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Bioeconomy Whatis it?

Whether for food, clothing or consumer goods, in the kitchen or
In the garagemany everyday products contain componentade
from renewable raw materials or are produced ushigbased
procedures Thebioeconomyhas thus made its way Iinto
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Accordingo experts,bioeconomyisd X (1 KS (-§aged t S|
production anduse of renewable resources to make products,
processes angervices available for various economic sectérs
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Bioeconomy Whatis it?

Forthis reason, thdioeconomymakes an important contribution
by linkingeconomic growthwith environmental sustainability
In view of depleting fosstbased resourceg,limate changeand a

growing world population, sustainable resourefficient
strategies aren demand to guarantee the wdtleing of modern

socleties

Which is why thebioeconomyis of central importance in all
economic sectors.
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Modern tools
used In thebioeconomy

The development of theioeconomyis dependent on the use of

modern technologies. In particular, great potential results
through theintelligent combination ofbio andengineering
sciences.

There have been pioneering advances in recent years in the life
sciences that have given the concept of theeconomya major

boost. These include insights indmdiversity, the molecular
basis andhe metabolism of organisms.

Together with innovations from chemistry, systems engineering,
mechanical engineering and information technology, processes

and applications have been developed that carubksed
iIndustrially inmany different ways
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Modern tools
used In thebioeconomy

Dueto the interplay between all these implements, existing
production processelave beeroptimisedand many
Innovative solutiondhave been established.

Today companies caaccess biologicahini-factories in the

form of bacteria, fungi or celss wellasbiobased
processesvith biogas or aquaculture farnand
biorefineriesto manufacture industrial products
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Resources
of the bioeconomy

A key aspect of thbioeconomyis itsrenewableraw material
base.

Biological resourceg by that we mean living organisms such as
plants, animals or microorganismgrow, thrive and produce a

wide variety of organic substances through their metabolism.
This biomassan be used in many ways: as food or feed, as well
asa materialand energy supplier for the industry.

An important goal of théioeconomyis to reduce the
consumption ofossil fuelsin the industry, such as coal, oil and

naturalgas. Byoing this, harmful carbon dioxide emissions can
bereduced
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Resources
of the bioeconomy

MicroorganismsNastematerial andthe environmental impact of
Industrial processes increased.

The use ofenewable resourcess therefore a way to improvthe
sustainabilityof the economy.

The guiding principle of theloeconomyis that of acircular

economy ldeally, there are closed systems where natural aan
wastematerials are not only processed and converted, butadse
utilisedseveral times and converted even further.

This principle is implemented modernbiorefineries Using
different technologieswaste materials such as straw, grass or
wood wastecan be converted into a wide range of intermediate
andend productsc while fullyutilisingall biomass building blocks.
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Bioeconomyin
everyday life

Diversity. Dresses made from milk ooffee, car
tyresfrom dandelion sneakeisoles from rice
husks or armchairs that atanned withextracts
from olive leaveg sometimes you have tlmok
twice to see the qualities abiobasedproducts
and veryoftenyouR2 Yy QU S OGSy &S
biobasedtechnologyis hidden inside

Prof. Dr. C. E. Vorgias, Athens 2017 9



Bioeconomyin
everyday life

Economidmpacty ¢ KS W2 NAI-y A O
known In thefood industry bioplasticsplay an
iIncreasing role in the chemicaldustry and

bioenergy Is a hot topic in agriculture.

However products maddrom natural resources
or biobasedprocedures aravailable iimany
other areas too.

Theimpactof the bioeconomyis alsoevident in
the cosmetics, textile or building industries
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Procedure

: With the help of modern plant breeding
Raw material techniques, researchers at tH@aunhofer
Because natural rubber is elastic even at  Society in Germany have turned a wild
low temperatures, car manufacturers use plant into an useful plant, which is robust
rubber to produce catyres. Traditionally and high yielding.

latex from thesubtropical rubbertree is Togetherwith Germantyre manufacturer
used as the raw material. However, the Continental, gilot plantfor the production
tree plantations are increasingly threatened of dandelionbasedrubberhas been set up

by a fungus, which causes the global in Germany.

