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Bioplastics and Biodegradable polymers 

o Bioplastics vs Biodegradable plastics

o Biodegradation in several environments

o Types of biodegradable polymers

o Sources

o Main properties

o Examples and applications

Summary
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o Biodegradable polymers: high molecular weight molecules (macromolecules)

o Macromolecules made up of the covalent bond of low molecular weight molecules 

(monomers)

Biodegradable polymers 

Feedstock (source)

Alginate

Algae

Alginate powder
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N-acetyl-glucosamined-glucosamine d-glucosamine

Chitosan powder

Feedstock (source)

Sea food shells

chitosan

Biodegradable polymers 
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Biodegradation

Biodegradation

o A material or product is called biodegradable under specific environmental conditions if it is able 

to undergo, within a given time, a certain degradation process that is caused by biological activity and 

can be measured by a standardized test method

o Biodegradation is the conversion of substrates (in this case polymers) by naturally occurring organisms 

(mainly microorganisms) into water, carbon dioxide, methane, biomass and minerals.

ASTM D5210 – Standard Test Method for Determining the Anaerobic Biodegradation of Plastic Materials in 

the Presence of Municipal Sewage Sludge

ASTM D6400 – Standard Specification for Compostable Plastics (USA)

ASTM D5988 – Standard Test Method for Determining Aerobic Biodegradation in Soil of Plastic Materials

ISO 14852 – Determination of the ultimate aerobic biodegradability of plastic materials in an aqueous medium

UNI EN 14995 - Standard Specification for Compostable Plastics (Europe)

o The property of biodegradation does not depend on the source of a material. Instead, it is rather 

depended on its chemical structure.
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Biodegradable polymers

Polymers in which 100% of its

carbon comes from renewable

sources

They may or may not originate from renewable sources

Bio-based Oil-based

Produced with petrochemical 

based monomers

Biodegradable polymers



7

The term "bio-based" does not equal "biodegradable"

However:

There are "bio-based" polymers that are not "biodegradable"

Bioplastics is a term that includes: (i) polymers extracted directly from 

biomass, (ii) produced by microorganisms, (iii) synthetized with 

monomers produced by microorganisms or (iv) oil-based biodegradable 

polymers. 

In addition:

https://bioplasticseurope.eu/about
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Polysaccharides 

proteins
Polysaccharides 

Proteins

Bioplastics

Traditional 

petrochemical 

based non-

biodegradable 

polymers
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Bio-Based Bio-Based Bio-Based Oil -Based

** Poly(butylene succinate-co-butylene adipate) (PBSA) is a biodegradable, semi-crystalline 

polyester produced by co-condensation of succinic and adipate acid with 1-4-butanediol. All three 

building blocks can be produced either from renewable feedstock such as glucose and sucrose via 

fermentation or from petroleum-based feedstock.

**
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Frequently used bio-based or biodegradable polymers
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Polyhydroxyalkanoates Polylatic acid

Biodegradable-Polymers-in-Various-Environments.pdf
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Extrusion

Some of biodegradable polymers are of Thermoplastic

Thermoforming
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Starch

corn potato cassava

Biodegradable polymers
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Starch Gelatinization

Biodegradable polymers
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Starch based items

Trays

Foams

Films

Non-biodegradable Polystyrene foams vs biodegradable starch foams

https://www.youtube.com/watch?v=wdWRx05P4I0
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Polyhydroxyalkanoates (PHAs)

Biodegradable polymers

Produced by bacteria

Accumulated inside cells in granules

Energy reserves

Carbon sources: sugars, volatile 

organic acids, glycerol (preferably 

present in residues and by-products)

o Thermoplastic

o Hydrophobic

PHAs after 

extraction and 

purification
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Polyhydroxyalkanoates (PHAs)

Homopolymers

Biodegradable polymers

Copolymers
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Polyhydroxyalkanoates (PHAs) applications

Biodegradable polymers
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Polylactic Acid (PLA) lactic acid produced by 

microbial processes 

PLA produced by 

polymerization of 

lactide monomers

Biodegradable polymers

o Thermoplastic

o Hydrophobic



21

Cellulose

Fibers

Biodegradable polymers

Production technology of wheat straw tableware

https://youtu.be/XOl-ru6luYw

Fibers
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Further reading

European Project BIO-PLASTICS EUROPE

https://bioplasticseurope.eu/project

European Bioplastics association

https://www.european-bioplastics.org/bioplastics/

https://bioplasticseurope.eu/project
https://www.european-bioplastics.org/bioplastics/
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