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* YPnAocg Babuoc Biwolpotntag
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H raykoouLla ayopad BLotexvoAloyiog
elval

- aélac 785 dloekatoppuplwy Vpw
t0 2020

- MpoBAEmeTal LOXUPN QVATTTUEN
3,17 tploskatoppUpLa EVPW TO
2030

- ZUYKPLOLUO YE TN ONUEPLVN XNMLKNA
Blounyavia (5,27 tploskatoppupLa
EUPW TIOYKOOULWC ™)

- OL HMNA kuplapyxoUv ue Tiepimou to
60% tou maykoouLlou peptdiou!

- To pepidlo tng Evpwnng
QVTUMPOOWTIEVEL TIEPiItov to 12%

Courtesy of Dr Michael Donohue, IBISBA

United Kingdom

H BiotexvoAoyia avoei...

MEPIAIO A=ZIAZ THZ BIOTEXNOAOTIAZ NATKOzMIQz
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* https://www.statista.com/statistics/302081/revenue-of-
global-chemical-industry/
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Biologics

Texvoloyia epuBoAiwv mRNA mAbs

— OETLKEG ETUMTWOELG aTtd TNV — ayopd MOAAWYV
noavénuia COVID-19! OlCEKATOUHUPIWY EUPW
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Qin et al. Signal Transduct Target Ther. 2022; 7: 166. doi: 10.1038/s41392-022-01007-w

Courtesy of Dr Michael Donohue, IBISBA



« Precision fermentation »

To 2023:

O aplOuoc twy etatpelwyv VHwong avénobnke katd 16%. OL eTalpElEC AUTEC CUYKEVTPWOAV
aéla Upouc 514.7 ekatoppupiwv doAapiwv

To 2032:

H atla tng ayopdg avapevetal va aveABeL og >30 bio.

1-9 companies 10-19 companies . 20+ companies
v Africa and Middle East Count 15
Ethiopia 1 Israel 13 South Africa 1
v Asia Pacific Count 27
Australia 4 New Zealand 4 Vietnam 1
China 6 Singapore
India 3 Thailand 1
v Europe Count 61
Austria 2 France 6 Spain 6
Belgium 5 Germany 10 Sweden 4
Denmark 2 Lithuania 1 Switzerland 2
Estonia 2 The Netherlands 6 Turkey 1
Finland 3 Norway 1 United Kingdom 10
GFI - 2023 State of the Industry Report / v Latin America Count 5
Fermentation: meat, seafood, eggs, and dairy Brazil 3 Chile 5

v Canada and U.S. Count 50

Canada 4 United States “

Courtesy of Dr Michael Donohue, IBISBA



Biwoipa agpomopika Kauoipa

* H moAwtikn agpormopia euBuveTal yla epimou 1o 2,5% twv aepiwv Tou

Beppoknmiou MOYKOOULWE
* Toa mponyueva Blokavolpo tpoBAEmovVTAL WE LEPOC TNC EVPUTEPNG ELKOVAC, AAAA

oL aVAyKeC o€ Blopadla eival OnNUOVTIKEC

200
2000-

M tonnes 1500
COs

GIFAS 2023 — « Towards decarbonised air travel » , ., ,
6-7 MT Buopala ava €tog! (FTaAAia)

French Academy of Technologies (2023) Decarbonisation of the aviation
sector through the production of sustainable fuels

Courtesy of Dr Michael Donohue, IBISBA
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Padvaplopevn {axapn mou
nwAesitot ota 855 €/t6vo tov
lavouaptlo tou 2024 |

Courtesy of Dr Michael Donohue, IBISBA
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[MpoKANGCEIG KAl ATEIAEG

H nAektplkn evépyela KopupwONKe Tov
DePpoudplo tou 2022 oTLC
navw amno 500 € ava MW!
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[MpoKANGEIC KAl ATEIAEC

December 06, 2023

§ Clariant shuts its sunliquid® bioethanol plant in Romania

X ( Ad hoc announcements pursuant to Art. 53 LR ) Corporate ){ Global

AD HOC ANNOUNCEMENT PURSUANT TO ART 53 LR
.
n Media Relations

« Strategic review concluded: Board of Directors has decided to close bioethanol plant in Podari,
Romania, and to downsize related activities in Germany

« Asset Impairments of approximately CHF 110 million and provisions relating to closure of
approximately CHF 60 - 90 million in Q4 2023

« Anticipated cash impact of CHF 110 - 140 million in 2024

« Continued focus on execution of Clariant’s purpose-led growth strategy

Corporate Communications
+4] 51 469 63 63

’ Get in contact

MUTTENZ, DECEMBER 6, 2023 - Clariant, a sustainability-focused specialty chemical company, today

Eva epBANUaTLKO €pyo oL Xpnpatodoteitat amo tnv CBE katappeet!

