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Biotechnology is defined as the application of science and technology
to living organisms as well as parts, products and models thereof, to
alter living or non-living materials for the production of knowledge,

goods and services @
//

OECD

Biotechnology is any technological application that uses biological
systems, living organisms or derivatives thereof, to make or modify
products or processes for specific uses CBD, 1992
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sustainable development

»1987, Brundtland Report

“ Sustainable development is development that meets the needs of

the present without compromising the ability of future generations
to meet their own needs. It contains within it two key concepts:
The concept of 'meeds', in particular, the essential needs of the
world's poor, to which overriding priority should be given; and
The idea of limitations imposed by the state of technology and social
organization on the environment's ability to meet present and future
needs”

World Commission on Environment and Development,
Our Common Future (1987)

Our Common Future, also known as the Brundtland Report, was published in October 1987 by the United Nations through the Oxford University
Press. This publication was in recognition of Gro Harlem Brundtland, former Norwegian Prime Minister and Chair of the World Commission on
Environment and Development (WCED).
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Aglpopikny avamtodn

»1992, Rio de Janeiro Earth Summit

v'Convention on Biological Diversity (CBD) Convention on

Biological Diversity
the conservation of biological diversity

the sustainable use of its components
-the fair and equitable sharing of benefits arising from genetic resources

v'Rio Declaration on Environment and Development
27 principals

“...socially inclusive and environmentally sustainable economic growth”
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Aglpopikny avamtodn

»2000, Cartagena Protocol on Biosafety

The Cartagena Protocol on Biosafety to the Convention on Biological
Diversity is an international agreement which aims to ensure the safe
handling, transport and use of living modified organisms (LMOs)
resulting from modern biotechnology that may have adverse effects on
biological diversity, taking also into account risks to human health.

»2010, Nagoya Protocol; Aichi Biodiversity Targets

Strategic Plan for Biodiversity 2011-2020 and the
The Nagoya Protocol on Access Aichi Targets

to Genetic Resources and the Fair Live in harmony with nature
e O AICHI TARGETS= 20 TARGETS, 5 SECTIONS
Arising from their Utilization to ——————
the Convention on Biological B
Diversity is an international
agreement which aims at sharing
the benefits arising from the
utilization of genetic resources in
a fair and equitable way.

Reduce the direct pressure

biodiversity by safeguarding
ecosystems, species and genetic
diversity

Enhance implementation through
participatory planning, knowledge
management and capacity building

Enhance the benefits to all
from biodiversity and
eCosystem services




Aglpopikny avamtodn }

RIO+20
»2012, Rio de Janeiro Earth Summit @ Colfereita oh
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Development

»2015, The 2030 Agenda for Sustainable Development
(17 SDGs)

1 boveery 2 ez 3 Howmicene | 4 Ducanos EQUALTY ANDSANTTON
3 e T el
8 tovomcaronms [l 9 Noweuisrrcroee § 10 neouatmes JDCOMMINITES
i nﬁéa
T T [T O

PARTNERSHIPS

1 FORTHE GOALS @
@ B
GOALS




»2015, The 2030 Agenda for Sustainable Development (17 SDG’s)
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The short titles of the 17 SDGs are: No poverty (SDG 1), Zero hunger
(SDG 2), Good health and well-being (SDG 3), Quality education (SDG 4),
Gender equality (SDG 5), Clean water and sanitation (SDG 6), Affordable
and clean energy (SDG 7), Decent work and economic growth (SDG 8),
Industry, innovation and infrastructure (SDG 9), Reduced inequalities
(SDG 10), Sustainable cities and communities (SDG 11), Responsible
consumption and production (SDG 12), Climate action (SDG 13), Life
below water (SDG 14), Life on land (SDG 15), Peace, justice, and strong
institutions (SDG 16), and Partnerships for the goals (SDG 17).

PARTNERSHIPS
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»2015, The 2030 Agenda for Sustainable Development (17 SDG’s)

The Commission’s holistic
approach to sustainability
A new plan for Europe’s
sustainable prosperity and and the SDGS

competitiveness
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Supporting people, strengthening -, . -
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Sustaining our quality of life: Gi‘i"'ﬂ"-?w
food security, water and nature

Protecting our democracy, 10 =t 16 o

upholding our values ! @

A global Europe: Leveraging
our power and partnerships

Delivering together and preparing
our Union for the future




Bioowovopia

«Broowovopia amotedet ) Paocifopevi) Ot yVOOn KAt xpron
Prodoyikov nopwv, napaywyr xat owabeon Prompoioviav, aAAd Kat
OlEPYdOl®V KAl LIMNPEOI®V O OAODG TOVG OLKOVOHMIKODG TOHELS OTO
IIACLO010 €VOG AELUPOPIKOD OUKOVOHIKOD OLOTI|HATOG»

Bio-economy Council
(Bioeconomy -Biobased Economy)

BloAoyikot mopot

Opyaviopog 1) pepog 1 NAPAY®YO ALTOD 1] YEVETIKO DAIKO e
IPAYPATIKY 1] duvnTiKN adia 1y xp1on yid v avbponotnta
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KoxAwr) Owovopta
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OIIATAANG T®V HOP®V IIOL XPNOOIOIOLVTAL 0TV HApay®yiky dtadikaoia, divovtag
gpaon oty adloroinor avavemnolpmVv IOPOV, GUTIK®OV KAl {(OK®V DIIOIPOTOVIOV
KAl Plodrotkodopno®Vv LAKK®V, TNV avdkinon Kdi TNV enavdayprolpoIioion)
IIPOTOVT®V, AAAd KAl TNV HAPAY®YI] EVEPYELAG OO TAd AHOPANTA HAPAYDYIKOV
Oladkaowwy, T datnpnorn &vog IMPOIOVIOG O KAAI] AEITOLPYIKI] KATAOTAOL Yld
PAKpPL XPOVIKO O1a0Td, T XP1OOHOiN0n IPOoTOVI®MV Yid TNV IAPOX1) DIIPEOLOV
oe moA\amhovg xproteg (sharing economy), xat ) xpron Tig OLINPEECIAG IOV
IIPOOPEPEL VA IIPOLOV KAl O TNV KATOXT] ALTOL TOL 18100 TOL IPOTOVTOG.

