BIODEGRADABLE PLASTICS:
Problems and Prospects

lence and Technology
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1. Rationale
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Quotes on Plastic from Sir David Attenborough (2017)

* “More than eight million tons of plastic




* “Humans are already eating plastic from the
sea too. The average person who eats




Plastic Is a synthetic polymer consisting of carbon, hydrogen,
oxygen, chloride and nitrogen. It is derived from fossil sources

such as oll, coal and natural gas. Examples are polyethylene
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Ethylene Polyethylene

Polymerization reaction of ethylene inte polyethylene (PE)




Fossil-Based Plastics

Fossil- or petrochemical-based plastics utilize fossil feedstocks

like petroleum and natural gas. About 7% of all petroleum is

also be

scribe them as bio-based.



Chemical structures orfossilbasedplasticsiPoNethylene (PE), Polyvinyl chloride
(PV/C)Polypropyiene (PP Polystyrene (PS), Polyethylene Terephthalate (PET)
and Polyurethane (PU)



Thermoplastics - polymers that do not change their

chemical composition when heated and can, therefore,

0,000 AMU.



Thermosetting Polymers - remain solid and can not be

melted nor modified. The chemical change here Is
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Problems with Conventional Plastic




Biomass - substance of biological origin except geological
formations and fossilized biological matter.

Biodegradation - biological decomposition in the presence




Biodegradable

Biodegradable materials can be Dbroken down by

microorganisms (bacteria or fungi) into water carbon dioxide (CO,)

properties

sting conditions.



Polymer

Depolymerases

Oligomers, dimers, monomers

Aerobic % Anaerobic

Methane, HZS
CO», water
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ReEaction pathwaysiaurmg biodegradation of polymers
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Compostable bio-plastics are decomposed

biologically in a composting process at a similar rate to
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Biodegradable or Compostable?

Compostable plastlcs are a subgroup of blodegradable




The term bioplastic (or bio-plastic) refers to either




Bio-based bioplastics are defined as “plastics” In

which 100% of the carbon Is derived from renewable

resources, such as corn
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Figure 1. Bio-plastics comprised of biodegradable plastics and bio-based plastics.
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Pettochemica Partly bio-based Bio-based
Non-biodegradable | PE; PP, PETPS, PVC  { Bio-PET, PIT

Biodegradable | PBAT, PBS(A), PCL. | Statch blends

Figure 1. Diagram indicating positioning of bio-based versus petrochemical plastics and
biodegradable versus non-biodegradable plstics

Ref: van den Oever et al.(2017)



Classification of Bioplastics based on origin and method of production

) ) Biodegradable Produced directly by
Directly extracted _Synthesised from polymer synthesised naturaligenetically
from biomass bio-derived monomers from petrochemicals modified organisms

Polysaccharides m Polyesters PHA

rona] (P
PHB/PHYV & PHB/PHH
Modified PET/PET

Cellulose m PBAT || PBST || PTMAT

Cellulose fibre
Cellulose derivatives | |Chitosan
Lignocelluloses

Fibre composites




PBT-polybutyl terephalate PBSA-polybutylene succinate adipate PBS-polybutylene succinate
PBAT-polybutylene adipateferephthalate  PCL:polycaprolactong PGA-polyglycolic acid
PHA-polyhydroxyalkanoates PHB-polyhydroxybutyrate PHH-polyhyaroxyhexanoate
PHV-polyhydroxyvalgrate PLA-polylactic acid PVOH-polyvinylalconol
PTMAT-polymethylene adipateferephthalate PBS-polybutyllene succinate Bio-PE-polyethylene from bio-gthanol

PEA-polyester amide EVOH-poly(ethylene vinylalcohol

NOTE: Bioplastics can also be produced as co-polymers or bio-composites using two or more of
these materials



Types of Bioplastics

Bioplastics

plastics

Biodegradable

Fossil
resources

Blends of
renewable AD
resources

plastics

Bio-based

Renewable
resources

Blends of
renewable AO
resources
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Compostable

Non-biodegradable




Biodegradable bio-plastics are fully degraded

by microorganisms, without Ileaving toxic

remainders. The term “biodegradable” refers to




Commercial Bioplastics

» Starch-based plastics
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Starch PH Other PET-30 Bio-PE Bio-PA Other PBAT/
blends PBS/ PCL

Global production capacity datain 2015/2016 (solid bars) and announced production
capacities for 2020 (shaded bars) of bio-based biodegradable polymers (Green), bio-
pased non-niodegradadle (drop in) polymers (Bluc)#and fossil-based biodegradable
polymers (Red) (van den Oever et al.,, 2017).



