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Course goal
Development of knowledge and skills in the field of 

environmentally-friendly engineering materials competitive with

traditional materials

The course describes traditional materials as well as modern ones and 

it is focused on biopolymers 

and their composites (natural and synthetic or modified) obtained from 

different kinds of biomass feedstock 

Learning outcomes
Knowledge of:

o basic definitions and classifications connected to materials 

obtained from renewable sources

o advantages and disadvantages of using renewable and non-

renewable sources in materials synthesis, processing and use
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Why to teach about it?

Legal 
aspects

Economical
aspects

Social and 
environmental

aspects

Depletion of non-renewable

resources

Rising prices

of raw materials

Regulations on recycling for 

packaging, automotive, E&E

sectors

It is not to compliment biobased materials and deplore non-renewable ones. 

It is to make students think on when it may be beneficial to use one or another.

Eco-politics, possibility

to get founds, 

projects, etc.

Eco-fashion, 

green-thinking consumers

Restrictions on CO2 emission

Green marketing
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IMPORTANT REMARKS:

ÁThis subject is mainly on biobased 

ORGANIC POLYMERIC MATERIALS 

supplied directly or indirectly by nature

and separated, modified or synthetized by humans.

Á It is not on energy sources. 

Á It is current and developing ï

information will need to be supplemented 

with new knowledge up to date. 

Regional aspects should be considered.

Á It arises topics which can be disputable.
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Topic AH

ÅClassification of raw materials for materials manufacturing into renewable 

and non-renewable. Advantages and disadvantages of the use of non-

renewable sources in materials synthesis and processing and prospects 

for the future.

Renewable vs. non-renewable materials ïhow to show which is better? 

Aspects of LCA (Life Cycle Assessment) analysis. Ecodesign.

ÅRenewable raw sources ïbiomass (definition), different types of biomass 

and the possibility of using them in materials engineering. 

5

Characterization of traditional materials from renewable sources ï

the history and developement: 

ÅWood and wood-based products

ÅNatural fibers (plant fibers and animal fibers)

4

Content (lecture)

AH ïacademic hour (Total: 25 for lecture)
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Topic AH

ÅBiopolymers ïdefinition and basic division. Biodegradability, organic 

recycling, composting and methods of assessing the biodegradability of 

polymers

ÅBiodegradable polymers ïdivision, main examples, properties

and applications

ÅNon-biodegradable polymers ïexamples, properties and applications

ÅBiodegradable vs. oxo-degradable, biodegradable vs. non-biodegradable, 

thermoplastics vs. thermosets ïdiscussion

6

ÅBiocomposites ïdefinition. Components: matrices and fillers used

ÅWPC (Wood Plastic Composite)

ÅNFC / NFRC (Natural Fiber Reinforced Composite)

ÅAshby plots. NFC vs glass-reinforced polymer composites

ÅProcessing of biocomposites with short, long fibers, mats, textiles

ÅReady-to-use compounds, semi-finished products on the market

ÅApplications, advantages and limitations

8

Present and future market for traditional and novel materials obtained from

renewable sources, prospects of development
2
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A simplified organic carbon cycle for engineering polymers: 

biobased and biodegradable polymers (green arrows) 

and common petrochemical polymers (blue arrows) 

Example of short-therm and logn-therm life cycle
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source of metals, glass & 

ceramics and other inorganic

non-metallic materials

used in industry as minerals 

(e.g.: talc, asbestos, diamond; 

zeolits) or rocks 

(e.g.: diatomite, basalt, tuff); 

Engineering material sources

source of polymers and 

other materials like

asphalt, carbon black

source of polymeric

materials - living cells mostly rely 

on macromolecules as their building 

material and chemical energy 

reservoir (e.g., cellulose, starch, 

collagen).

Reserves and consumption
ïshow exemplary data for ores and fossil fuels
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Renewable raw sources ïbiomass (definition), different types of biomass 

and the possibility of using them in materials engineering. 

Advantages and disadvantages 

! Renewable sources of materials ~ biomass. Different definitions

(many for the purpose of defining energy sources) 

ü Talk of sources derived from plants, microorganisms, algaes, animals. 

Examples:

(Used for materials synthesis)

(Used for fermentation and synthesis or modification)

(ĂReady to useò after extraction, modified or used for synthesis)

(ĂReady to useò after extraction or modified)
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Å Food crops sourced polymers and the global lack of food crop. 

Land use.

Å Overharvesting

Å Biomass material inhomogeneity

Å Regional and global avaliability, 

Å Dependence on climate, weather conditions, insects, plagues

Å Costs of cultivation, harvesting and transport

Å Development of genetically modified organisms

Å Biomass processing: materials from renewable sources ï

always eco-friendly (e.g.: PA11)?