SCIENCEINSIDER = SCIENTIFIC COMMUNITY

Synthetic biology, once hailed as a moneymaker,
meets tough times

Otvav apXL6 eg NG ou VeEthn S Three major startups have faltered over the past year, but smaller firms are finding a niche

BloAoyiac Bploketal oe pmeAddec:
H Amyris kpuée mtwyevon kat n Gingo

22AUG 2024 - 1:55 PMET « BY ROBERY F, SERVICE

Bioworks avakoivwoe amoAUoELS m m | & \
‘ N\
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Courtesy of Dr Michael Donohue, IBISBA



H BiodiuAion/Blomapaywyn AMAITEL EVA VEO

HOVTEAO;
H metpoxnuikn Blopnxavia
AEITOUPYEL O KAIHAKEG AVEPLKTEC
yla ta BloduAlotnpla
To BlodwAlotnpto Clariant Tumkr SuvapkdTnTa Itepimou 140.000
KATAOKEUAOTNKE YId Vd BapeAia netpeAaiou nuepnoiwg* (57.000

, , TOVOL AXUPOoU NueEpnoiwc!)
kKatavaAwvel 250.000 tovoug

£TNOCIWC : 3@
Ta SwAloTipla METPEAAiou q

epgpavifouv uPnAn evepyELaKN ‘ T @
amodoon 1;:_4@

Ol METPOXNMIKEC Blopnxavieg ;@
OUYKEVTPWVOVTdl YUpW ato
Algavia Kat peyaioug
AUTOKIVNTOOPOHOUG
(cupTEPIAQUBAVOPEVWV TWV
ol0NpodpOHwWY)

H netpoxnuiki aAvcida aiog

Courtesy of Dr Michael Donohue, IBISBA
Capacity data from https://www.eia.gov/dnav/pet/pet pnp capl dcu nus a.htm


http://www.eia.gov/dnav/pet/pet_pnp_cap1_dcu_nus_a.htm

H Blopadla sival Wdlaitepa
SLaoKOpPTILOMEVN, OAAA
duvntika Bploketal mavtou
 H Blopala eival emoyLakn Kot
ETEPOYEVNC
* Hmnukvwon Blopadlac (m.x.
neAAetonoinon) eivatl pla
gvepyofopa dtadikaoia
* H petadopa Blopalac
QVTLMTPOOWTIEVEL ONUOVTLKO
LEPOGC TOU KOOTOUC TNG
apEXOUEVNG Blopalog
(Schnorf et al 2021)

Courtesy of Dr Michael Donohue, IBISBA

MpokANoCEIg oXETIKEG UE TN Bilopala

Theoretical potential from manure, absolute
00

[RI]
0.01.0.50

Hamelin et al. (2019)
https://doi.org/10.1016/j.rser.2018.10.017



https://doi.org/10.1016/j.rser.2018.10.017

H Evpwmaikn Bioowkovoula

* H Blokovopia KaAAUITEL OAOUC TOUC TOMELC KOL TOL GUCTHATO IOV
Baoilovtatl o€ BLOAOYLKOUC TOPOUC— CUMUTIEPLAAUBOVOUEVWV TWV
OPYOVLIKWV amoBARTWV— KOOwWC Kal TLC AELTOUPYLEC KAl TIC OPXEC TOUC

 H Bloolkovopuia niepthapBavet kot dStoacuvdeet:

— Xepooaia Kol OaAdooia 0LKOGUOTAMATO KOl TLC UTINPECLEC TTOU
TIOLPEXOUV

— OAOUC TOUC TOMELC TNEC TPWTOYEVOUC Tapaywyn¢ tou
XPNOLUOTIOLOUV KoL TtopAyouVv BloAoyikouc ntopouc (vewpyla,
daocokopia, aAleio kot uOOTOKAAALEPYELQL)

— OAOUC TOUC OLKOVOMLKOUC KOt BLOMNXOVLKOUC TOUELG TTOU
Xpnotlpornolouv BLloAoyikouc topouc Kot SLadLlkaoleg yla tnv
nopaywyn tpodipwy, (wotpodwv, BLOAOYLIKWY TIPOLOVTWY, EVEPYELAC
KOLL UTTNPECLWV

— [ va elvol EMTUXNG, N EVPWTAiKN BLOOLKOVOULA TIPETIEL VAL EXEL TNV
aewdpopia otnv KapdLd TNC Kal €€ OpLOMOU va ELvoll KUKALKN

by Dr Jochen MiChE/S EC, 2018: Bioeconomy — the European way to use our natural resources. Action plan 2018 m DEC H E MA



SEukalpiec otn Bloowkovopia: véec aluoiSec
aélac mavw oe BloAoyLKa poiovta

PRIMARY SECTOR WASTE

Sugar beets Biological waste Fish waste

Cosmetics Textiles Car dashboards Bio-based plastics Oils
Pharmaceuticals

by Dr jochen Michels EC, 2018: Bioeconomy — the European way to use our natural resources. Action plan 2018 m DECH EMA