market price tofluctuate. TheRussian Here thesapfrom the dandelion rootsis
dandelionis an environmentally alternative. extracted. Thdirst winter tyres havealready
It thrives in Central Europeeven beenlaunched. Road tests apeirrently

on soil unsuitable for farming. beingcarried out.
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. Engine cover

Raw material Procedure

Car engine components have to withstand The Dutch chemical company DSM derives
extreme heat of over 206C.Germancar a building block calledebacicacid
manufacturer Daimler employs for synthesis from theastor oil When

a percentageof raw castor oil for the it is combined with other conventional

production of its Mercedes-£lass engine petroleum-derived componentsan extremely
covers. The oil is extracted from the seeds high-performance biopolymer

of the castor oil planRicinuscommunis is produced. This technical polymer called

which belongs to theuphorbiaceae polyamide is 70%iobased Daimler then

family. The plant is cultivated in barren processes the granulated plastic to make

soil in the tropics and its fruit is inedible.  engine covers. It is heatable and vibration
proof.
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Raw material

Wall plugs are made from highly
robust andresistant plastics such as
nylon.German construction
company Fischaelies ona polymer
that is partly basedn castoroil as a
raw material. The oik extracted
from the seeds of the castor oil
plant Ricinuscommunis which
belongsto the spurge plant genus.
The plantgrows especiallyvell in
India, Brazil an€hina.

Its fruit is inedible

Wall plugs

Procedure

US chemical compariyupontextracts
a chemical synthetic building block
from castoroil calledsebacicacid. The
synthetic polymepolyamide is
producedtogether withother
petroleumderived building

blocks.

Thispolymer is 58%iobased
WaldachtalbasedFischer then
processeshe plasticgranules into
plugs. Théiobasedwall plugs may be
slightly moreexpensivehowever they
are as robust agaditional nylonplugs.
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Raw material

Agricultural byproductssuch as rice
husks, corn stalks, coconut shells and
coffeeresidues areften treated as
waste butthey are a rich source dibres.
Taiwanese comparigtouchlnnovation
combined therice husks with a sort of
biobasedresin. Therthis mixture can be
processed int@ fibre composite building
material thathas similaproperties as
conventionaloilbasedplastics The
material isbiodegradableandtheir
production does notompete withfood
production.

Fibreboard

Procedure

Thefibresderived from the agricultural
byproducts aremixed with natural resins
to createa bio-composite material. As
the product of Taiwanese company
Etouchlnnovationcomes in pellets it can
be used withcurrent plastic molding
methods.Thebiobasedmaterial can also
be combined withplastics maddy
petrochemistry Suchbiohybrid materials
are lightweight sturdy fire-resistant and
haveexcellent insulatiortharacteristics,
making theman attractivegreen building
material.
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Raw material

In nature, there is a mechanism to
eliminate rust Rust is nothing but
atoms of iron whichhave reacted
with oxygen. Andhen thereare
some microorganisms such as
bacteria that eat iron. In order to get
to thisimportant element, the
bacteriaproducesiderophores
These proteirmolecules cairap

iron atoms and incorporate

them into their structure. Which is
why siderophoresare used as
biodegradablerust removers

Procedure

In order to usesiderophoresas biological
dust removers, the German company ASA
Spezialenzymbas developed a procedure
that uses the bacteria of the species
Streptomyceslivaceus The microbes

are cultivated in closed bioreactors and
release the irorbinding molecules in the
fermentation medium. They ardtered

out and manufactured into a usable
product.

Instead of using concentrated inorganic
acids, rust can be removed from iron
parts in an environmentally friendly way.
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Raw material

Biofuelssuch as bioethanol are derived
from renewable raw materials. Until now,

sugars from arable crops have been used.