Renewable sources - arguable points
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Renewable vs. non-renewable materials ïhow to show which is better? 

Aspects of LCA (Life Cycle Assessment) analysis. Ecodesign.

! The purpose is not to describe how LCA worsk in detail, but to show 

when it is useful, when it is misused and what one should take into

consideration making the analisys.

ü Show that in many cases there is more than one raw source in

manufacturing materials and products ïwhat are the factors that favour

the use one or another in practice?

ü Consider how it influences material choice: materials manufacturing 

and products manufacturing ïusually separate paths (time, place, 

processess)

ü Present differen life cycle stages and variants of LCA

ü Show how LCA and similar methods can be responsibly used

ü Use this course to talk about ecodesing if its not discussed elsvere with

students
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Characterization of traditional materials from renewable sources ï

the history and developement: 

- Wood and wood-based products

- Natural fibers (plant fibers and animal fibers)

! Use native literature

! Remember of regional aspects and potential of your region/country

ü Wood ïfocus on structure-property relationships, characterise the

material in view of various applications. Show novel examples of use.

ü Natural fibers ïshow the properties, structure and compare with other

fibrous materials. Show the variety! Talk in general of applications, but 

the application for biocomposites productuion will be further discussed

in more detail.

ü Use ófacts and mythsô discussing general opinions of traditional

biomass-based materials
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Natural fibers

Animal Plant

From seeds
and fruits

- Cotton

- Rice husk

- Wheat husk

- Corn

- Coconut

From stems and 
leaves

- Flax

- Kenaf

- Jute

- Hemp

- Abaca

- Pineapple

Wood

Mineral

- asbestos

Natural fibers - division
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Material Density

[g/cm3]

Tensile strength

[MPa]

Tensile

modulus

[GPa]

Strain at 

break

[%]

Flax 1.45 500-900 50-70 1.5-4.0

Hemp 1.48 350-800 30-60 1.6-4.0

Kenaf 1.3 400-700 25-50 1.7-2.1

Jute 1.3 300-700 20-50 1.2-3.0

Bambus 1.4 500-740 30-50 ok. 2

Sisal 1.5 300-500 10-30 2-5

Coconut fiber 1.2 150-180 4-6 20-40

Glass fiber E 2.5 1200-1800 72 ok. 2.5

Carbon Fiber 1.4 ok. 4000 235 ok. 2

Kevlar 49 1.44 3600-4100 130 ok. 2.8

Natural fibers - properties
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Properties Natural fibers Glass fibers

Density low higher

Renewable sources yes no

Recycling yes no

Tool wear during processing low high

Health risk if inhaled low high

Biodegradability yes no

Natural fibers vs. glass fibers ïnot a whole picture. An example
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Natural fiber applications

Textile technology: 
spinning, weaving, 
knitting, finishing

Cellulose pulp 
(source of 
man-made 

cellulose fiber) 
and paper

Other 
technical 

applicatons

Composites: 
polymer 

biocomposites, 
concrete filler

Mats and 
geotextiles

Raw material 
for insulation

Filters

Mats for 
mechanical 
vibrations 

damping and 
acoustic 
insulation

Energy

Traditional an novel applications of traditional biobased materials ïan example
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Less popularé and notonly fibrous
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Natural polymers, e.g.: cellulose, starch, DNA, chitosan, collagen, silc, 

latex.

Biopolymers = natural polymers?

PHAs -

polyesters produce

d in nature

by bacterial

fermentation of sug

ar or lipids

Collagen ïthe most 

widely found 

protein in 

mammals, the main 

structural 

component 

of leather and skin

Starch ï

polysacharide

produced by most 

green plants as an 

energy store

An adhesive similar

to cyanoacrylate

adhesive

Latex ïdispersion 

of polymer in 

an aqueous 

medium

Wood as a polymer

composite

Chitin ï

polysacharide. 

which makes up 

e.g.: cell walls of 

fungi 

andexoskeleton of 

insects
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PBS, PCL

TPS, PLA, PHA, 

cellulose esters

and their bledns

N
O

PE, PP, PET, PVC, PA, ABS, 

and other thermoplastic or

thermoset traditional plastics

Bio-PE, PA 11, PA 10,10, 

bio-PET, bio-PP

PETROCHEMICAL BIOBASED

FEEDSTOCK

Biobased and/or biodegradable



Bio-ethanol is produced from sugar cane using a fermentation 

process.The bio-ethylene monomer can then be used in 

traditional polyethylene polymerization processes to make the 

various grades of PE (HDPE, LDPE, LLDPE).
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Biopolymers and the ĂfeedstockĄ technical materialò path possibilities

Biodegradable polymers

Bio-based

Synthetized by 
plants:

Polysacharides 
(starch, cellulose)

Proteins 
(soy proteins)

Synthetized by 
humans:

PLA

Synthetized by 
microorganizms:

PHA,

bacterial cellulose

Natural polymer
modified by humans:

TPS,

cellulose esters

Petrochemical
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Á Biodegradation
conversion of the organic matter into CO2 (or methane), 

water and  mineral salts due to the action of micro-

organism. 

