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Recall from the Course Description



Target of reading discussion

• Differentiate and Know the meaning of 

- Degradation

- Biodegradation

- Biobased

- Compostable

- Biopolymer

• Know the classification ways of biopolymers

• Know the types of production ways of biopolymers

“Michael Niaounakis, 

Biopolymers: Processing and 

Products, PDL Handbook 

Series, 1st Edition, Elsevier 

2015: Chapter-1-

Introduction_2015_Biopoly

mers-Processing-and-

Products.pdf “



Q1: Try to tell the definition of Degradable Polymer and 

Biodegradable Polymer.

Q2: What’s the relationship between Degradable and 

Biodegradable polymers?



Degradable polymer

a broad term applied to polymers

or plastics that disintegrate by a 

number of processes (physical

disintegration, chemical

degradation, and biodegradation

by biological mechanisms).

Biodegradable polymer

degrade under the action of microorganisms such as molds, 

fungi, and bacteria within a specific period of time and 

environment. 

On its own, the term biodegradable has no clear meaning and 

creates confusion. 

Withdrawn standard ASTM D5488-94de1: biodegradable 

polymers refer to polymers that are “capable of undergoing 

decomposition into carbon dioxide, methane, water, inorganic 

compounds, or biomass in which the predominant mechanism is 

the enzymatic action of microorganisms that can be measured 

by standard tests, over a specific period of time, reflecting 

available disposal conditions.” 

ISO 17088:2012

EN 13432:2000, EN 14995:2006

ASTM D6400-12



Q3: Define ”Biobased”.

Q4: What are “Renewable” raw materials?

Q5: How about “Sustainability”?

Q6: What’s the relationship between “Biobased” and 

“(Bio)degradable”?



Biobased

Term focused on the raw materials basis (polymers derived from renewable resources). 

“An organic material in which carbon is derived from a renewable resource via biological processes. Bio-based 

materials include all plant and animal mass derived from carbon dioxide (CO2) recently fixed via photosynthesis, 

per definition of a renewable resource.” (ATSM).

• No current standards on what to be called “biobased products”. But there are objective ways to quantify 

the biobased contents of a product, e.g., cardon isotope anaylsis in ASTM and ISO.

• Detection of carbon-14 (14C) is indicative of biobased materials: 14C, which has a half-life of about 5700 

years, is found in bio-based materials but not in fossil fuels.

• A bio-based polymer is not per se a sustainable polymer

Renewable raw material
Raw materials are renewable if they are replenished by natural procedures at rates comparable or faster than 

their rate of consumption 



Biobased

Fossil-based

Biodegradable
Non-

Biodegradable

Not every bio-based polymer is biodegradable

e.g. bio-based polyethylene or polyamide 11

Not every biodegradable polymer is bio-based

e.g. poly(ε-caprolactone) or poly(glycolic acid)

Some fall into both 

categories

e.g.polyhydroxyalka

noates, PHAs 



Q7: What is the relationship between “                        ” and 

“Compostable”?

Biodegradable



Compostable

In order for a polymer to be called compostable, it should meet any of the following international standards:

• ASTM Standard D6400 (for compostable plastics)

• D6868 (for compostable packaging)

• CEN standard EN 14995:2006 (for compostable plastics)

• EN 13432:2000 (for compostable packaging)

• ISO 17088:2012

Features of compostable polymer:

- Disintegrate rapidly during the composting;

- Biodegrade quickly under the composting conditions;

- Do not reduce the value or utility of the finished compost and the compost can support plant life;

- Do not contain high amounts of regulated metals or any toxic materials.



Biodegradable polymer

Compostable polymer

Differentiation between Biodegradable polymers 

and Compostable polymers: 

by the rate of biodegradation, disintegration, and toxicity. 



Biopolymers (Bioplastics)

Q8: Region of biopolymers (or bioplastics) in this master map? 👇



Biopolymers (Bioplastics)

Criteria: 

I.   the source of the raw materials

II.  the biodegradability of the polymer. 

Types of biopolymers (or bioplastics):

A. Biopolymers made from renewable raw materials (bio-based), and being biodegradable

B. Biopolymers made from renewable raw materials (bio-based), and not being 

biodegradable 

C. Biopolymers made from fossil carbon, and being biodegradable. 



Biobased

Fossil-based

Biodegradable
Non-

Biodegradable

Criteria I:

Criteria II:

A. Biopolymers made from 

renewable raw materials 

(bio-based), and being 

biodegradable

e.g. PHA, PLA, starch

B. Biopolymers made from 

renewable raw materials 

(bio-based), and not being 

biodegradable

e.g. bio-PVC, bio-PP

C. Biopolymers made from 

fossil carbon, and being 

biodegradable

e.g. PBS, PCL



Can be produced by biological systems (microorganisms, plants, and animals), or

chemically synthesized from biological starting materials (e.g., corn, sugar,

starch, etc.):

1. Biopolymers produced by microorganisms, such as PHAs

2. Synthetic polymers from renewable resources such as poly(lactic acid) (PLA)

3. Natural occurring biopolymers, such as starch or proteins—natural polymers are by

definition those that are biosynthesized by various routes in the biosphere.

The most used bio-based biodegradable polymers are starch and PHAs

A. Biopolymers made from renewable raw materials 

(bio-based), and being biodegradable



Can be produced from biomass or renewable resources and are nonbiodegradable:

1. Synthetic polymers from renewable resources such as specific polyamides from

castor oil (polyamide 11), specific polyesters based on biopropanediol,

biopolyethylene (bio-LDPE, bio-HDPE), biopolypropylene (bio-PP) or biopoly

(vinylchloride) (bio-PVC) based on bio-ethanol (e.g., from sugar cane), etc.

2. Natural occurring biopolymers such as natural rubber or amber.

B.Biopolymers made from renewable raw materials 

(bio-based), and not being biodegradable



Can be produced from fossil fuel, such as synthetic aliphatic

polyesters made from crude oil or natural gas, and are certified

biodegradable and compostable:

At least partly fossil fuel–based polymers:

1. Poly(ε-caprolactone) (PCL)

2. Poly(butylene succinate) (PBS)

3. Certain “aliphatic-aromatic” copolyesters

C. Biopolymers made from fossil carbon, and 

being biodegradable. 



Biodegradable versus Bio-Based Polymers 



Q9: Ways to classify biopolymers? 



Classification of Biopolymers

• Based on bio-degradability

• Based on source of origin

• Based on response to heat

e.g. thermoset, thermoplastic…(more specific examples in reading material)

• Based on composition

e.g. blends, composites, laminates…(more specific examples in reading material)



Q10: Types of ways to produce biopolymers? 



Types of Ways to Produce Biopolymers

• Chemical synthesis

• Microorganism production

• Natural type

- PLA obtained by polymerizing lactic acid, which is produced by fermenting  

saccharides and starch derived from corn, potato, and sugarcane.

- Poly(butylene succinate) resins, produced from succinic acid derived from 

starch and 1,4-butane diol.

- Polyamide 11, produced from castor oil.

- poly-3-hydroxybutyrate type resins

- copolymers of 3-hydroxybutyrate and 3-hydroxyhexanoate

- cellulose acetate

- esterified starch 

- chitosan-cellulose-starch

- starch-modified polyvinyl alcohol 