To avoid competition with food
production residualmaterials such as
straw have comeo the attention of
severalbiofuel manufacturersThis is
because stravor woodis largely
composed ofignocellulosdibres, which
has a high potential foenergy
conversion

Procedure

The Swiss chemical compa@larianthas
established @iorefinery demonstration
plant, in which wheat straw bioethanol is
produced. With the help of enzymes, the
lignocellulose is decomposed and
recovered fromthe plantfibre into its
individual componentsThe resulting
sugarmolecules servas food for yeast
andthe fungiferment them into alcohol.
Thiscan thenbe added to premium
petrol for petrol engines
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Procedure

Raw material Inventors atLignotubeTechnologies have
developed a resouresaving procedure
for lightweighthollow tubes called
Lignotubes which are made from a
multilayer compositenaterial of wood
veneers. Thehin-walled tubes are
lightweightand robustand their
production uses minimalamountof real
wood. Thendividual layer®f veneer are
crosswise gluedlhe firstproduct is a
designer bicycle builising aLignotubes

frame.
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Unlike materials such aduminium iron

or carbon, wood is a renewable resource,
for which you only need sunlight and CO
for photosynthesis. Meanwhile, engineered
wood has caught up in terms of strength
and processabilityThe German company
LignotubeTechnologies usa®al wood
veneer as the basis for lightweight tubes
for bicycles.



Raw material

Many luxury foods contain healthy
ingredients. Amonghem is the
secondary plantompoundresveratrol
Thisexists naturallyn the skin ofred
grapesand theplant Japanese
knotweed. Thenatural substance
belongs to the chemicalass of
polyphenols. As antioxidants, thaye
consideredo protect against cancer
and cardiovasculatiseases.

QH
HD\\‘

Chewing
gum

Procedure

The concentration and quality of the
resveratrol fromplant extracts varies greatly.
Therefore, companies like the Swgsnpany
Evolvarely on biotechnological procedures
they use yeast as microbiatll factories
When fed with sugar, th&ungi produce
resveratrol in large amountsy fermentation
The purified products awhite, odourlessand
tastelesspowder. DanislftompanyFertin
Pharmauses itas aningredient in one of its
chewinggum products
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Raw material

Bacteria are one of the pathogens that
cause caries by producing acids that
damage toothenamel. Now, there is a
probiotic toothpastethat sends
targetedlacticacidbacteria tofight the
pathogens. Thenicrobes are the
natural enemie®f caries After
cleaning, theyaccumulate irthe mouth
around the pathogenand clump
together with them. Thesaggregates
canthen be easily removed.

Toothpaste
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Procedure

Whilst looking foreffectiveweapons
against caries, the German company
Organobalancenade afind in their own
culture collection. Thousands of food
organisms withnteresting features are
stored here. Before they can be used as
an additive fortoothpaste.German chemical
company BASF cultivates the bacteria
in huge bioreactors, which conform to
the standards of the food industry. The
toothpaste is already available to buy in
Croatia from Neva Cosmetics.
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Raw material

Plastics are for the most papetroleum
based But there are now procedures
that usethe renewable raw material
wood as araw material source. A large
proportion ismade up from lignin.
Ligninis awaste productduring paper
production ands usuallyburnt
afterwards But theGerman company
Tecnarauses it as a kegomponent for
biobasedplastics, which cahe usedo
produce a wide range dfousehold
products

Procedure

Tecnargoroduces a biccomposite
material from a mix of biopolymers
derived fromrenewable raw materials.
Theresultisa granular material, which
like plasti¢ canbe processed in injection
mouldingmachines, extruderer
presses iimany differentways.
Furthermore, theproducts are
completely biodegradable and
compostable. Thegan, for example, be
used forthe production of toilet
brushes.
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Toilet paper

Raw material Procedure

The cleaning power of natural bacteria SofiR S bigaétive toilet paper is coated
that live on the skin can be used in domesticwith the spores from the bacterial

toilets: they can break down the most specieBacillussubtilis The bacteria are
diverse organic matter. The Italian company sprayed onto the inner sides of adjacent
Sofidel has launched a bioactive toilet layers of paper and only release their spec

paper that uses this technology. When it ~ cleaningeffectin the sewage pipes
comes into contact with water, the spores ~ when the toilet paper comes into contact
germinate, multiply and clean the sewage With water. Because the pulp structures
pipes from its deposits. are loosened from the paper, the bioactive
toilet paper protects the sewage system
at the same time. Applied long term, less
maintenance in septic tanks is necessary.
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Detergents