Business Forecast for Bioplastic Production in Asia

» "Biodegradable, compostable” polymers (such as PLA, PBS,

elr
- PHAS and PA.




stages during biodegradation

biod g f :'> biof g :I“} scrobial assimilati

corresponding stages (gas evolution tests)

applicability of physical test methods

quantitative as an indicator of biodeterioration
during early lag phase (prior to loss of sample
integrity required for mechanical testing)

used for qualitatively detecting changes in surface features {colour, morphology,

microbial attachment) and signs of disintegration (defect formation, fragmentation)

quantitative and correlates well with gas evolution; insensitive during early stages
of biodegradation but can indicate bioassimilation at later stage

Figure 1. Physical test methods for the evaluation of plastic biodegradation, and their relation to different stages of polymer breakdown
and comesponding stages observed using gas ((0; and CHy) evolution tests.




Filipino firm produces additive to make plastic items
biodegradable

* ITDI-DOST has verified the claim that a unique additive
produced by a local company makes plastic materials
biodegradable and has issued Environmental Technolo

gh many imported
arket have made similar




* Polyolefin plastics formulated with BioMate® undergo a 2-
step degradation process; first by photodegradation and




OXO-BIODEGRADABLE PLASTICS - The new process of OXO-

degradation is based on adding a very small amount of pro-

degradation chemical into the manufacturing process, thereby




Photodegradable bioplastic has light sensitive groups

connected to the backbone of the polymer. Exposure to




Evaluation of biodegradation-promoting additives for
plastics (done in Michigan, U.S.A.)

* The effect of biodegradation-promoting additives on the
biodegradation of polyethylene (PE) and polyethylene




Degradation behavior of fossil-based and bio-based
plastics during composting ( done in Czech Republic)

Commercial bioplastics and a PE plastic with additives (claimed to be
degradable) were used for the 3-month study. The research was carried out
In real conditions in the Central Composting Plant in Brno, Czech Republic.




Biodegradable plastics offer a promising solution to the

present plastic pollution problem because they can be derived

from renewable feedstocks, thereby reducing greenhouse gas




Furthermore, biodegradable plastics can be recycled to useful

metabolites (monomers and oligomers) by microorganisms and

enzymes. A second strategy involves degradation of some




Recycling

Material recycling is defined as the reprocessing of a used produ

material into a new product. An example is plastic which after use




Plans to build Philippine Roads using 'Plastic Asphalt’

“San Miguel Corp. plans to collaborate with U.S.-based
Dow Chemical Company in creating 'plastic asphalt'. Initial
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SUMMARY

Plastics are polymers that are unchanged chemically when heated

and can be molded multiple times. Most fossil-based plastics (PE,
= = C are non-biodeqgradable, although some

(//},J'/‘\ /) fegraded by
MIONS.




SUMMARY

Some commercial additives have been claimed to be effective In
enhancing blodegradablllty of non- blodegradable plastics.
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Recommendations

1. Government incentives for processors of biodegradable plastic
products, e.g. tax reduction/exemption
2. Restricted importation and sale of non-biodegradable, esp.

roduction of

eedstocks
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Sunset view - Sun Moon Beach Resort
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Pros and Cons of major waste treatment technologies (Ren, 2003)

TECHNOLOGY  PROS CONS

Recycling e Reduce amount of wastes for e Not everything economically
disposal recyclable

e Save resources and energy In e Recycling consume energy, emit
virgin production pollutants

e Extend product’s lifetime, ¢ Recycled product inferior in

CONSETVE resources quality, thus only lower grade

application, limited market

Composting * Reduce load of landfill by e Economucs still unfavorable
digesting organics e Risk of odor and pest problem
e End product useful for soil ¢ No reliable market for end
amendment product (compost)

