432, but need separated waste collection. Many products which meet EN13432 in industrial / commercial
composting facilities will not do so in home composters. Please note that during biodegradation no valuableutnieras are

returned to nature from compostable plastics.

Photodegradable plasticare conventional plastics containing an additive which causes the plastic to degrade under exposure to
ultraviolet light and oxygen.

Oxo-degradable plasticare conventional plastics containing an additive which initiates degradation under specific conditions of
temperature and humidity. The degradation processasinitiated by microbial action and does not comply with the EN 13432
standard.

EN 13432ests (for packaging) or 1ISO14885(for plastic materials) and the corresponding product certification assure the
compostabilityin industrial/ municipal composting unitsased on scientific evidence. There are petroldumsed and biomass
based plastics which fulfill the test standard.




Conventional

PEC polyethylene
(thermoplastic, polyolefin)

PP¢ polypropylene
(thermoplastic, polyolefin)

plastics |

Interesting facts

Properties

Typical applications

Criticized issues in
public discussion

Criticized ingredients

How many recycling
cycles are possible?

CQ saving by recycling
process:

What happens during
(waste) combustion?

Recommendations

2y A
PE-HD PE-LD

Most important thermoplastic plastic. Available asPB, HEPE,
and LLEPE (low/high/linear low density PBPetrochemically
manufactured from ethylene gas and (recently) biochemically
from ethanol (see bioplastics section).

Many PP varieties exist; they can largely vary with respect to their
specific parameters and properties. It is produced fiammpene
gas from petroleum or natural gas.

Soft, flexible (LEPE) to rigid, unbreakable (FEBE), opaque (only
thin films are clear). Odorless, waxy to the touch aoorable
with fingernails. HEPE cannot be readily glued or printed.
Compatible to skin, free from odor and taste.

Many properties similar to HPE; however, PP is lighter, harder,
and less elastic. PP is compatible to skin, free from odor and taste.
PP is also lonterm bending resistant.

10 millions obendingsdo not deteriorate the material; it

therefore allows the productionofs® f t SR aFAf Y K.

HD-PE plastic bottlesshampoo bottles, cream tins, plastitbing, Extremely versatile: e.g. used in food industry, household, and

garbage cans, beverage crates, plastic barrels, artificial wood, ampéckaging technology for yoghurt cups, bottle stoppers, coffee

thin, rustling bags with handles (made from stretched PIE). machines, films, tubing, plates, toys for children, heat

LDPEplastic bags, plastitibes,shrink wrap, garbage bags preservation containers (EPP), straws, sportswear, health
LINE R dzO (i & Xfor bottlé capsdza S R

None, considered physiologically safe. (Even Plastic Planet
expresses no reservations against PE.)

None, considered physiologically safe. Suited for food and
pharmaceutical applications.

No plasticizers needed. Use of plasticizers uncommon.

4 to 5; no more recycling cycles possible due to the decreasing PP can be recycled, but this is (still) rarely done. Melting of PP
chain length of the polymer molecules. Currently, many countriesesults in a mixture of the properties of the various PP types and
do not recycle PE; however, the tendency is increasing, also dugherefore to an inferior quality recycling product.

to the increasing demand for recycled PE (mostly in the U.S.A and

in the UK).

Recycling forms 70% lessQian the production of new PE.
(source: Interseroh)

n.a.

Burns without residues. Combustion products;,@®,0. No Burns without residues. Combustion products;,@®,0. No

toxic combustion gases are formed from pure PE. However, wheoxic combustion gases are formed from pure PP. However, when
the PE contains flame retardants, the combustion can lead to  the PE contains flame retardants, the combustion can lead to
halogencontaining residues to be deposited. On the other hand, halogenrcontaining residues to be deposited. On the other hand,
the most relevant flame retardants with respect to amounts usedthe most relevant flame retardants with respect to amounts used
in polyolefin processing are aluminum oxide hydrates which are in polyolefin processing are aluminum oxide hydrates considered
considered to be toxicologically safe. toxicologically safe.