EE xpnon 15 tovvot/atopo, 4,5
R i Y ik TovLat., armoPAnta, V2 XYTA

SN t qi
Lge
o

L ey
W dispose

g bl e remake Lise
-
i -

S pollute 5 .
¥ Sy

T 10 Cathrrnrs Wineiman 2516

Remanufacturing

¥ Refurbishing

EDEILAIED

ETpappks Owovopia =

Dematerialisation



lBlOTaxvo)\oyia l Agipopia

A SUSTAINABLE AND CIRCULAR BIOECONOMY FOR EUROPE

End poverty and hunger
inall forms and ensure
dignity and equality
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PartnersHip
Implement the agenda PEACE
through a solid global ~ Foster peaceful, just and
partnership inclusive societies
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Avarrtodn-
Kepdo

Epyaowa Ilepipallov Yyeita Tpogry Evepyeia Ilpoiovta
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THE INDUSTRY ASSOCIATION FOR

Agriculture & Agrifood,
Aquaculture & Fisheries,
Bioenergy, Chemicals
Forestry, Pulp and Paper,
Cosmetics, Nutraceuticals,
Pharmaceuticals

Biofertilizers, Biostimulants,
Biocontrol, Ecosystems

Plants, animalg, microbes and biobased process side and
waste streams) Materials from thermal oxidation, pyrolysis

ST R T E G I C S E C TO RS and gasification processes, and high-purity recovered
A materials, Biomass, Feedstock & Ingredients, Algae

BioTechnology BioResource

. : : . . Renewable
BiobasedIndustries &Biomantfacturing

Biological Resources

L] (]
BioEcology BioSociety
Social Engagement Educational programmes,

Biodiversityand Sustamable Aericulture A : .
Y 3 & Inclusion Skills and jobs,

Bioeconomy literacy,

Societal acceptance,
Bioethics
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Broowovopia-KokAikr Owovoptia-Biotexvoloyia

CBE-JU, BIC, CEE2ACT
“PROMOTING BIOECONOMY IN GREECE”
National and Kapodistrian University of Athens
Panepistimiou Central Building Athens, Argyriadis Amphitheater
Monday 15 April 2024, 13:00 - 20:00

l.'h‘}BE '

https:/ /clube.gr/

@ Circular
Bio-based
CEEZACT 0() oS e

https:/ / greekbioeconomycouncil.gr/



Bioeconomy in practice: Cases in Greece

Greek aromatic herbs oils at industrial level Alexios Pantelias, Owner of Alexpant LtD.

Nature4Nature: An innovative and globally unique coastal erosion protection method Prof.
Niki Evelpidou, NKUA-Bio3

Exploiting residual biomass for bioplastics Nikos Damatis, General Secretary, Hellabiom

CluBE’s other European projects on Bioeconomy

BIOMODEL4REGIONS B/E at regional level

BIOTRANSFROM Circular B/E through Biorefineries

BEAMING Widening B/E excellence: project

BBTWINS Digital Twins for Bioeconomy

C4B Circular Bio-Based Business models

MODEL2BIO Modelling tool to add value to agrifood residues

ROBOCOQP circulaR bioecOnomy Business mOdels owned by agroCOOPeratives

Decarbonizing the EU economies, starting with the food sector Vasilis Stenos, CEO of Solmeyea
S.A.

Industrial crops for Biobased products and Bioenergy Efthymia Alexopoulou, Energy Crops
Unit, Biomass Department of CRES

Greek Bioeconomy Council: The Way Towards a Circular Future Maria Andrielou, Founder of
the GBC, Owner of Clean Stories
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Xpopata roteyvoloyiag
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BIOTECHNOLOGY

Red
White

Green
Blue
Yellow
Grey
Gold
Brown
Violet
Dark

Medicine and human health

Industrial processes involving microorganisms
Processes improving agriculture

Marine biotechnology

Food and nutrition /insects

Envirnomental biotechnology

Bioinformatics, computer science /bionanotechnology
Biotechnology of dessert and dry regions

Law, ethics, philosophy  Intellectual property
Bioterrorism, biological warfare

https:/ / steemit.com/steemstem/ @jepper/ all-the-colors-of-biotechnology
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Red Biotechnology
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https:/ /w

Marine living
resources

.:.
Il

Biotechnology
Toolbox

* Biodiscovery

* Molecular biology
* Biochemistry

* Nanotechnology

* Bioinformatics

m\:s/_-

Services

D —
il

Products

* Ecosystem
management

* Basic research

* Bioremediation

* Drugs

* Biofuels

* Electricity

* Food

* Enzymes

* Compounds

* DNA blueprints




Marine biotechnology securing environmental health

Examples

Marine derived antifouling strategies

Marine habitat restoration
Bioremediation of marine ecosystems
Biosensing

Biostimulation

Bicaugmentation

Important marine sources and research areas

Research area Marine source Alms

. Development of innovative methods
Algae, invertebrates,

Food To increase aquaculture production
fish 5 ;
Zero waste recirculation systems
Biofuel production
Encrgy e Biorefineries
Al
Health ; i spnr'lga, To find novel bioactives
microorganisms

Biosensing technologies for marine
Environment Marine organisms |environment monitors

Non-toxic antifouling technology

Industrial Production of marine biopolymers for
products food, cosmetics, and health

[Springer Handbook of Marine Biotechnology]

https:/ /www.slideshare.net/niranjanamenonl /blue-biotechnology-72049260
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Bloxavowa (oypa,
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@DTOSgDYiC{VOH g\:'e;lz::lllcii‘:g:]r;butes 7.100 MtCOze/year or 14.5% of total global

Z®1K1) TAPAYDYT) .