Raw material Procedure

Manufacturers of cleaning products such  |ndustrial enzymes for cleaning products
as detergents have been using the power and detergents have the biggest market
of enzymes for many years. The share. A variety of biotech companies
biocatalysts accelerateiological processes have developed special procedures to
and areactive even at low temperatures.  enable theproduction of vast quantities of
There areseveral classes of enzymes. Somethese bioactive ingredients in steel
remove dirtparticles, while others work by  bioreactors.
preventing the fabrics from pilling. The use To do this, microbes such as yeast
of enzymes means that less detergent and or bacteria are converted into industrial
energy is required. production organisms which are then used
by companies such as German company
Henkel or Italian Allegrblatura
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ace cream

////

Raw material Procedure
LGQa 06SSy 1y26y T2 NreRkasm&i&itn Kdrksusies yeasStl & (
extracts aid in wound healing. cells as minfactories. The microorganisms

Researchers observdlat, as a response are cultivated using fermentation

to stress factorsuch as ultraviolet light,  biotechnology. They are fed with a special
ozoneor heat yeast cells start to produce diet of amino acids. When the yeast cells
a setof protectivemolecules. Some of are irradiated with UV light or treated
thesenatural agentdave interesting skin with ozone, they start to produce short

firming properties makingthem biomolecules, known dsexapeptides

interesting candidates asomponents in ~ These agents can be isolated and used as

face andbody creams bioactive ingredients in ariging creams
or lotions.
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// // Conditioner
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Raw material

Growing and regenerating hair depends on
the activity of stem cells, which reside
close to the hair follicles in the skin. Hair
follicles can be viewed as miofgans, : _ _ _
embedded in a microenvironment. When the hair follicle microenvironment.

they are not working properly, loss of hair According t Q h Nlgslstimulates stem
density can be a consequence. Researchef€!l activityandrevitalisesthe hair. The
at the French cosmetics compaiyQ h NB |.cqmpound hg&llnlcqlly proven its capgmty
have discovered a bioactive molecule that © Increasenair density (number of visible
impacts the regenerative potential of the ~Nairs) in three months time.

stem cells

Procedure

The researchers havdentifieda molecule
calledstemoxydine When applied to
the scalp, iapparantlymimics hypoxia in
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Tralners

Raw material Procedure

The waste which accumulates during ¢KS NBYI1S 2F t dzvl Q.
food isusually thrown away. Thisisalso & { dzZSRSé¢ 41 a4 R Sddud@y S
true for ricehusks. German sportswear  based mainly on recycling. Compared
manufacturer Pumases this waste to conventional products, it reduces CO2
materialforitsecof NA Sy Rf & - i N$ Wy ELaNm2 yoavSo e y x: @

N~

& dzS Rledicehusks replace aportion 2dziaz2€t S GKFIQa YIRS

of the rubber contentused for the materials. ThesyntheticUltrasuede
outsoles.Therefore lespetroleum- uppermaterial isalso comprised of

based rubber is usedhisreduces recycledpolyesterfibresd ! YR g K| |
energy consumption and increases more ¢ the shoecomes insustainable

the environmental balance. packaging;t dzY leQleaer Little | 3 € @

Prof. Dr. C. E. Vorgias, Athens 2017 25



Raw material

Tennis players choose rackets that enable Procedure
them to maximisetheir performance

and lower the risk of muscular injury.
Together withFrenchLineosporting

goods retaileiDecathlon has developed a

for linen used in the textile industry. The g flax content of 8% to 25% givesfective

important structuralcomponent of a elbow.
hybrid material

Theflaxand a resin are combined to
create abiobasedcomposite material.
Theflaxfibresare incorporated into the
frame as drapdormed plies offlax’epoxy
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T-Shirt

Raw material

At best, aft er brewing a cup obffee Procedure | |
the averageconsumer will dispose of the From espresso to functional clothing: the

coffee groundsn the composbin. Taiwanese compangingtexs a pioneer in

| 2 6 S JS NIoréit&cBfiedy@ands usingcoffeegrounds for the production of
than meetsthe eye. They absorb sustainable textildibres. The biggest
unpleasanbdours dry quickly and OKFttSy3as Ay UK®/LNE
protect fromUV light Which makes it an clothing range was theeutralisationof

ideal resourcen the development of the coffeearoma. First, theoffeegrounds
sustainableextiles forprofessional and ~ are crushed into microscopic pieces and
recreationalathletes. Taiwanese then mixed with polyestefibres. Hugo
companySingtexhas been using Boss, Nike anffaudeuse thesdibresto

coffeegrounds from Starbucks for their make sport andeisurewear.
Of 2UKAV[IP/NITFESHGO8 HAAncd
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Clothing
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Procedure

It has long been known that casein
canbe spuninto fibres. However, not
only a lotof water, but also a lot of
chemicals areequired forthis: now
beeswax anainc havebeen added.
The production ofhe organicfibre is
carried out to meethe Global
Organic Textile (GOT) standard:
compared to the conventional wet
spinning processignificantlyfewer
resources areonsumed.