¢ Need less energy than recycling,
incineration




Incineration

Land filling

Reduce waste substantially by
volume/weight

(Generate energy

Need small space, reduce burden
of landfill

Final and indispensable disposal
of wastes,
Final and indispensable disposal
of wastes,
Relatively easy to build and

operate

High capital and operational costs
Emission of hazardous
substances (Dioxin, etc.)

More stringent in operation and
control

Suitable sites become scarce
worldwide

Cost 1s increasing significantly
due to higher environmental and
sanitary requirement

Leachate and gas emussion
problems




Integration of biodegradable plastics with disposal infrastructures, (Song et.al 2009)

Composting
facility

|

Land application

Recycling polymeric
carbon back to soil

Anaerobic digestion
facility

Debris to
environment

|

|
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Examples of Biopolymers

Polyesters
< PLA (polyactuc acid)
< PHAS ((polyhydroxyalkanoates)

Polysaccharides (plant/algal)

< Starch Proteins

< Cellulose < Silks

< Agar < Collagen/gelatin

< Alginate < Elastin (found in cows and pigs)

< Carrageenan < Reshin

< Pectin < Adhesives

< Various gums (¢.g., guar) < Soy, zein from corn, wheat gluten, casein

< Serum albumin




Table 4. Overview table of suitable fossil and bio-based plastics for different property
requirements.
Properties Fossil plastic Bio-based plastic

F]f::iibilir_r and water barrier PE Bio-PE

Flexibility PE Starch based blends,
Biodegradable polyesters

Transparency, stiffness, barrier  PET laminate or multilayer PLA provided with §i0x

PrOPETties OXVEEN SCavenger barrier
Transparency, stiffness PS, PET, PP PLA
Stiffness PS, PET PLA, starch blend, Paperfoam




Table 5. Overvicw table of suitability of bio-based plastics for difterent types of apphcations.

PLA

Starch blends

Cellulose based

Film

c.g. (cut) vegetables &
fruits, flower wraps, bread
bags, shnnk films.

Not for long shelve hife
products, unless bamer

laminates are used.

Food waste bags,
translucent grocery bags.
Vegetables and fruns.
Mulch films.
Cellophane, candy
wrapping

Grocery bags.
Vegetables and frums.
Frozen produce.

Rigids (Trays/Cups)
Salads, vegetables, fruits,
dairy producrs, bakery,
dnnking cups, meat.
Avoid storage of empty

trays and cups at high
temperatures.

Vegetables and fruits.

Coftee capsules

Vegetables and frunts
(non- transparent)

Bottles

Not 2 preferred matenal.
Used in small water
bottles and chilled, short
shelf life juices and dairy
products, and wine bottle
capsulcs.

Needs bamier matenals

for further applications.

Na

Na

Other
Compostable teabags and

cotfee capsules.
Coated paperboand
(coffee cups) and other
SCIVICC ware.

Foamed trays and boxes.

Loose fill foams.
Service ware.
Labcls.

Some cellulose acetate n
cutlery

Biodegradable nets.
Coated paperboard.
Parncle foam.

Coffee capsules.




Recycling

/ﬁf’

End products

Fermentation,
polymerisation,
compounding

Renewable
raw materials

O H O
Blomass

Extraction

: Photosynthesis
Agricultural

feedstocks

Bloplastics™itecycle (European Bioplastics 2008



Renewable

Consumed feedstock iIs described as renewable when it I1s derived

from resources which are naturally replenished on human timescale, In




Cellulose is the most abundant natural polymer on earth and is an
almost linear polymer of cellobiose residues. Strongly hydrogen-bonded
crystalline microfibrils and fibers are formed due to the regular structure
and array of hydroxyl groups. It is mostly of plant origin and a familiar
example Is paper.

CH,OH H OH

Cellobiose
N = 30,000