. To BlodwAotnplo

— xapoaktnplletol ano po cadwc EVOMOLNTLKA,
TLIOAUAELTOUPYLKR, VEVLKN £VvoLla

— ToU Ypnotpomolel tn flopalo we pa StadpopeTkA tNyn
P WTWV VAWV

— yLa tn Blwolpn mapoywyn evoc ¢paopatoc dtadopwv
eVOLAMEOWYV TIPOLOVTWV KL TTPOTOVIWV (XNHLKEC OUOLEC,
UALKQ, Bloeveépyela / Blokavolua),

— ouuneplhapBavopevnc tne mAnpeotepnc Suvatnc xpnonc
OAWV TWV CUCTATIKWY TWV TPWTWV UVAWV.

— Ta cupmapaywyad Urnopouv eniong va ivat tpodLpa kot / n
(woTpodEC.

by Dr JOChen MiChEIS German Government, 2012: Roadmap Biorefineries E DECH EMA



bio-based

Platform chemicals

petro-based

omethane  Sren o ©

by Dr Jochen Michels

aromatics
C6-C8

CH, CH;OH CO

methane methanol carbon monoxide

H,C=CH,

ethylene

H,C=CH—CH,

propylene

H,C=CH—CH,—CH, H,C—CH=CH—CH,

1 butene 2 butene

CH,4 CH,
O CH,
benzene toluene o-xylene

e
H,C=CH—CH=CH, HSC—CZCH2
1,3 butadiene isobutene

CH, CH,
Q.. C
CH,

m-xylene p-xylene

[ DECHEMA



ApxnN TOU XNMULKOU OEVTPOU
Baolopevou oto altBuAgvio

—>» acetylene » 1,4 butanediol

L 3 |po|yvinyl chloride (PVC) |

crude oil,
natural gas 5 |po|yethylene (PE) |

» polyethylene glycol
ethylene » ethylene oxide ——F—> ethanolamine

—> glycol esters
—» ethylenediamine

4)| polystyrene

by Dr Jochen Michels m DECHEMA



BLOAOYLKA TTPOEPXOMUEVA TTAAGTLKAL:
n Avon ywa €va Blwotlpo HEAAoV

Biobased

Y Biodegradable
and biobased

e.g. PLA, PHA,
PES, Starch blends

Non 4
Dlodegradable =+ -w-sssntsssesnaisaniionaas i Biodegradable

Conventional Biodegradable
plastics H and fossil-based

e.g. PE, PP, PET e.g. PBAT, PCL

Fossil-based



BLOAOYLKA TTPOEPXOMUEVA TTAAGTLKAL:
n Avon ywa €va Blwotlpo HEAAoV

Article 7a \

Bio-based feedstock in plastic packaging

By ... [3 years from the date of entry into force of this Regulation], the Commission

shall review the state of technological development and environmental performance of
bio-based plastic packaging taking into consideration the sustainability criteria laid
down in Article 29 of Directive (EU) 2018/2001;

Where appropriate, and based on that review, the Commission shall present a legislative
proposal in order to:

a)
b)
o

PLA-PCL(80/20)

PLA-PBS(80/20)

PLA-PHB(80/20)

PLA-PHO(85/15)

PHB-PHO(85/15)

PHB-PCL(60/40)

PHB-PBS(50/50)

PCL-PHO(85/15)

PCL-TPS(70/30)

wmmwpwwu,mm

PLA
PCL

nmmnwmmquupmm:

PBS

PHO

PHB

introduce the possibility to achieve the targets set out in Article 7(1) and (2) of this

TPS

Regulation by using bio-based plastic feedstock instead of recycled content
WMWMM&&MWWM
pﬂwmmwuwwmu
wmm:ﬂmnum

o riate, the definition of biobased plastic set out in Article
3(416).

Biodegradation
(ISO and ASTM standards)

ﬂndustrial Anaerobic Home\ Marine Fresh  Anaerobic ag. Soil
composting digestion composting water digestion

k Managed environments / \ Unmanaged environments /

Narancic et al. Environ. Sci. Technol. 2018,
52, 10441-10452

Regulation of the European Parliament and of the Council
On packaging and packaging waste, amending regulation (EU) 2019/1020 and directive (EU) 2019/904, and repealing directive 94/62/EC
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2 XNMUOTLKN avarmopaotoon VoG
BlodwAlotnplou

Feedstock LEgend'
Feedstock
1 Pretreatment/
Conditioning
Process
2 Decomposition/
Component separation
material
Platform
| energetic
v v Foodstuff/feed
3 Conversion/ Conversion/
refining refining D Intermediate products
|
l * + Primary refining
Material Energetic Goprodiict ¢ Secondary refining
product product