70% of agdricultural land

14.5%

" oftotal GHG JT T
emissions

Big Facts & sz @
coaks.cgiarong/bigiacts COIAR  FoedSecmy  CCAFS

['evetikn) pnyaviki @utov-olayovidlaxka

BroeAeyyog (Proxtova)-
BlroAutaopata

Rhizobium Azotobacter  Azospirillum

g b -
Cyanobacteria AM fungi


http://www.worldwatch.org/peak-meat-production-strains-land-and-water-resources-1
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Bloevepyela
Tackle food - (DDT()E@DY]'C[VOI]
- Plants for
security
issues : :
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Reduce the
environment
al footprint . '
it Zoud napayyl

Kal\igpyeta guTikoo 10Too in vitro

Environmental footprints are
quantitative measures showing v - - v
the cppiilkistonicE ['eveTikn) pnxaviki) uI®Vv-0layovidlaka
resources by humans
(Hoekstra, 2008).
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OwKoAOY1KO arotonepd

OwoAoyiko anotvniopa (ecological footprint), Reese 1992

The ecological footprint measures humartdemand on nature, ive., the quantity
of nature it takes to support people or an econowmy. It tracks this demand
through an ecological accounting system. The accotints contrast the biologically
productive area people use for their consumptioxt to the biologically productive
area available within a region or the world (Piocapacity, the productive area
that can regenerate what people demand froyh nature). In short, it is a measure
of human impact on Hearth’s ecosystem /and reveals the dependence of the
human economy on natural capital.

The consumption of biomass, energy, building material, water and
other resources are converted into a normalized measure of land (gha)

Atebvr) extapua (global hectare, gha)
Extap10=10.000p?=10 otpeppata

depovoa Broikavotnta (biocapacity)



OwKOoAOY1KO anotonopa
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" Global Footprint Network Q
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Ecological Footprint

The Ecological Footprint is the only metric that measures how much nature we
have and how much nature we use. The Footprint helps:

COUNTRIES LOCAL LEADERS INDIVIDUALS
improve sustainability optimize public project understand their impact
and well-being investments on the planet

ATOPO, OPACTNPLOTNTd, IEPLOXT, XWPA, HAYKOOULA

Ecaptnon Owovoptiag aro to Pvowko Kepalaro=BioAloyikoog [Topovg

ZNPAVTIKOTITA Y1d EKTIINOT AELPOPLKIG AVAIITUSHGS

AvBpwrioyevr)g erriopacn oto nepPariov

(anthropogenic impact on the environment)



| OwoAOY1KO anoTonOpda
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Africa

M Middle East/Central Asia

M Asia-Pacific

M South America

B Central America/Caribbean
North America
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OwoAoy1KO eNetppa Owoloyko anobepa

PEPOLOA PLOTKAVOTNTA - OUKOAOYIKO AIIOTOIIOHA

lobal Footprint Networ

i@!] Advancing the Science of Sustainability

2012 1,73 gha/person -2, 84 gha/person

Owoloyiko eNetppa -1,1 gha/person

65% TePLO00TEPT] KATAVAAGDOT A0 HAPAYDYI)



l OwoAoy1KO eEANAeppa l Owoloyiko amnobepa

o 2

ECOLOGICAL DEFICIT/RESERVE BIOCAPACITY CREDITORS BIOCAPACITY DEBTORS

. L ) . . BIOCAPACITY GREATER THAN FOOTPRINT FOOTPRINT GREATER THAN BIOCAPACITY
An ecological deficit occurs when the Ecological Footprint of a
population excesds the biocapacity of the area available to that

population. A national ecological deficit means that the nation is
importing biocapacity through trade, liquidating national ecological . . . . . .
3szets or emitting carbon dioxide waste into the atmosphers. An

scological reserve sxists when the biocapacity of 2 region excesds =150% 11093%- 50% - 100% 50% - 0% =150% 11059:?‘?‘&- 50% - 100% 50% - 0%

its population's Ecological Footprint




OwoAoy1Ko eEANAetppa
. GREECE (2017)

COUNTRIES WITH BIOCAPACITY RESERVE
PERCENTAGE THAT BIOCAPACITY EXCEEDS ECOLOGICAL FOOTPRINT

French Guiana

Suriname
Guyana
Gabon
Congo

Uruguay

Central African Republic

Bolivia
Brazil

Paraguay

@

Biocapacity
per person

1.4

Ecological Footprint and
Biocapacity
From 1261 to 2017

Ecological
Footprint per
persan

Biocapacity per
persan

Learn More

OwoAoyko anobepa

GDP PER PERSON POPULATION
§23,053 11,159,800
Ecological Footprint ® BIOCAPACITY ®

per person RESERVE(+)/DEFICIT()
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Data Sewrces: National Footprint and Biocapacity Accounts 2021 edition (Dats Year 2017);
GDP, Werld Development Indicators, The World Bank 2020; Population, U.MN. Feod and