Disposal by recyclable waste system, if existing. Disposal by recyclable waste system, if existing.



Conventional

PET polyethylene therephthalate
(thermoplastic, polyester)

PEPET film bags
(thermoplastic, composite material)

plastics Il

Interesting facts

Properties

Typical applications

Criticized issues in
public discussion

Criticized ingredients

How many recycling
cycles are possible?

CQ saving by recycling
process:

What happens during
(waste) combustion ?

Recommendations for
consumers

Used PET is available according to type by organizedsaaie
collecting systems for PET beverage bottles.

Composite films are multiple layer packaging films. The individual
film layers are laminated or coated.

Light, rigid, stable shape, weathegsistant, highly transparent,
shiny,dyeable printable. Excellent temperature resistance, fire
resistant. Excellent mechanical properties, scratesistant.
Almost unlimitedshapeabilityunder heat, with the exception of
bottles with handle.

The properties of composite films depend on the carrier material.
PET represents a good barrier with respect to gases, steam, and
aromas. However, this barrier function is not sufficient to allow
the use of PET only as a barrier film. However, PET is excellently
suited to be used in composite materials, preferentially in
combination with PE.

Soft drink bottles, polyester textiles and very thin films, e.g. for Composite films are preferentially used by the fandustry, but
aromaproof food packaging, furniture films, magnetic tapes, etc.also by some detergent manufacturers for refill pouches.
machine parts and medical implants, e.g. vascular grafts.-Well

known: detergent bottles, toilet cleaner bottles, glass cleaner

bottles. etc.

So far only criticized in the context of foods: 1) traces of antimonZomposite films are recently often confused with polycarbonate
and acetaldehyde in beverages from PET bottles have beende 6t / 02 06 SOl dz&S 620K YIFGSNRIFf a
tects(acetaldehyde is not hazardous to health; It is only a matterThe two materials PC andHPET films have only in common that

of taste but has been meanwhile resolved). 2) in 2009, the Franki KS& Ol yy2id 6S adaA3aySR (G2 (KSE
furt university detected in mineral waters filled into PET twicethed T ¢ A& dzaSR (2 flF oSt Iff 23GKSN
level of hormoneike substances than in glass; However, the re group not allowing conclusions on the used material or its
searchers admit that the study design does not allow conclusionproperties.

on the cause. 3) Plastic Planet complains that the composition ofConsumers need deeper knowledge in plastics recycling to know
recycled plastics is often is handled as a company secret by the this.

manufacturer. In the case of W&M this is not true.

None. PET contains no plasticizehs contrast to phthalates, the None
terephthalates in PET are not volatile but permanently chemically
bonded.

Up to 8 recycling runs. About 2/3 of recycled PET is used for
textiles (fleece), the other material for new films, bottles, etc.

n.a.
Currently, many countries do not recycle composite materials.

Recycling forms 82% lessQkan the production of new PET n.a.

(even including the far transport distances to Asia).

Burns without residues. Products without flame retardamtsn
to CQ and HO only.

Burns without residues. Products without flame retardaloisn
to CQ and HO only.

PET is returned to recycling by depédsitsed collection systems.
Alternative: recyclable waste system.

Disposal by recyclable waste system, if existing.



Conventional
plastics Il

Interesting facts

Properties

Typical applications

Criticized issues in
public discussion

Criticized ingredients

Recycling

CQ saving by recycling:

What happens during
(waste) combustion ?

Recommendations for
consumers

PS¢ polysterene
(thermoplastic, styreng

PV polyvinyl chloride

(thermoplastic, vinyl, chlorinated polymer)

Ay

Very common bulk plastic. Foamed PS is called EPS (expandedPlasticizers allow large variations in the hardness and viscosity of
polystyrene). Wetknown EPS: Styropor® PV. Soft PVC even contains a plasticizer portion as high3s)/30
As the demand for PS decreased, both BASF and Dow Chemicals

intend to withdraw from the styrene market.