1. Mpokatepyacia kot mpostopacia tng Blopalog
2. AmoouvBeon Kat SLaxwpLoUOC Twv cuotatikwy (Mpwtofaduta AwAilon)
3. Metayevéotepa otadla HeTATPOTAG Kal SLUALonG (deutepoyevng SLUAlon)

by DrJOChen MiCh@/S Biorefineries Roadmap (May 2012), mod. m DECHEMA



Ta otowEeLla TNC TAELlVOUNONC TWV
BlodwAlotnpiwv

Agricultural biomass Aquatic biomass Biogenic residual- & waste materials
- Oil crops - Algae - Agricultural and forestry residues
-> Starch crops (e.g. straw, manure, wood residues, fruit
- Sugar crops peel, slurry)
- Grasses - Biogenic residual materials from processing
-> Wood (e.g. whey, pulp, stillage, spent grains)
- Woody biomass - Biogenic waste materials
(e.g. yellow grease, waste wood)

- Low molecular weight carbohydrates (e.g. lactose, sucrose) - Vegetable oils, lipids
- Polymeric carbohydrates (e.g. starch, inulin, pectin) - Pyrolysis oil
- Lignocellulose components (lignin/cellulose/ hemicellulose) - Press juice
- Proteins - Biogas
- Plant fibres - Syngas
Materials Bioenergy
- Chemicals - Solid, liquid, gaseous sources of bioenergy
- Materials - Electricity
- Feedstuff” - Heat
~ Foodstuff’ * as a co-product

- Physical, including mechanical processes - Chemical processes

Processes

- Thermochemical processes - Biotechnological processes

by Dr Jochen Michels m DECHEMA




Aoyol ov smiaAouv tTn Blrootkovopia

EAATTQZH EMIAYZH
PYINANZHZ FEQPIrikKQN
MEPIBAAAONTOZ NMPOBAHMATQON

MEIQZH
ENEPIrEIAKHZ

BIO- Il BIOMHXANIKH
OIKONOMIA BTG

E=ZAPTIZHZ




(1)
EAATTQSH PYNANZHS NEPIBAAAONTOZ

A) EKMOMIMEZ AEPIQN MNOY MPOKAAAOYN TO
DOAINOMENO TOY OEPMOKHTIIQOY

(2xetiCovtal pe TNV EVEPYELA TTOU
XPNOLUOTIOLELTAL VIO TNV TTAPOYWwYyn TOU
KOLWWOLHOU)



IYMMETOXH TON ANOPQIMOTENQN PYTION XTO ®AINOMENO OEPMOKHIIOY

Odov
8%

XAwpoplopivBpokeg

Ofcitin AZOTOY .
S%

Aogcibio
GvBpaxog
60%

15%




To atpoodatlpiko CO, avéavel enikivbuva
CARBON DIOXIDE OVER 800,000 YEARS

450 2023 average
419.3 ppm

400

350 modern data
highest previous

300 ppm
300 e

250 |\ M A do Y .

carbon dioxide (ppm)

200 [ \M L./ M AN\ I TV R |
150

100
800,000 600,000 400,000 200,000 0

years before present

https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
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To atpoodatlpiko CO, avéavel enikivbuva

Monthly Average Mauna Loa CO»

April 2024: 426.57 ppm

April 2023: 423.37 ppm

Last updated: May 05, 2024

Recent Monthly Mean CO; at Mauna Loa Observatory Atmospheric CO; at Mauna Loa Observatory
426+ K 420} Scripps Institution of Oceanography
NOAA Global Monitoring Laboratory
424}
E E 400
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https://eml.noaa.gov/ccgg/trends/



https://gml.noaa.gov/ccgg/trends/

Ta Blokavolpa Kotd TNV Kouon Toug aneAeuBepwvouy
avOpaka rou £xeL beopeutel pe tn dlepyaocia tng
dwTtooUvOeoNC KATA TNV SLAPKELA TNE ETAOLOC

avamntuénc tne Plopalag

Ta opuKTa KOoUoLUa arteAeVBepwVOUV KATA TNV
Kavon Touc avBpako rou £xel SeOUEUTEL
EKOTOM MU PLO XPOVLA TIPLV



(2)
MEIQ2H ENEPITEIAKH2 EZAPTH2H2
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AIAKYMAN2H TIMH2 METPEAAIOY
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BIOMAZA




TYINOI BIOMAZA2

* Ol UTTOAELMMOTLIKEC LOPDEC

* Kol N Blopado TTov TOPAYETOL ATTO
EVEPYELOKEC KAAALEPYELEC



ENEPIEIAKE2Z KAAAIEPTEIE2
1"¢ yeviac Blokavopa

v NopadooLlakeC KAAALEPYELEC TTOU UTTOPOUV VAl
XpnotpornotnBouv Kol yLa TNV mapoywyn
Blokavoipwv/evepyeloc (m.y. TeVUTAQ, oLTapL,
nAtavBoc, evkaAurntoc, apafoottoc).

v Dutd rtou dev KaAALepyoUvTaL, TIPOC TO TIOPOV,
ETIOPLKA KOIL TO TEALKO TIPOLOV TOUC TIPOoOopLlETaL yLa
TNV mapoywyn Blokavoipwv/evepyelac (m.x. copyo,
e\allokpaAppn, kevad).