.COUNTRI ES WITH BIOCAPACITY DEFICIT
PERCENTAGE THAT ECOLOGICAL FOOTPRINT EXCEEDS BIOCAPACITY

United Kingdom
Jamaica
Cabo Verde
South Africa

Darti:=c
Greece
El Saivador
Djibouti

Comoros

Global FooTprmt Network

Sustainability

Sri Lanka
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AgvKr) Proteyvoloyia

AwA0TH)p1o BrodtoAotrpro
Fossil resources Biomass
Petrochemistry Biotechnology
Biobased
Monomers building blocks

: 1 |

Chemical Chemical
Industry Industry

Products Biobased
Products

www.boku.ac.at/bioconversion.html
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Separation Examples

Technol
ecnnology FUELS Ethanol, Biodiesel

U Acetone, Butanol, .
| SOLVENTS
r 3 Tetrahydrofuran
BIOMASS & P
Succinic Acid
— !
@ @ g ‘:::’ CHEMICALS Sucrose
= |—=>[rLasTICS Thermoplastic
=>| Starch
O [::}l FIBERS Cellulosic fibers
o % FINE Isosorbides,
"“-—-"'j \ CHEMICALS | Llactic acid esters

| OILS Corn oil or
triglycerides

(Bio) Catalytic
Conversion



AgvKn) Protexvoloyia

Polyols

Polyacids
Monomers

Polyesters
Alkyd Resins

Polyurethanes
Epoxy Resins
Acrylic resins

Biological Feedstock

Basic raw materials

Biotechnological
and/or
Conventional Processes

Coating Resins

Oil crops

Vegetable oils

Polyols
Fatty Acids

Polyurethanes
Alkyd Resins

Polyamides
Epoxy Esters




AgvKn) Protexvoloyia

Impact of white
biotechnology

Increased process
efficiency

Renewable feed-
stock

IMPACT ON ENVIRONMENT - DECREASING THE FOOTPRINT

Reduction of

*Greenhouse gas emissions
*Emissions to water
*Emissions to air
*Resource usage

Riese, 2009




AgvKn) Protexvoloyia

IMPACT ON ECONOMY - CHEMICAL INDUSTRY

Impact of white McKinsey estimate of annual added
biotechnolo gy value by the global chemical indust

C ost reduction S gons 11 -22 l-""l
* Raw materials Y
* Process coss —. | 612 5
* Investments 1]
1|

Additional revenues

* Newproduds

* Value-added processes

Source: Mdin zey

Riese, 2009




AgvKn) Protexvoloyia

IMPACT ON SOCIETY

Impact of white
biotechnology

Employment mufp *Create new jobs

M == +New technologies to meetfuture challenges

Responsibility =P S ave valuable resources for future generations |'

L~ -

Riese, 2009




BASF:fungus Eremothecium gossipii

' ' ADM: fungus Candida famata
AEDKI] BIOTEXVO}\OYIC[ DSM: Bacillus subtilis gen. eng.

CASE STUDY: VITAMIN B2

Life cycle assessment of Vitamin B2

/émr irgwﬁen tal and economic

Traditional process

Biote ch
8-step chemical synthe sis 9

Traditonal

Higher

Costs

Biotechnological process BASF Y,

L1t il '-'-""l'.- -.:d; 1]

"t
[
| ]

1-step feme ntation process ik

b

Source: BASF, Oekolnstiute

Riese, 2009|
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CASE STUDY: ANTIBIOTIC CEPHALEXIN

Traditional process

10-step (bio }chemical synthesis Environmental
Savings
* Materials used
* Energy
' consum ption

Economic

D&M Lga

Biotechnological process Variable cost reduction

Combination of a fermentation and an

enzymatic reaction

Source: DSM, Oeko Insftute

Riese, 2009
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CASE STUDY: TEXTILE ENZYMES

Traditional process

Treatment with hot alkaline solution

@

Biotechnological process o

I T

Use of scouring enzyme in water

Source: Now zynes, Oeko Insfite

Environmental

Savings

* Pimary energy
demand

* Emisions
fo water

Economic

Costreduction

Riese, 2009
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Traditional process

* Palymers from oil

.t

Biotechnological process

NatureWorks™ |11 Cargil Dow
' * Bio-degradable polymer
.E- made from corn

[.*.

Sorona® @1 PINT
* Polymer based on
dextrose from corn

Source: Cargill Dow, Du Pont

CASE STUDY: BIO-BASED POLYMERS

|
|Environme ntal
Average reduction of fossi inputs

Economic

* Cumently competitive in niche
app ications

* Future comp etitiveness hig hly
depe ndent on feedstock costs

Riese, 2009
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CASE STUDY: BULK CHEMICALS

Traditional process

Environmental

Fossil resources Reduction of CO, emissions
relative to traditional counterparts

Ethanol -108%

Production of Ethylene
"'-"' * Fuel

Biotechnological process

. Economic
* Chemicals

Renewablke biomass * Ethylene not viablke today

* Breakthroughs n biomass
conversion required

* Global waste bio-mass sufficient
for up to 40% of all bulk chemicals

Source: Oe ko Insiute, McKinssy

Riese, 2009
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030519_DUS_he_0418138018

Bio-based chemical products offer advantages for the carbon footprint

and other environmental criteria

* Reduced environmental impact of bio-based

) X products has resulted in a surge of industrial

— Reduced GHG footprint compared to fossil-

based feedstocks
100 @ — Reduced energy consumption during
a0 l production processes (e.g., through use of
enzymes)
-90% Qi -90% — Reduced environmental impact ("green”

solvents, reduced water consumption,
degradable by-products, etc.)