Pure PShard, rigid; shiny; does neither taste nor small;-UV Hard PVCstiff, rigid; very smooth surface; resistant to oils, fats,
sensitive; easily flammable; very limited heat resistance; sensitivbases, and acids; flarmresistant; little temperature resistance

to organic solvents; recognizable by the metailistling sound. (permanently only up to 65C); tends to stress whitening
EPSnoise and heat insulation Soft PVCabrasionresistant, rubbetelastic, leatheilike

Packaging materials: foam polystyrene, packaging films, yoghurtHard PVQdrain pipes, window profiles, credit cards
cups, etc. Also many commodity goods are made from PS, for Soft PVCtoys for children, rainwear, imitation leather, shower
example hangers, clothespins, and CD boxes. curtains, floor coverings, tubing, seals, films, etc.

Theproduction processnvolvescarcinogenic styrenandben- Due to its high chlorine content and the resultingfnypducts (see
zene Theprocessingf PS involves theelease of carcinogenic below) formed durindgpurning, PVC is considered very harmful to
styrene oxide.Styrene also has been demonstrated to damage the environment. Thevinyl chlorideused in its production is

the reproductive system. PS is readily flammable (PS has playedtarcinogenicln additionsoft PVQinavoidablyeleases

decisive role in starting the fire in the fire disaster in the plasticizers mostlyphthalates includingDEHP DBP, and BBP
Dusseldorf airport in 1996). considerecharmful to reproduction

According to Plastic Planginonylphenolis sometimes used as a Yes mostlyphthalates but sometimes also-ponylphenol and
stabilizer for PS; this substance acts as a phantom estrogen.  BPA, which are other stalled endocrine disruptors (hormone
like substances).

Possible but rarely performed. PS can be converted to its startinghe German PVrocessing industry provides exhaustive

material styrene by heating. Alternatively, styrene beads can be collection systems for PVC construction materials such as tubing

used in other applications. and windows (hard PVC); incorporation of recycled material is
possible up to 70%.

n.a n.a

PS without chemical contaminants (e.g. flame retardants) is rareFormscaustichydrogen chloride gas that forniydrochloric acid

Therefore, itssteamsoften have a pungent smell amday be together with water or humidity. It is neutralized in waste

hazardous to healthTherefore, they should not be inhaled. incineration plants with lime in the exhausts. Highly takimxins
are formed during PVC combustion. They burn incompletely
leading to soot formation; smoke and soot conthighly toxic
and carcinogenipolycondense@dromatic compounds

Yoghurt should preferably purchased in glasses. Dispobalike ~ Avoid PVC, in particular soft PVC, especially in households with
rage cups and party dishes are better replaced by cardboard cughildren. Avoid soft PVC as well for-&antaining foods, because
and plates. Disposal by recyclable waste system, if existing. plasticizers arevell absorbedby fat.



AnBi oo plastics
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compound class; they have much in (bio-based)
common with conventional plastics. Criteria @
allowing to differentiate between the A 3 see )
different bioplastictypes are RESERA) R
i the use of renewable raw materials in
production and/or
i biological degradability and
compostability. PHB (cannot Biologically
|
Ad. B2 3 Plasticsare formed from bie bio|c'>\|g;)itca||y L Sy z’ O(lﬁgﬁdoit:lne
polymers sourced from renewable raw ~ degradable seed) B usehold
compost)

*%

materials. Another definition says that
GOAZ2LI L AaGAO&asd | NB It oA il f e.g. Ecoflex ot S

. . . PS, PVC, PC and Ecovivo
plastics, independent from their raw (blend of
material source Ecoflex and

PLA)

6 lWio-degradableLJt | &4 A Oa& €

A The first definition includes nedegradable
(or persistent) raw materials based on
sustainable raw materials that are excluded
by the second defmltlon; on the other hand A ltis theoretically possible to recycle PLA chemically and to process it to new PLA.

it includes biologically degradable plastics However, this would require separated collection according to type that currently

b d trol nowhere has been established. The addition of shredded PLA to conventional

ased on pe roleum. recyclate (PET, PE, PP, etc.) can render this useless.