Raw material

Milk is a popular food product, but not

all milk proteins are actually used. Every
year, millions ofonnesof milk are accrued,
which cannot be used for consumption.
And this is where the technology of
German compan@®milchand Swiss textile
fi rm Calidacomes in. They use the milk
protein Casein for the production of textile
fi bresand clothing such as dresses or
underwear. These are silky to the touch,
naturally antibacterial and can be easily
dyed.
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Raw material

Procedure

Kids can be rough on their clothes, The enzymes are produced ingustrial
especially whenhey wear the same microorganismsAs theenzymes are
school uniforrday in and day out. added during the textile bleachirand
Britishretailer Marks& Spencer in a dyingprocess, the whole industrial
collaborationwith Danishbiotech process savewater and reduces energy.
specialistNovozyme$ave developed The enzymeswvork asbiocatalysatorand
schoolweatthat isproduced witha help thefibresstrengthen from the inside
special enzyme technology that out, helpingto eliminatefibre ends that
1SSLIA (KS (1 ARaQ dzy Aca2dNdbat frdm2e sukfata This kepS
new longer At the same time, the the surfacesmooth, reduces pilling and

production processs more
sustainable

ensures consistertiright colours
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Raw material

Procedure

Stones made of the mineral granite are The granite is crushed and ground into
known for properties such as durability grain fractions oflifferent size. Water

and extreme hardness. Artists and and a mix of microorganisms is then
architects have dreamed of being able to added. The yeast and lactic acid bacteria
mouldthis material just like ceramic. On serve as binding agents. The moist

the basis of pure granite which is mined material carbe formed like a ceramic clay.

in quarries and crushed in a mineral mill,  As thematerial is very sensitive, it must
DenkKeramikg a manufacturer of ceramic  be shapedvith a lot of technical skill.
productsg has developed a innovative After firing, it is crystalline grey ioolour

material calledGranicium

and hardas granite.
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Raw material

Carpets have to be durable, easy to clean

and as soft as possible. This is achieved
using special synthetitdores. Nowadays,
they are partlybiobased The chemical
companyDupont for example, uses

corn starch as a plasiiased raw material.
The starch is converted into sugar

by enzymes and subsequently serves as

a source of food for special microbes that

turn it into bio-based polymer building
blocks for higktechfibres.

)
b A
e
Procedure

The production obiobasedhightech
fibresfor carpets is carried out using
the bacterialspecies Escherichia coli.
These were purposefully reprogrammed
into biologicalmini-factoriesthat
producethe basic platfornchemical
1,3-propanediol (BiePDO).This
synthetic buildingolock is linked to the
petrochemicalderivedmonomer TPA
and turnedinto aplastic. Usinghis
plastig the USirms Dupontand
Mohawkproduce a carpethat is37%
bio-based.
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Armchair

Procedure

Tonesof olive leaves fall every year at
harvest time in the Mediterranean, and
until now, most of it was burned as green
1Waste. Two German companies \Aggeen
and NZymeBiotechave developed a
process thaextracts the tannins from the
olive leaves in an aqueous solution. This
cuts out toxic acids and salts during the
procedure. The tanning agent has IMO
approval, which permits the production

t . .

of premium leather according to the IVN
Natural Leather Standard.

Raw material

Tanning agents based on heavy metal
salts such as chromium (I$hlphateare
usually used in the industrial production o
leather. Olive leaves are a natural and
environmentally friendly alternative. They
contain secondary compounds which the
plants use as a pedefense. This forms

the basis for a biodegradable tanning
agent. It not only protects the environmen
but also makes the leather extremeditin
friendly.

Prof. Dr. C. E. Vorgias, Athens 2017 32