10 10 — Renewable raw materials
| L | » True benefits remain to be assessed for each
Crude- Com Suga[ LC individual cnmpnund, depending on
based ethanol cane ethanol — Type of raw material (e.g., sugar cane vs.
gasoline ethanol comy)
LignoCellulosic ethanol | | — Origin of raw material (e.g., production on

agricultural land vs. deforestation)

— Agricultural techniques (e.g., fertilization,
imigation, use of pesticides)

* Conventional view excluding land use changes .
Source: McKinsey analysis Riese, 20Q9
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OVERVIEW CASE STUDIES

Economic
Case studies Environmental impact” impact’
Energy Raw materials CO, Production
efficiency consumption emissions costs
*Vitamin B2 + ++ + +
(BASF)
* Antibiotic ++ ++ + +
Cephalexin (DSM)
* Scounng enzyme + + 0 +
(Movozyme s)
* NatureWo riks™ + ++ ++ 0
(Cargil Dow)
*Somna®
(DuP ont) + ++ + +
* Ethylene from 0 4 s B
bio-mass (future
scenarno)

— — or maore than 50% increased

* Red uchio nfor biotechnolog ical process using ++ for more than 50% educed, 0 forneutal (+/- 10% ) and
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[Ipootaotia-anokataotaorn mePPAANOVTOG

*EneCepyaocia vmoAeippate®v Kat arnoPANtev

*BroeSuyilavon ponaopevav cootpuat®v

* [TapaxoAovOnon kataotaong nePPANAOVTOG-EYKALPT) AVIXVELOT POIIAVONG
‘[ IpoAnyn dratapaywv-pornavong neptParAovtog

Environmental
biotechnology “

- Pollution
Manufacturing "

prevention/
process cleaner

Pollution

production [+ control
r

i i

Waste
management

-l

el

Awatnprnorn PrormotkiAotntag
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Alatprnon g PromouiAoTnTag

‘[Ipootaoctia e0wv, ex-situ & in-situ Olatr)pnon
‘[ Ipootaoctia, anmoKataotaot) OIKOTOIIMV
‘['evetikr) avalvor) eldwv-yevetikd anobepata-Tparedeg

*BeAtiotonoinon avanapaymyng
(em\oyr) pe popraxovg deikteg, KaAepyela GLTIKOL 10ToD in Vitro)



Blotexyvoloyia

x

Alatr)pnon g PLonowiAoTnTag

‘['evetikn) ponavon-vpprdoomnoinon
‘['eveTikr) pnyavikn-Olayovioltakotl opyaviopot

*Texvoloyla putmv «eSolobpevtng»
(Terminator-Genetic Use Restriction Technologies GURTS)
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[ Ipootaoctia-amoxkataotaon HePPANAOVTOG

‘EneCepyaoia yempylkov Kat Blopnyavikov
DIIOAEIPPATOV, ATIOPANTOV KAl ADPAT®OV
(LYPWV KAt OTEPE®V)

[Tapaywyt) Bro-Paoilopevov IpolovImV KAl EVEPYELAG

BlodwAotr)pro
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1200 -

1000 -

800 -

M tonnes

600 -

per annum

400

200 A




* A110 Bropala
* Bloammowodoprjojio

ProotoAoTtipro

OH OH ©

HO.

1 Y H
OH OH

Copwon

OaxKyapd
0]

L

OH

anootagn

YAAAKTIKO 08D

IO o | HOADpPEPLOPOG o
o] Oi i\o/c/HTro\lCHfH\n

CH;

lactide

www.boku.ac.at/bioconversion.html POlylaCtiC acid (PLA)


http://upload.wikimedia.org/wikipedia/commons/0/06/Glucose_chain_structure.svg
http://upload.wikimedia.org/wikipedia/commons/a/af/Lactide.png

A€k froteyvoloyla

Polyols

Polyacids
Monomers

Polyesters
Alkyd Resins

Polyurethanes
Epoxy Resins
Acrylic resins

Biological Feedstock

Basic raw materials

Biotechnological
and/or
Conventional Processes

Coating Resins

|I"1<pi§a Blotexvoloyia

Oil crops

Vegetable oils

Polyols
Fatty Acids

Polyurethanes
Alkyd Resins

Polyamides
Epoxy Esters
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Succinic Acid=HAextpiko oo : C;HO,

One of the top 12 chemicals from biomass

Anaerobiospirillum succiniciproducens
Actinobacillus succinogenes
Mannheimia succiniciproducens
Basfia succiniciproducens

Saccharomyces cerevisiae

[evetuly pyavikn

Escherichia coli strains

HO 1




CO, Emissions, kgCO,- eq/ kg Succinic Acid
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s 8
g E Starch Crops Sugar Crops
o

= | |

h- -
X
s 8
B 2

=

L v

35
emlcellulns Food Fnr.:-::l
3
s
. [
H
2.5 %
2 2 <>
© [ ]
1 - v
g
E
0.5 =
0.18
" | ]

Petroleum- SAC Petroleum Adipic Bio- SAC
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Polyurethanes: The Case For Renewable Polyester Polyols

Bio-based flexible
Wheat straw Extracted bio-polyol polyurethane foam

./

Enrvmatic glveerolyvsis in a bed reactor

ndiroba oil + Terc-butyl alcohol + Glycerol
Andiroba oil polvol
Pobvurethane
foam

preparation
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Soyol™ “biobased” polyols

Uses: BIOBASED ’ Rhino Linings

* Seating foam furniture - ] s -

e Foam insulation
* Carpet backing
e Shoe soles

* Roof coatings

Effects:

* Cost less than the petroleum polyols they replace.
* Plant based, annually renewable resources.