Á Biodegradable polymer
biodegrade in at least 90% by the time of 6-month 

composting in controlled conditions

Á Compostable polymer

o cannot release toxic breakdown products

o cannot influence negatively on the composting

process,

o has to disintegrate into fractions indistinguishable in

the compost

(testing acc. to EN 14045)

Biodegradablepolymer

Olygomers, mers

Mineralisation

intracellular
environment

H2O, CO2 and/orCH2, biomass

BiodegradacjaDefinitions. Example: biodegradable and compostable ïit is not the same.
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Material feature TPS PLA PHA bio-PE bio-PA

Physical properties

Density H M M L L

Strength and stifness L M ïH L ïM L ïM M ïH

Thermal resistance L L ïM M M M ïH

Water absorption H M M L L

End of life

Recyclability L/No L L H M

Biodegrability H M H No No

Market issues

Price M M H L ïM H

Avaliability H H L M M

Traditional and biobased materials - compare
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PLA housing 

of a touchscreen computer

PLA used for 

Röchling Automotiveôsair filter 

Foamed PLA surfboard 

Examples of technical applications for biobased biodegradable polymers
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bio-PE

bio-PET

bio-PA

bio-PU

Examples of technical applications for biobased non-biodegradable polymers
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Å The presence of biodegradable plastic carrier bags in the recycling 

waste stream and the influence on recycling industry

Å The properties and price: biodegradable materials 

vs. traditional plastics

Å Fast degradation ïadvantage or disadvantage

Å Garden compost heap ïis it a place for biodegradable polymers?

Biodegradable polymers - arguable points
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Example: biodegradable and/or compostable vs. oxo-biodegradable

It is not intended for composting

Examples: 

Advertisement of oxo-biodegradable additive: www.youtube.com/watch?v=niYZeQ2lq74

Biodegradable vs Oxo-Biodegradable vs Compostable: organics.org/biodegradable-vs-oxo-

biodegradable-vs-compostable/

http://www.youtube.com/watch?v=niYZeQ2lq74
http://www.youtube.com/watch?v=niYZeQ2lq74
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Biocomposites ïdefinition. Components: matrices and fillers used

WPC (Wood Plastic Composite), NFC / NFRC (Natural Fiber Reinforced

Composite). Ashby plots. NFC vs glass-reinforced polymer composites. 

Processing of biocomposites with short, long fibers, mats, textiles

Ready-to-use compounds, semi-finished products on the market. 

Applications, advantages and limitations

! Use current literature (a lot of books and review articles)

! There are international standards for WPC and NFC products, 

e.g.: ASTM D7032 ï14, ISO/NP 19821, ISO 16616

ü Give definitions ïthe terms connected to WPC and NFC are

frequently confused

ü Show division of the fillers (origin, shape and size, other properties) 

and possible matrices which can be used (biobased and petroleum)

ü Talk of processing issues

ü Show structure-property relationships, show Ashby plots and compare

with other materials and glass fibre reinforced composites

ü Pros and cons with the use of different matrices and fillers
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WPC ïWood Plastic Composite

NFC (NFRC) ïNatural Fiber (Reinforced) Composites

WPC and NFC ïis there a difference?

Usually plant fillers in the form of fiber other than wood

Wood chips, flour, fibers but sometimes

also other similar non-fibrous plant 

fillers like rice husk
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Biobomposies matrices ïmainly thermoplastics of low processin temperatures (190 - 230ÁC) 

and low viscosity:

Á Non-biodegradable polymers, standard or biobased, also recycled polymers: 

PP, PEHD, PVC, PS

Á Biopolymers (PLA, TPS, PHB, CA)

Thermosets: standard petrochemical

thermosets or partially biobased

Various matricesĄ various processing methods

Matrix is also important
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Biokompozyty ïmoŨliwe kompozycje i ich obecne znaczenie na rynku biokompozyt·w

Traditional and biobased materials - compare
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Biocomposites on the market ï

examples of materials and products
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FlexForm
FlexForm Technologies (US)

Natural fibers (kenaf, jute, 

hemp) + PP

Applications:

Á Automotive: Mercedes 

Benz/Chrysler (DCX)

Ford, GM, Honda, Nissan

Á Furniture, panels

Á Packaging

FlexForm in back 

seats

Mercedes M, S
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Fibrolon

FKuR (Germany)

Polyolefins or PLA 
+ wood flour

Applications

ÁInjection molded parts and extruded
profiles, e.g.: dishes, office supplies, 
urns, etc.