POH ZTAAIQON NAPArQraz BIOAIOANOAHL
ANO AHMHTPIAKA

AHMHTPIAKA

Sl P VS




ATr6 T0 2007 ot
XpnoigoTtroigital 98%
a10avoAn (Lifeline Foods)
kal 2% Bevdivn evw TO
2010 o1o Grand Prix Tou
Sao Paolo (Brasil)
Xxpnoigotroindnke 100%
gleavé)\n




2AKXAPOKAAAMO

1 otpeppa cakyapokalopouv amnodidbet 600-900 Aitpa
alBavoAn, urtepdutAacia armo QT TTOU MALPVOUE
QIO TO KOAOLUTTOKL.

ENEPIEIAKH AITOAO2H 8

H mapaywyn kat n kavon atbovoAnc armno
(oxopoKaAapo ripokaAoUv 55-90% Alyotepeg
ekroprneg CO, amo o,tL n Bevdivn.




Photograph by Roberl Clark

Blackened by soot, a cane cutter in S&o Paulo state aims to harvest ten tons a day—earning $250 a week—in a field burned to ease his
work. Mechanical harvesters are replacing muscle and fire in Brazil's sugar belt, likely to double in area within ten years as ethanol
demand rises.
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Photograph by Robert Clark

Lighting up the night near Praddpolis, Brazil, Usina S&o Martinho is one of the largest ethanol refineries in the world, producing 300
million liters annually—without relying on fossil fuel or electricity from the grid. For heat and power, the plant burns sugarcane waste.



7 YNOAEIMMATIKES MOP®ES BIOMAZAS
2"S yeviac Blokavoua

v AypoTIKA uttoAeipparta (ayxupa, KAadEpota K.A.).
v Aok urtoAeippata (uVAotopia, kaBaplopotl).

v YTIOAELPMOTO YEWPYLIKWV/SOOLKWV BLONXOVLWV
(Ttpp))nvéﬁu?\o, niplovidla, amofAnta TUPOKOUELOU
K.QL).

v ArtoBAnta ktnvotpodiog (KompLéc, amopAnta
opayeilwv).

v AoTIKA artoBAnTa.

v OpyavikO KAQGLOL OTTOPPLLLULATWV.
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Bioethanol production process from
lignocellulosic biomass

-, Lignin

AIyVIVOKUTTapIVOUXOG Blouala

Mpokarepyacia
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Liquefaction/saccharification and fermentation of
pretreatment biomass

Liquefaction process ] — Simultaneous Saccharification
& Fermentation

Hydrothermal with dilute CH;COOH
« EtOH production >48 h: 41.5 g/L
Steam explosion (with or without H,SO,)

« EtOH production >48 h: 70-76 g/L

Organosolv with CH;CH,OH/H,O

« EtOH production >48 h: 60-65 g/L
Wet oxidation with CH;COCH3/H,O mixture

* Katsimpouras et al. (2016). Acetic acid-catalyzed hydrothermal pretreatment of corn stover for the production ° Eto H prod uctlon >48 h : 71 -76 g/L

of bioethanol at high-solids content. Bioprocess Biosys Eng, 39(9), pp. 1415-1423.

* Katsimpouras et al. (2017). Sequential high gravity ethanol fermentation and anaerobic digestion of steam

explosion and organosolv pretreated corn stover. Biores Technol, 244, pp. 1129-1136. il P T ‘
* Katsimpouras et. al (2018). Acetone/water oxidation of corn stover for the production of bioethanol and & = o m IND )
prebiotic oligosaccharides. Biores. Technol., 270, pp. 208-215. { ? CPERI 9 Bio
* Katsimpouras et al. (2017). Production of high concentrated cellulosic ethanol by acetone/water oxidized ) Q iyt LULEA o
pretreated beech wood. Biotechnol Biofuels, 10:54 & ;I; Y i TE:;‘I,‘(I."\-K,AM,W P CAT ‘@'
Instituie




Possible feeds

Utilization of biowaste and lignocellulosic biomass for the

production of w3 DHA from microalgae

Crypthecodinium cohnii ATCC 30772

Microalgae
inoculum

l

Fed-batch
cultivation

The high scale production of microalgae is
a developing research topic of biotechnology
due to the high variety of useful metabolites
with industrial application potentials. The main
disadvantage of the process, however, is the
low biomass productivity.

We are investigating the ability of microalgae
to grow on volatile fatty acids (VFA), derived
from the dark fermentation of biowaste, or on
glucose from the enzymatic hydrolysis of
lignocellulosic biomass, produced as a
waste of the agricultural industry. The algal
metabolites examined in our group are mainly
w-3 fatty acids.