* Reduce demand and dependence on limited
petroleum reserves.
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[ Ipootaoctia-amoxkataotaon HePPANAOVTOG

*Broeoyiavorn (bioremediation)
PLIIAOPEVAOV OLOTNHATOV (OTEPEMV, DYP®V, AEPLDV)

Ponot: SevoProtikeg ovoteg, ~ Xp1)01 QLTOV, HIKPOOPYAVIOU®Y,
TIOOOTIKU AOSIPEVEG EVWOELS N IIAPayopevev evopmv

Environment

Temperature
Moisture content




| ['kptla-IIepiparlovtikr) Bioteyvoloyia

[ Ipootaoctia-armokataotaon mePPANAOVTOG

*Broeoyiavorn (bioremediation)
PLIIAOPEVOV CUOTNHATOV (OTEPEDV, DYPWOV, AEPLDV)

Minerals Industrial
Fossil fuels Xenobiotics

A %
Microbial, Plant and A
Animal Activity
Abiotic factors Biotic factors
(pH, T, redox (specificity,
potential activity, toxicity)

Mineralization Transformation Immobilization

TTOIKOOOUNON-PETACY NP ATIONOG POII®V
K1V TOHON01)-avOPYaVOIIOoino1)
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Biofiltration

FUNCTION SCHEME

I e @J\_; 7 =3
" . e f g0l o '
t s |
t =1 P _—
d =] N S - oomce f.-'),f =
=] t t \:"”x !
Fﬁf L. | - \”u ﬂa G"J.\
Lewed Gauge ﬂl:lia"hl\wnp Collectiontank ~ Power supply \\
Ecology Disposal costs
BIOFILTER oUT
TEC H NO LOGY Filtered air exits with water vapor

IN

Qdorous alr
enters blofller

TREATMENT |

Microbes and bacteria biofilm
consume odors as food

Blogihtpavon= xpron
HKPOOPYAVIOP®V Y1d T O1a0IIdAoT)
Kl eCOVOETEPDOT) TOV OOPMV KAl T®V
EMKIVOLV®V OLOLWV Ot DYPA

arnoPAnta kat agpla

Progiltpa
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ﬁollutants are‘“
degraded or
mineralized by

specific enzyme
activity

Pollutants are
accumulated in
harvestable
. partsof plant

—

Phytodegradation

Pollutants are .
I" released in to

volatile form
through plant

Phytﬁ;axtraction
guTtoeCLylavon

Phytovolatization

j— —
i ——
=

Pollutants are
degraded by
growing roots or
microorganisims

Pollutants are
immobilized
in the soil

- \&

\ an ‘:> Phytostimulation
-

®
Phytostabilization & -~

/" Pollutants /

I

are released
through roots ) f
Rhizoremediation

# Pollutant
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poxknroeSvylavon)

MYCOREMEDIATION

BIOREMEDIATING ENVIRONMENTAL
TOXINS USING FUNGI

BIOLOGICAL

Many fungl prey and feed on bacteria that
are pathogenic to humans.

l"'.'l
.'I
...

E.Coli and Salmonella bacteria are
dest by mushrooms using natural
blofilters placed near livestock farms and
shoreling plantings where runoff occurs.

There are as much as 8 miles of mycelium
{mushroom filaments) in 1 cubic inch of
soil! These make a perfect fiter for
trapping contaminants from site runoff,

rains of !nd.lnF!r!d polypore
mushrooms are fighting pox and
avian flu viruses,

Natural microbial communities participate
with the fungi to break down
contaminants, eventually into carbon
dioxide and water.

Wood-degrading fungl are particularly
effective in breaking down aromatic
poliutants (toxic components of
petroleum) herbickdes, pesticides.

Mushrooms can be “trained® to break
clown TN'I' PCBs, Dioxing, and other
I'III-Q‘.'I'I:IUS tDClII"l!I-

INDUSTRIAL

Living filters can capture hazardous site
runoff and chemicals from Papermills, Dye
manufacturers, and Power Plants

Contaminated “Brown Fields” and
quarantined mill sites can be
bioremediated to break down com,
carcinogenic compounds before L 'r
leach into the groundwater.
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PLTOPAPPAKA

—_ = = = = - = -

AT I;

Folard E

Pt gal T
Crach qu;ul;h_-.:

[T 0
Liko ik g
Darrmiark

Fintand Tt

Sy ke Pl i b
Wl v . Pl i s
G'-I-ﬂdm“

Tl oyt T ]

Abany [

(L5 B -:-l

Merkert et al 2003 104 200 300 400 500 800

f— e ] = = — = — — — — N —— — = = =
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[ Ipootaoctia-amoxkataotaon HePPANAOVTOG

[ Tapaxolovbnon kataotaong nep1ParAovtog
‘Eykaipn aviyvevorn Otatapaywv-poIavong

[ IpOANWN Owatapaywv meptPAAAovtog

Proodeikteg, ProAuraopata, ProeAeyyos, Ploemelepyaoteg
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Detects the presence
of pollutants.

E.g. - Animals, |:>

Plant indicators.

Detects the
change in natural
surroundings and
their impacts.
E.g. - Lichens,
Plant indicators.

A A

Parmar 2016

Detects or
monitors change in
the environment.
E.g. — Animals,
coastal indicator
or Macro
invertebrates.