* L2 FINE o0A2ft23A0Ft RSO2YLRaAaAlGA2Y 2F |
only possible in industrial composting plants, i.e. neither in household compost nor
Al G(-&R} aBAOFYyé¢ 6aSS 22C adlidisSySydaa |

***The addition of specific harmless additives makes conventional plastics biologically
degradable.

Petrochemical raw materials

10


http://www.google.de/imgres?imgurl=http://www.hoppstaedten-weiersbach.de/Grafik/Abfall.jpg&imgrefurl=http://www.hoppstaedten-weiersbach.de/Aktuelles_main.htm&usg=__URdtL-1N1TL74ARM8c_ZmqKVJCg=&h=295&w=266&sz=12&hl=de&start=43&zoom=1&itbs=1&tbnid=RgU5PqSwbdu3UM:&tbnh=115&tbnw=104&prev=/images%3Fq%3Dabfall%26start%3D40%26hl%3Dde%26sa%3DN%26gbv%3D2%26ndsp%3D20%26tbs%3Disch:1&ei=UqKUTe6mDNL-4Aa_0tGwDA
http://www.google.de/imgres?imgurl=http://www.hoppstaedten-weiersbach.de/Grafik/Abfall.jpg&imgrefurl=http://www.hoppstaedten-weiersbach.de/Aktuelles_main.htm&usg=__URdtL-1N1TL74ARM8c_ZmqKVJCg=&h=295&w=266&sz=12&hl=de&start=43&zoom=1&itbs=1&tbnid=RgU5PqSwbdu3UM:&tbnh=115&tbnw=104&prev=/images%3Fq%3Dabfall%26start%3D40%26hl%3Dde%26sa%3DN%26gbv%3D2%26ndsp%3D20%26tbs%3Disch:1&ei=UqKUTe6mDNL-4Aa_0tGwDA
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A Thermoplastic starcthas a market share of about 80% and therefore is the most conimpiastic The
basic raw material is normally starch from maize, wheat, or potatoes.

A Applications fronpolylactide (PLA, lactic acidyan be either manufactured highly transparent or in a large
variety of colors. PLA is similar to conventional thermoplastic mass plastics and can be processed in variou:
processes. PLA is suited for the production of products such as films, moldings, and bottles.

A The biopolymempolyhydroxy butyric acid (PHB, fatty acid¥ abiopolyesterproduced by fermentation. Its
properties resemble th@etrochemicallyproduced plastic polypropylene. The properties of PHB blends
range from adhesives to vulcanite.

A 225 millions of plastics are used worldwide every year. Therefore, the share of materials from renewable ray
materials (about 250,000 tons) is currently rather low (0.1 percent). However, tremendous future gains in
market share are forecasted for bioplastics. Experts estimate that depending on the conditions about 10% q
the total plastics production or about 70% of plastic packaging could be repladadgbgsticproducts.
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___| Not biologically degradable

Plastics enforced by
natural fibers

Untreated)

Composite materials
of wood and plastics

~

Bio-PE from ethanol
e = (€.¢. by Braskem)

see C)

Biologically degradable,
from renewable raw materials

Biologically degradable,
from fossil raw materials

Degradable polyester

4| animal origin plant origin |
see d)
by microorganisms
Starch, Polylactic acid Chitin,
— | starch (PLA) chitosan [
derivatives
Cellulose,
| | cellulose
derivatives
Polyhydroxy Proteins,
f?)thacF'fﬁv e.g. caseine, | |
B
see a) see b) see a)

v

AThey cannot be composted in gardens and therefore are waste there.
AThey are also not well accepted in industrial composting plants, because they do not form valuable
compost ingredients but only water and CO.,.
AThey interfere with the recycling of conventional plastics; they deteriorate the product quality of the
plastic recyclates and increase processing expenses.