Bioactive

/ > compounds
Hydrolytic and
oxidative

enzymes
 —

Y. w\NoWaste
‘Z;ﬂk BioTech

Agricultural

waste =
\Volatile




Utilization of lignocellulosic biomass to produce lactic acid

Biomass fractionation Simultaneous saccharification and fermentation (SSF)
%,fg%) ._ Addition of lactic acid
mild-oxidative organosolv v o°:. 9 bacteria (Lactobacillus
V8 delbrueckii sp. bulgaricus,
pretreatment / suppl tation with sp. bulgaricus)

efficient production of

f(cejlic:e(l:":l':szeis lignocellulose derived
D-lactic acid
I o)
HeC OH
cellulose-rich solid pulp OH

lignocellulosic biomass

Polylactic acid, also known
as poly(lactic acid)

or polylactide (PLA), is a
thermoplastic polyester
formally obtained by
condensation of lactic acid
with loss of water

IND "
9 Bio

car BF



Production of violacein from Janthinobacterium lividum
from glycerol- dyeing textiles

No treated .. .
Em—— gpp Liquid cultures with

DAFS different carbon source. Scale up violacein production in bioreactors. Five-fold increase of
II i pigment yield with the addition of glycerol.
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Production of nanoscale cellulose through a four-step
enzymatic process

. AA9 LPMO pretreatment Treatment with Cellulases
Natural biomass AA9 LPMO oxidative pre- Removal of cellulose amorphous areas
treatment creates nicks in using:

cellulose and hemicellulose + Celluclast or
+ Endoglucanase GHTY or

+ Endoglucanases GH7 and GHb

AA9 LPMO post-
treatment
Post-treatment with
AA9 LPMO results in
introducton of -COOH
groups and leads to

defibrillation

Untreated beechwood

biomass 394 wt% cellulose,
203 wt% hemicellulose, 199
wito lignin

freatment with

Hemicellulases
Hemicellose removal using:
i o Cellic HTec 2 or
OxiOraanosolv « Xvanases GH10/GH11, p-xviosidase
pretreatment GH43 and acetyl-xvian esteraseCEG

OxiOrganosolv pretreated
biomass 80 wt% cellulose, 164
wt% hemicellulose, 3.8 wi% lignin

Chorozian K., Karnaouri A., Karantonis A., Souli M., Topakas* E. (2022). Characterization of a dual cellulolytic/xylanolytic AA9 lytic polysaccharide
monooxygenase from Thermothelomyces thermophilus and its utilization towards nanocellulose production in a multi-step bioprocess. ACS

Sustainable Chemistry & Engineering, 10, 8919-8929; doi: 10.1021/acssuschemeng.2c02255.



https://doi.org/10.1021/acssuschemeng.2c02255?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acssuschemeng.2c02255?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Qutka Kuttapa

Kvpia owagpopd amod to Cokd:
- XAOPOTAACTES

- Kevtpiko Xvpotomio 1o onoto amotelel to >30% tov KUTTOPIKOV OYKC
- A1yvivoxuTtaptvodyo KUTToPIKO TOTYmLLoL

Filamentous

Plasmodesmata cytoskeleton

Small membranous
Plasma membrane

vesicles
Cell wall
Chloroplast
Thylakoid membrane
Starch grain
Smooth
. ‘ endoplasmic
Vacuole reticulum
Vacuole
Tonoplast Ribosomes

Mitochondrion
{mitochondria)

Peroxisome

Cytoplasm . L d |
Nucleus Avprim i IR L,
Nuclear pore v e GV AW e
Golgi vesicles Nuclear envelope / D NGO NG PR
Nucleolus Pass” 9.~ 7, P PR
Golgi body Rough Huovrwapig / & & ¥ e P 4
(Golgi apparatus)  endoplasmic p W o

reticulum




Quta: U0 £ldN KUTTAPLKWY TOXWHATWV: [MPWTOYEVEC KUTTAPLKO
TOlYWHO TTOU armoTeAELTAL ATTO KUTTAPIVN Kol nutkuttapivn. To
devtepoyevecg amoteAeital AoV Kol amo Awyvivn. To
necodlaotnua SU0 YELTOVIKWY KUTTAPWYV TIEPLEXEL TTNKTIVN.

—MeookuTtTapikn oToifada

MNpwToyevég TOIXWHO Middle
AsguTepOYEVEG TOIXWHO
MAaopaTtikn HEpBPavn

=
- K




Ta puta aroteAouvTal KUPLWE armo ocakyapa
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MovtéAdo mpwToyeVOUC KUTTOPLKOU
TOLWMOTOC

MEeCOKUTTAPLKN Mnktivn
otolBada {
B Mikpoividia
KuTTOpivNng
MpwTtoyevec
KUTTAPLKO ]
Tolywpa
MAQOUOTIKN {
HEUBPAVN Huwkuttapivn

ALOAUEVEC
MPWTEVEC
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Inbicon
Y&poOepuikn Eneéepyacia

* H Blopalo avapelyVUETOL OUVEXWC LE VEPO Kal Beppuaivetat otoug 180-
200 °C yiat 5-15 min pe okomo tnv kataotpodn tne SOUAC TNS Alyvivne woTe
va SleukoAuvBel n mpooPfaon NS KuTTOPLVNG o TaL EVIL QL.