36

Kareline® PLMS 

Kareline (Finland)

PP, ABS, PS, POM or PLA

+ wood flour
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98%

2%

NFC market 
excluding WPC, 

EU, 2012
Total: 92000 t

Automotive

Others

NFC
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Motive Kestrel
(biocomposite: thermoset polymer with hemp fibers)
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BioConcept Car
Four Motors GmbH

(biocomposite: thermoset resin with flax, hemp and cotton fibers)
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QWIC Electric scooter 
(natural fibers and polyester resin

biocomposite)
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WPC

67%

23%

6%
2%1%1%

WPC market
EU, 2012

Total: 260000 t

Decking

Autointerior parts

Siding and Fencing

Technical applications

Furniture

Consumer goods
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NEC, FOMA N701i ECO mobile fone
(PLA + kenaf)
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Part 2.

Suggestions for the laboratory work

with examples
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Implementing the course think what your

students know about plastics and composites

üWhat do you teach your students about plastics 

and polymer composites?

üWhat kind of equipment can you use?

üWhat kind of information will your students need?



46

Topic AH

Processing of biopolymers and biocomposites. 3

Composting of biodegradable materials from renewable sources and 

assessment of biodegradation capability.
3

Water absorption and aging process of biodegradable polymers and 

biocomposites with natural fibers.
3

Mechanical properties of biopolymers and biocomposites and the influence 

of water uptake.
3

Structure of wood, natural fibers and natural fiber composites ïmicroscopic 

observations. 
3

Content (laboratory work)

AH ïacademic hour (Total: 15 for laboratory work)
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1. Processing of biopolymers and biocomposites.

! Chose the matrix (thermoplastsic or thermoset) and the amount of 

filler and adequate method of processing, e.g.: injection molding, 

extrusion molding (compounding), hand lay-up, infusion, compression

molding

! Most of biopolymers are thermoplastic

ü Show differences between processing of ótraditionalô composites and 

biocomposites (mainly: biodegradable polymers and composites with

natural fibers)

ü Talk of preparation of the materials for processing

(e.g.: drying, fibers modification)

ü Set and talk about processing parameters

ü Use produced specimens in further tests
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Processing of WPC or NFC
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Using thermosets

(long fibers, mats, textiles)

Á Natural fibers absorb liquid resin 

and swell. The porosity of the 

wetted fiber-preform decreases, and 

hence its permeability, reduces with 

time.

Á Processing usually results in low

fiber volume fraction and uncertain 

void content

Using thermoplastics

(usually short fibers)

Á low processin temperatures and 

short cycles are required: max 190 -

220ÁC

Á Problems with inhomogenity and 

filler agglomerates

Á Low volum fractions for injection

molding

Problems with moisture content and moisture absorpbion rate

Problems with fiber-matrix interface

Processing of WPC or NFC
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Environment ïa lot to choose from

Environment used for biodegradability assessment:

Á Aquatic:

Á Marine

Á Fresh water

Á Sludge

Á Terrestial:

Á Soil

Á Compost

Á Landfill
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ÅISO 14851 - Aerobic biodegradability in aqueous medium by oxygen demand

ÅISO 14852 - Aerobic biodegradability in aqueous medium by evolved carbon

dioxide

ÅISO 16929 - Disintegration under composting conditions in a pilotscale test

ÅISO 17556 - Aerobic biodegradability in Soil

ÅISO 20200 - Disintegration under composting conditions in a laboratory-scale 

test

ÅISO 14853 - Anaerobic biodegradability in an aqueous system

ÅISO 15985 - Anaerobic biodegradability under high-solids conditions

ÅISO 14855-1 - Aerobic biodegradability under controlled composting 

conditions

ÅISO 14855-2 - Aerobic biodegradability under controlled composting 

conditions in a laboratory-scale test

ÅISO 10210:2012 - Plastics -- Methods for the preparation of samples for 

biodegradation testing of plastic materials
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4. Mechanical properties of biopolymers and biocomposites

and the influence of water uptake.

! Choose a test method (most often: standard tensile test) 

and compare various biobased and petroleum materials

! Use technical data sheets (TDS)

ü Test properties of main biodegradable polymers (PLA, TPS, PHB) as 

well as of neat matrices and composites with natural fillers. Compare

the results with resutls obtained for traditional materials 

(own experimental data or TDS)

ü Assess water influence  - tensile test after soaking specimens in water

ü PropertiesĄ applications?
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Wood flour

Flax fibers

Kenaf fibers

Morphology of plant fillers ïexamples