AAccording to a UBA recommendation, they should be disposed of with residual waste, if possible, and

undergo thermal exploitation, unless they can be supplied to closed recycling.

The UBA (German Federal Environmental Agency) requires that no advertising should be made based on positive environmental statements
relating to biologically degradable plastics, unless their benefit to the environment has been actually demonstrated by scientific studies!

The major benefit of bioplastics based on renewable raw materials is their neutral CO, balance. On the other hand, they may cause
problems by eutrophication of waters by plant fertilizers and potentially problems arising from artificial irrigation.
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éstarch écel |l ul

(natural bio-polymer)

(natural biopolymer)

Mobile phone
made from maize starch

Plasticbag
made from maize starch

3=

Disposable cutlery

made from maize starch

Plastic chips
made from maize starch

Printed ceIIoPhane bafg
and clear cellophane film

Transparent cubes
made from cellulose acetate (CA)

Packa?ing
made from cellulose acetate (CA)

Cosmetic pencil
made from cellulose acetate (CA)

oseépolylactic
(synthetic biopolymer)

Food packaging lid

Highly transparent PLA bottle made from PLA
(right) compared to PET and PP

PP

Computer housing
made from PLA

P —— IS B

Ballpoint pen
made from PLA

Leman juice
bottle
made from PLA

Correction roller
made from PLA

Clothing
made from PLA

o

Bag made from Ecovio, a blend of
petroleumbased but blolo%lcally
degradable Ecoflex and PLA
from renewable raw materials

Ecoviecoated cardbox beaker
and shrink film made from Ecovio

7 ~

é NEcoflexed

Bag made from petroleurbased but
biologically completely degradable Ecoflex

13
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compostable

Bioplastics

Interesting facts

Properties

Typical applications

Criticized issues in
public discussion

Criticized ingredients

Biological degradability

CQ by replacement of
raw oil:

What happens during
(waste) combustion ?

Recommendations for
consumers

Biopolymers of raw materials of planfstarch, cellulose, lignin, Plant monomers can be also synthetically converteditépoly-mers
proteins)or animal origin(chitin, PHB, PH¢hitosar) are e.g. by artificial polymerization of lactic acid (formed by lactic acid
formed in nature. bacteria as a fermentation product of sugar and starch).

The first factory producing celluloid, a thermoplastic made from

cellulose, was already established in 1869.

Biopolymers resemble the basic products of conventional The mechanical properties of pure PLA are very similar to those of
plastics; however, their, processing is somewhat more PET. In particular due to its transparence and low migration
sophisticated, and they are not as stable a plastics. specifications, PLA is ideal for food packaging applications. Howevel

Thermoplastic starchbsorbs water and is therefore normally  compared to PET, its permeability for CO2, oxygen and humidity is
only a partial component in the production of bioplastics. The much higher. The benefits provided by PLA are the wide diversity of

second basic component is represented by watgellant bioplastics that can be designed either for quick biological
biologically degradable polymers. In the extruder, the water ~ decomposition or for yearlong duration, high solidity,

soluble, disperse starch phase and the wateoluble, thermoplasticity and goodprocessabilitypy existing industrial
continuous plastics phase combine to a watesistant starch plants. However, it is a disadvantage of PLA and PLA blends that the
plastic. become very soft at temperatures above AD.

Cellulose acetatés transparent and flameesistant; it can be
readily stained and thermoplastically shaped.80 to 200~C.

Starch blendscarrying bags, yoghurt/drinking cups, planter PLA provides potential for films, molded parts, cans, cups, bottles,

pots, cutlery, diaper film, coated paper and cardboard. and other commodity goods for exhaustible packaging films or deep

Cellulose acetateextiles (acetate = artificial silk), spectacle drawing products (such as drinking or yoghurt cups, dishes for fruits,

frames, ballpoint pens, telephones, toys, packaging film, etc. vegetables, and meat), in particular, when collection in closed
systems is possible (e.g. by laigmale catering).