* ATTOMAKPUVON MEPOUC TWV NUIKUTTOPLVWY KoL TIOPEUTIOSLOTWY TIOU
oxnuatilovrat






AnoteAéopato USPOBEPULKAG
TI(POKOLTEPYOLOLOLC

Untreated: M LKpO'L'V ’L6 LA
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o \ ' KuTtapLvng

Artodiataén
ULKPOiVLSLwv

Mpokatepyaoia dxupou citou
Kristensen et al. Biotechnology for Biofuels 2008 1:5 do0i:10.1186/1754-6834-1-5



H kuttaplvn eval avBektikn otnv udpoAuon

NREL



Eviupikn YépoAuaon Kuttapivng
(ZYNEPIHTIZMO?Z)

KpuoTaAAikég KutTapivn Apop@eg
TEPIOXEG > P TTEPIOXES
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Eviupukn YépoAuon Kuttapivng

(ZYNEPTEIA)
/ w o
e 88
\pmoz 2:5%03) CBH7 CO
et ) @2 =S
<C lline region ”. h >
ystorine regio ) Amorphous region . oo b
08
OwKoyevelec evIUUWV: OO\-/OO
- EVGOVAOU Kavacsq Beta-glucosidase

- KeAAoBrLoldpoAaoec
- B-yAukollbaoeC
- Lytic Polysaccharides MonoOxygenases (LPMOs)

YKOZH



“ Znpoota tnc avokaAvyPnc véwv evOpwV
otn Bropnxovia

» Celluclast

(Miypo Kuttaplvaowy)

> Cellic Ctec (2009)

» Cellic CTec2 (2010)

» Cellic CTec3 (2012)

(Miypo kuttapwvacwv + LPMOs +
HukuTtTOpLVAOEC)

» Novozym 188 (B-yAukolibaon)




Edbappoyec kuttapivaowy (i)

EOAPMOIEZ 2TH BIOMHXANIA TPOOIMQN

e E¢aywyn kot Stalyaon Xupwv ¢pouTwyV Kot
AoxaviKwV (VU LKO KOKTEIA aro
KUTTOPLVAOEC, EUAQVAOEC, TINKTIVAOEC)

e E¢aywyn eAatoAadou

novozymes

Rethink Tomorrow



Edbappoyec kuttapvaowv (ii

EOAPMOTEZ >THN YOANTOYPTIA
* Bio-stoning (denim fabrics)

* Bio-polishing (Baupakepa ko non-denim
fabrics)
* JUOTOTLKO QTTOPPUTIAVTLKWVY

FULL ENZYMATIC TEXTILE PROCESSING

- I

WOVENS

Optisize® PrimaGreen®* PrimaGreen®  OxyGone* Primafast®

5 (> Jbiasching( > JESREN D Siofishingl > Ncising (>



lotopkn avadpoun tne dpaonc tTwv
KUTTOPLVOCWYV

* Mpwtn avadopa otn BBAloypadia Tou opou
kuttapwvaoecg (cellulase) mou meplypadel tnv
ev(ULKN &paon TNC amokodopnonc TNE KUTTAPLVNG
£YWE amo tov Pringsheim (1912).

e 2710 2° Naykoouto moAepo otic (oVykAeC Tou NoOTLoU
EtpnvikoU (Nea MNovivea) amopovwBOnKke o pUKNTOC
Trichoderma reesei 0 OTtOLOC KATAOTPEDE TA pou)a
TWV OTPATIWTWYV KOl ATIETEAECE TOV KUPLO TIOpaywyo
KUTTOPLVOLOWV