1

Detects changes in the
biodiversity and the
species present in it.
E.g. - Planis and
Animal and microbial
indicators




=

Mollusk limnaea

L ¢ Hydra
-g Limngea fros
(=) Larva of

o damselfly ac 0rganizm,

g Zgoptera \SC S e

- Q\'&(\/

S

=] /£

1 Cydlotella Surirella \
Freshwater shrimp j I"‘
Gammarus
i |
Green laver /
Ulotrix Green laver
S (ladophora
h
\\
"

Larvae
of mayflies

8%

Larva of stonefly
Case and larva of caddis fly gy
Trichoptera

/ Larva and pupa
of midge-simulida

Simuliidae
/4 Larva and pupa
4 of Deuterophiebia L:;;L;ggze";
Deuterophlebia Bt

« Itis possible to drink this water after boiling

LIVING INDICATORS OF THE RESERVOIRS OF KYRGYZSTAN .Y

Visual aid for identification of water quality

=

Larva of muddy
water beetle
Enachrus

I
Larva of mayfly
Ephemerella

SLIGHTLY POLLUTED WATER **

i

POLLUTED WATER ***  VERY DIRTY WATER ***

Gradation

Single species
of the presented species

ﬂﬂ:&:mzm_

Water boatman bug
Corixa
Larva of non-biting midge
Larva of dragonfly Chironomus plumosus
Anisoptera Larvae of mayfly Sludge worm
(\\0 orgamz,n Sens Tubifex
(erauum il
el Cerativm .,
ol e Rat-tailed maggot
prke Eristalis
Diatoms Vorticella Mosquito larva rga niz g@bj
¢ 0 (=
[ % \ %
the!ammal(ules
Brachinus  Asplanchna
Colony and thread
of cyanobacteria
Cyanophita
Sewage funqus :
Sphaeratilus 7Lk :_
Freshwater shrimp Larva of long leg mosquito Colony of lhiobacterium
Gammarus Tipulidae Thiospira
T
Y
s
JS; Because of closer'wss Fo glacial dr.alnage, quick uxygen—en-nched
stream and riverside vegetation, cleans the water which
Larvae of caddis flies fi i
kit means that there are only a few strongly polluted rivers
Larva of dragonfly onthe territory of Kyrgyzstan.
Anisoptera
¥
+« This water is not recommended to drink *  Itis dangerous to drink this water
# Plankton - small organisms, e
E:envmerof the good quality should be boiled “- :;:l in mmlu’:':nn # Y4
(no less, then 10 %Md begre use for drinking! mLs:.'.:agmfwf;m" g EHUM
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ProdeixTeg

ThESE dare These are
called called

ThESE dalre These are
called called

Crusty Flakey Leafy Shrubby
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Active Fasalva
(-1 o

Foasive

Aothes

Reacter (R)
ar
Accumulatar

(A)

Reactar [R)
or
Accumulatar

(a)

Bisindicater Blaindicater Bisindicator Bigindicater
Bla mn;n itor Bie mnur-nHar Hlumnnrm tar Hlnma:nl'rur
ingey 198
Biroovoowpevon
(bioaccumulation)

Prodeikteg ——
Bloppognon
(biosorption)
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ﬁﬁ;tn rs foy

Merkert et al 2003
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1 \

2

Plant growth factors Harvest
Crop growth requires sunlight, carbon dioxide, When the plant is harvested, the nutrients it
water, and a balanced supply of the has absorbed are from the soil.

nutrients (nitrogen, phaspharus and potassium),

secondary and micronutrients, Water and
nutrients are primarily absorbed from the
sail via the plant's root system.,

)
=000

PRIMARY NUTRIENTS

:— @6

SECONDARY NUTRIENTS

s B C)E)E)E)
HEEEE0

MICRONUTRIENTS

3

Balanced nutrients

Unless these nutrh

soil's productivity will decl) 2 to d
reduction in ','H:‘ll:s inthe long-term

Rhizobium

Azotobacter

Azospirillum

Biofertilizers

Although crop residues in soils tend to break down
and replenish some of the nutrients, on average, soils

only pravide half of a new crop's nutrient needs

This is where additional inputs play their part. |

W

N-Fixing Biofertilizer
(NBF)
|

W

PO,* Mobilizing
Biofertilizer(PSB)
|

|
v

Cellulolytic or Organic
matter Deoqmposer(DMD}

v

W \ | .
BioAud T : A ¢
LOAUIdOHAdTAd - i o o e s
. oq o For For Organisme.g.. Orpanism
blOfertlllzerS Legumes Cereals Solubilizer Absarber Cellulomonas, ep.
&g €. 0 Trichoderma Arthrobacter
Rhizobium Azotobacter, S it . Spore Agaticeus
Azospirillum, Bacillus, WA~ mycarhiza
Azolla, VAM like -
BGA Paeudo monas, e

Aapergillus
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- ]
Sustainable agriculture using Biopesticides and Biofertilizers i WP
B s. . YA T F_ EBiBm '

BioAummaopata
(biofertilizers)

Global biofertilizers market revenue, by product, 2014 - 2024 (USD Million) I U.S. biofertilizers market demand, by product, 2016 - 2027 (Kilotons)

g B -
. l 224.7 - -

5524 020.3 = | 1625 o wm W -

m B -

2014 2015 2016 2017 2048 2019 2020 2021 2022 2023 2024 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Mitrogen fi<ing w Phosphate solubilzing  wCthers B Nitrogen Fixation Phosphate Solubilizing W Others

o e —— S —
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Blooteyepteg

(biostimulants)

|r|"l|I||.I'I'h:I.II"|E source of secomdary metabolites ready o use

phivem to the other tissues and
organs of the plant [104].

SWE biochemical composition is complex
(polysaccharides, minerals, vitamins, oils, fats, acids,

antioxidants, pigments, hormones) [105].