Few! The threat that genetic engineered agricultural raw materials would be grown as the source for bioplastics and thadfil@rea
competition with foods. The latter can be avoided by using agricultural wastes.

I'tyy2i 0SS SEOfdzZRSR Ay GoA2LI FadGAa0asé
Compostable, however, only in specialized industrial plants requiring supply of heat and water and mechanical suppact Biolog
decomposition in a natural environment is normally very slow; not suited for household compost,

Bioplastics burn and are recycled with a neutral CO2 balgmszause they consist of renewable raw materials.
Depends on potential additives. Pure bioplastics are no source of toxic substances.

No separate collection system exists for composting of bioplastics. Therefore, they should be disposed of as residus! nedstetbe
yellow plastic collection bag or in the green bin! There they would be rather harmful then useful, because current wagjelaots
cannot isolate them. For the time being, they require residual waste collection!



Bioplastics c) Biologically not degradable but recyclable ’Q’\ d) Biologically degradable plastics from
plastics from renewable raw materials LA petroleum

Interesting facts The Brazil company Braskem developed a method for .« With Ecofle® andecovi®, BASF offers since years fully
production ofpolyethylenefrom bioethanolfrom sugar synthetic but biologically degradable and compostable plastics
cane produced by fermentation; it has the same chemica (polyesters) for the production of mulch films and other
composition and thus the same properties as polyethylene applications. It is intended to increase the capacity of Heeflex
synthesized from petroleum. Si@hemie currently builds a plant in Ludwigshafen for 60,000 tons per year by the end of

demonstration plant in Germany to be completed until the end a2010.

2011 to produce ethanol from cellulose; it will have a capacity oCurrently, biologically degradable plastics from crude oil cannot
2,000 tons per year. Braskem currently can produce 200.000 tobe recycled in contrast to conventional plastics.
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PP from sugar cane is in development.

Properties See polyethylene Ecovio, a blend of Ecoflex and PLA makes food packaging from
starch or paper water and fat resistant.
Typical applications Automotive industry, packing industry, etc. Customers are e.g. Ecoflexmostly agricultural films, food packaging, and biological
P&G (for Pantene, Max Factor, Cover Girl), Johnson & Johnson(éste bagsEcovio cardboard cup coatings and shrink films
Sundown), Tetrapack, Shiseido, and Ecover. (initial applications).
Criticized issuesinpublic ! RSFAYAGAGBS RAAIRGFYy (Gl 23S T2Ndng&kho@Y, INBSY t9¢ Aa (GKS OdzNNX
discussion discussion in Germany. However, it will show in the end that only

few actual facts conflict with sugar cane based ethanol. The
dilemma of area competition with foods related to sugar cane is by
far lower thanrealtedto maize, wheat, or potatoes. A

requirement still to be considered is that less fertilizers and
pesticides should be used in sugar cane cultivation.

Criticized ingredients None. (Also in production, the only waste formed is water.) None.
Biological degradability Not biologically degradable, but can be recycled like conventiondhder welldefined conditions, biodegradable plastics
PE. (see polyethylene) completely degrade to water, Gand biomass.
CQ by replacement of raw  Instead of releasing GOthe production of one ton of the green, Petroleumbased biologically degradable plastics
oil: recyclable bioplastic even binds 2,1 to 2.5 tons of this greenhoude not have a neutral C{balance (see a+b)
gas.
What happens during (waste)Combustion without residues. Combustion products; EB,0O.  CQ previously bound to petroleum is released agdirerefore,
combustion ? Pure PE forms no toxic combustion gases. the combustion is climatedamaging, composting as well
Recommendations for Disposal by conventional recyclable waste system possible!  To be disposed of as residual waste!