Taflvounon KutTtapLwvacwv

* [leploocotepec amno 120 owkoyeveleg YAUKOTUA-
LOPOAOICWV EXOUV TIEPLYPAPEL

http://www.cazy.org/

Ol KUTTOPLVOLOEC €lvalL LEAN TWV OLKOYEVELWV:
1,3,5,6,7,8,9,12,30,44,45,48,51,61,74 koL 124



http://www.cazy.org/

Yropén CAZy eviUpwv ota yovidlwporta

HUKNTWV
a b
GH GT PL CECBM Pectin-degrading enzymes
Colletotrichum higginsianum PL1 ?
103| 15 Colletotrichum graminicola 5 ‘F
284/ 96 | 10 75 Stagonospora nodorum o
111264/102| 5 Magnaporthe oryzae PL4 _5
229| 95 | 9 | 34 | 68 | Botrytis cinerea pLo [N
1220 89 | 5 | 32 |65 | Sclerotinia sclerotiorum GH28 _5
251(103 42 | 70 | Fusarium graminearum ’
244/ 83 41 | 56 | Alternaria brassicicola -
252| 92 30 | 42 | Aspergillus nidulans e -!
228| 94 34 | 52 | Leptosphaeria maculans GHos
176| 58 85 | 51 | Verticillium albo-atrum GH105 E
1 3|19|22 |M haerell ini |
86| 99 ycosphaerella graminicola GH115 r
{177 76 | 4 | 22 | 42 | Neurospora crassa -
CE8 F
175/84 | 6 | 36 | 7 | Melampsora larici-populina o
) C. higginsianum il
61|56 | 0 | 10 | 14 | Blumeria graminis CE12 5 C. graminicola O
[2 B | 0 6 12 18

Number of modules

Nature Genetics 44, 1060—-1065 (2012)



To AlyVIVOKUTTAPLWVOAUTIKO cUOTNUA TOU
Fusarium oxysporum

* Navw armno 250 yovidla oxetilovtal pe €viupa Tou amolkodopoUV To KUTTAPLKO
Tolywpo Twv PpUTWV Kal Ta omoia katnyoplomolouvtal otnv tpanela SeSouEvwy
Carbohydrate Active enZYmes (CAZy: http://www.cazy.org/
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http://www.cazy.org/

3D SOMEC KUTTAPLVOLOWV

Topology GH

family

Activity Structure

(B/a)s barrel 5, 44,51 Endo- B-1,4-glucanase

S

Cellobiohydrolase

1,5,30 B-glucosidase

atypical (B/a)s 6

barrel

Endo- B-1,4-glucanase
Cellobiohydrolase

B-jelly roll 7,12

Endo- B-1,4-glucanase

7

Cellobiohydrolase

(a/a)s thoroid 8, 9, 48

Endo- B-1,4-glucanase

9,48 Cellobiohydrolase
9 B-glucosidase
g super- 124 Endo- B-1,4-glucanase

helical

[PDB:2XQO]

Bs barrel 45 Endo- B-1,4-glucanase
B sandwich, 61 Polysaccharide
Ig-like Monoxygenases (former
weak endo- B-1,4-
glucanases)
7-fold B- 74 Endo- B-1,4-glucanase
propeller
[PDB:2CN2]
Multiple 3 B-glucosidase
structural
domains:
1. (B/a)s
barrel
2. (af B)s
sandwich
3. Fniil fold

[PDB:3ABZ]



AlopopPdwon KATAUTIKOU KEVTPOU
gvdéoyAouvkavoowv




AlopopPdwon KATAUTIKOU KEVTPOU
gvdoyAouvkavocowv

’




AlopopPdwon KATAUTIKOU KEVTPOU
gEwyAovkavaowv




Mnxaviopoc KataAuTiknC dpaonc twv
gEwyAovkavaowv




LPMOs

[ 4

U KEVTPOU

'
Nonenzymatic donor or cellobiose dehydrogenase

N-terminal His

Cellobiohydrolase

Alopopdwon KAtaAuTiko
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Inbicon
Awyvivokuttoplvouxoc atbovoAn

The new ethanol: Zto Kalundborg tn¢ Aaviag, mapayovtal 5,3
geKaTOUpUpLa Attpa/EToc Alyvivokuttaplvouxou atBavoAng



Inbicon
YSépoOepuikn Eneéepyaoia

* H Blopalo avapelyVUETOL OUVEXWC LE VEPO Kal Beppuaivetat otoug 180-
200 °C yiat 5-15 min pe okomo tnv kataotpodn tne SOUAC TNS Alyvivne woTe
va SleukoAuvBel n mpooPfaon NS KuTTOPLVNG o TaL EVIL QL.

* ATTOMAKPUVON MEPOUC TWV NUIKUTTOPLVWY KoL TIOPEUTIOSLOTWY TIOU
oxnuatilovrat



Eviupiki udpoAuon

* Pevotomnoinon tn¢ Bropalac (30-40%
¢Enpo Bapocg) oe cuvexn dtepyaoia pe
OTOXO TNV apaywyn (UHWOLUWV
COAKXAPWV

* Opllovtioc avtidpaotnpac eEAsUBepPNC
TTWonNG

Inbicon
Eviupikn udépoAuon kat Zupwon
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Zupwon

* Avaepofia LUpUwon HE OTEAEXN
Tou Saccharomyces cerevisiae

* AtUALon atBavoAng ko
EKUETAAAEVON UTTOAAELLOTOC



The Inbicon Process
(animation)

Biomass Starage Wechanical Conditioning Hydrothermal Pre-treatment
Emxymatic Hydrolysis
i L) ¥ )
5 1
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¥ -‘ ]

Solids/Liquad Separation

Molasses Storage | g

\ Evaporation

CoGen J Drying Ethanal Storsge