Hwnklndmuids{ﬂﬁ-w Protein hydrolysates (PHs)
—‘-ﬂ-‘ 1o keep the .$° Q@  PHa e moinly produced
e by chemical (with strong
::uemu whmmumm while HA % 89 " er k)
* mwdﬁ:;m:ﬂg“m oo by e o
Chitosan, a natural carbohydrate potymer, is a compounds) which are stabilized al neutral pH by Oy’ ge__.ﬁ proteins contained in
deacetylated product of chitin. It is a gel- and hydrophobic dispersive forces (van der Walls, Ti-1, and - — [eprnamig
film-forming linear polysaccharide that can bind Ch-rt bands) [9a]. = products from animal
metal ions and organic compounds. Chemically, W,‘%‘l’ (ie.. blood, viscera, leather, leathers) or plant
it bs a B-{1¥a]-2-amino-2-deoxy-D-glucan origin (i.e., vegetable by-products) and in
obtained by partial N-deacetylation of chitin biomass of dedicated legume erops [ie., hay,
1102]. seeds) [103].
Phosphite Seaweed extracts (SWE)
s estimated that seaweeds
rhosphite (Phi; H,P0, ), a reduced or macroalgae compromise
form of phosphate (Pi; H,P0,), is nearly 10,000 species that are
used in numerous commercial subdivided mainly into 3
products as a fungicide, fertilizer, categories based on their
and plant biostimulant. Phi s readily > pigmentation, Phacophyta
shsorbed by leaves snd roots and = (Arown), Rhodophyta [Red),
transported through the xylem and and Chiorophyta {Green).

—* Abiotic Stresses

arlfar
L Sepandary mersholism improviem eng

r Aliernative sounee of C and N

_[ Phovosynthesas elliciency increase

| Chlarophyll content incrense
[ Interactions with plamt signalling :m.r:.adcﬂ
[ Phytshormone modulalon ]\'

anliar
'l'_ and M assimalation smprovemenl

Ameliombion of water and
mineral chement uplake

]

Enhamcement of friendly
micrbe prowth

—

ENHANCED PLANT GROWTH & DEVELOPMENT

[ BIOSTIMULATORS

PLANT RESISTANCE TOLERANCE TO HARMFUL CONDITIONS

Cross-talk befween siresses

# Biotic Stresses

.:II'-

Anbwxdant spurce

H Rid-0x umessisis ]

Memhrane
stahilisalson

H

Osmoprodectant source

Precise control of
waleT mansgement

Ambistress, defence amd
detoailyving prolen exprossion

_[

Proteain plasticidy
g Ciil

Ieitenai ficstion of energy
peneraling processes

Acting ns insect

[ Antinmivoobial pnoogrenlies
| mepellent

Fathogen resistance
elicitation

l

Up-regulation of dissase
ressstance genes
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BrogAeyyog (biocontrol)

PREDATORS PARASITOIDS PATHOGENS
e




| ['kptla-IIeptPalrovtikr) Bioteyvoloyia

i

) "™y, .

: ’- ‘*}’ . ﬁ”}\ e
L/ - - -
Y

b 8
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Gram positive
Aerobic
Sporogenous

Rod shaped
Entomopathogenic

TARGET INSECTS
. by 5 ‘ "\,_.

Mematodes

KOR Bt TOXIN

Coleoptera Hymenoptera
B. thuringiensis Life Cycle
A B Crystals dissolve and C Toxins bind to gut
toxins activate receptors L
Protoxin - l
|- t

| Gut membrane
Receptors perforation

Endotoxin | ]
Activated

toxin

B

D Spores germinate and
bacteria grow

®— Q
Spore

Bacterla.

BroéAeyyog (biocontrol)

Bt Corn

* Clone the Bt toxin gene then
insert it into the corn genome

Enzymes

°
@ Bt gene
°
Q.
ko com expression
cassetle

Promater  Terminator

‘ V!('Cl wh!rmweﬂe

(- > F orel :;qeres
comulgvmw

OM com
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BloAevkavon
(biobleaching)

INTRODUCTION

CONVENTIONAL BLEACHING
* Chlorine and chlorine based

chemicals

T TS * Environmental & Health

fak, P
N o .,E;_ .

BIOBLEACHING

* Ecofriendly

hazards

* Lesser chemical consumption

* Improved strength properties
* Improved optical properties
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Blokxabapiopog (bioscouring)

Process Types of enzyme used
Desuzing Amylase
Scounng Pectinaze
Peroxide kulling Catalase
Denim bleaching Laccase
Bio polishing Cellnlase
Anti-shrnk & Anti-felting on wool Proteasze

con/BOD peeonane C”“:;E“““l BioAetavon (biopolishing)

Fabric Strength Loss Minimum High Pofens B Daliching After Bio- polishing

Weight Loss Low Medium

Handle Safe Hazardous

Wettability Good Good

Brightness Increase Low Medium

Process Time Low Medmum

Producivity High Low

Energv Consumption Low High

Total Cost Medmm High
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- RNy

BroekmmAvorn)-roecopoin

(bioleaching-biomining)

Cu, Fe, Ag, Au, Pb, U

Baxtpia, Moknteg, Qota

Acidithiobacillus ferrooxidans




s
Glopetaoynpatiopog

B1OAIIOKATAOTAO
CBroovoowpenory

iﬁ




Efviko xat Kammodiotprako INavemotpio Abnvev -

Tpnpa Broloytag, Topeag Owoloyiag kat Tadtvopikr)g

METAIITYXIAKO ITPOITPAMMA X2IIOYAQN
«OIKOAOITA KAI AIAXEIPIZH IIOIKIAOTHTAZX»

Eiroaywyn-Emoxonmon

210 mA\aioto tov padnpatog
«[TEPIBAAAONTIKH BIOTEXNOAQ
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