consumers
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SAIBA COMO E PRODUZIDO O PLASTICO VERDE DA BRASKEM
Ges, a nova fabrica da empresa em Triunfo, no Rio Grande do Sul, tem capacidade para produzit
da resina plastica feita a partir de etanol. Passe o mouse sobre as etapas para saber mais.
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Pritt ECOmfort Correction Roller, Henkel

The latest innovation to its Correction Roller
assortment is the high performance Pritt
ECOmfort Correction roller. The solvent-free
correction roller is the first in the world with a
shell made from 89% Ingeo biopolymer. Read

more

"Nucycle”, NEC

The "Nucycle” plant based formulation
illustrates the NEC Group's unique material
development technology and capabilities.
Nucycle significantly expands the application of
Ingeo PLA bioplastics into products where
performance features such as durability, safety,
and high levels of flame retardancy are of
paramount importance. Read more
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In-Flight Cold Drink Cups, Avianca

Colombia-based airline Avianca, with a history
of over 90 years, was the first commercial airline
founded in the Americas and the second in the
world. Now Avianca's passengers enjoy cold
drinks served from attractive Ingeo cups. Read

more.

Bottles

In the first

s-bag® GREEN, Electrolux

s-bag is a high-tech innovation and the first dust
bag in the world using Ingeo biopolymer. s-bag
GREEN is made from completely renewable
sources, with Ingeo fibers from plants not oil,
natural rubber, and recycled cardboard. Read

more.

European

commercial introduction of an
extrusion blow molded bottle,
Polenghi, the Italian company
known for lemon juice and
dressings, will switch from
polyolefin resin to Ingeo
bioplastic for its organic
lemon juice.

zmen
vmwen
vien

Taen

Read more >

Organic Yogurt Multipack Cups,
Stonyfield Farm

Urara Personal Care, Shiseido

Amazing application, because all

Shiseido, a major Japanese and international

cosmetics company, launched last year in Global organic yogurt leader Stonyfield Farm

China its URARA branded shampoo,
conditioner, body soap and other personal care
products packaged in new Ingeo natural plastic
bottles. Read more.

has replaced all of its petroleum- based
multipack yogurt cups with cups made from
plant-based Ingeo. Afirst for the dairy industry,
these cups reduce the package’s greenhouse
gas emissions by 48%. Read more.

information available ugio-date on the
properties of PLA indicate that this should
not be possible (liquid/hydrophilic, acidic,
no internal pressure)
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Other plastics claimed as being particularly environmentditendly

[ 201 [/ 2tF &t tl yd 52020/ 54a -t69ncp: 20 2mi] (i2f
(also used .for Heinz Ketchup) A As a competition to CoeGola,Danonetries to offer
A PET consists of the components PTA and MEG. an even more environmentally friendly PET bottle by

A MEG is a simple molecule; it can be either produced using 25% of recycled material in addition to the
from petroleum or from a number of other, including  plant MEG.
plant-based, raw materials.

A CocaCola used plant MEG since 2009 and markets
since that time plastic bottles containing a portion of

A The results in the following balance:

at i ! : i Hp &2 NBO&Of SR t-O2YLRYySyl w™
30% orlglnatln,g from plant raw materials YVIEh th(,a i 75% normal PET
Of FAY aLX Iyl o2u00f Sa da X 27% plant MEG HIE: ©O8F2RYSYyid M
A Alpla produces in Mexico with this material for Coca 45% eco portion in the PET
Cola. Coc#ola grants licenses for the PlantBottle. o _
Alpla can mediatecurrent as of March 2011) A Currently, only the 500 ml bottle size is available as a
o ) , npOkod 9¢¢ o0200f SY o6dzi Al
io-based PETi Coca Col adés plantbottl e

more bottle formats in 2011.

A Available in seven countries worldwide
i Brazil, Denmark, Japan, Canada,
Mexico, Norway, and the U.S.A.

A Mixtures depending on the market of
fossil-based, bio-based, and R-PET
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