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Epsuvntika evéladEpovia

— AvAmTtuEn BLodAlotnplwy e Xprion avavewoLLwy TTPWTWY LAWY (TT.X.
anméPAnTaA Kot TTapartpoidvTa CUUPATIKWY BLOUNXOAVIKWY KAASWY)

— Alaxwplopdg KAaoudtwy tpooTiBEuevng aglag amd tnv apxiki TpwTn VAN

—  AvAnttu€n BLodLEpyacLwV XPNOLLOTTOLWVTAG WG TTEWTN VAN yla TNV
npayuatornoinon (QUUWOEWY TNV EKACTOTE AVOVEWCLUN TTPWTN VAN Yl TNV
TTapaywyn PLOYEVWV XNUKWY OUCLWV KAL TTOAVUEPWY

— Zyedlaoudg BlodwAotnplwy Kat Blodlepyactwyv Kat eKTtdvnon
TIPOKATAPKTIKWYV TEXVO-OLKOVOULKWV LEAETWY
we
( - CHEMISTRY

Chem Soc Rev 2014, 43, 2587-2627

Valorization of industrial waste and by-product
streams via fermentation for the production of
chemicals and biopolymers
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Apostolis A. Koutinas, 7 Anestis Vlysidis, 1° Daniel Pleissner,” Mikolaos Kopsahelis,”
Isabel Lopez Garcia,” loannis K. Kookes,” Seraphim Papanikolacu,” Tsz Him Kwan'
and Carol Sze Ki Lin*"
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Heavy fuel oil

Jet fuel e Crude Oil === Light fuel/diesel
oil

Polybutadiene
1.82x109 kg

Acetic acid Methanol Formaldehyde
6x109kg ___ 29.1x109kg __  4.9x10%kg
$0.99/kg $0.21/kg $0.46/kg
Terephthalic acid Natural gas liquids

3.2x109 kg (methane, ethane,
$0.63/kg propane)

0-/m-/p-xylenes
10.1x10% kg

$0.E1/kg,

n-Butanols

TouenO € AMEOEDT 1B TLE
7.85x109kg  20.79x109 kg
$0.33/kg $0.33/kg

l

2.3x109 kg 2x109 kg

4.3x10% kg oxide

Naphtha

Propylene Ethylene

VEP ‘Hropet va rpaxOel e dlopgpetike

Oil coke

Butadiene
8.5x109 kg
$0.57/kg

MTBE

Mixture 22.2x109 kg

C TeXVEROGYLEC so2/e

Polyethylene

Vinyl acetate Ethylene oxide Vinyl Ethanol
Diisocyanates $0.84/kg  $1.92/kg  $1.98/kg  4x109kg 3.8x109 kg 11.2x109 kg chloride 2.6x109 kg
2.23x10° kg $1.41/kg $1.1/kg 24x109 kg $0.42/kg
$2.2/kg $0.48/kg
Cumene Ethylbenzene Propylene
8x109 kg 19.7x109 kg Acrylic fibres, glycol \ ‘
Cyclohexane  $0.56/kg $0.56/kg nitrile rubber, ~ ©0-97x10°kg Polyvinyl
5:1x10%kg \ ABS, SAN $1.48/kg Ethanolamines Ethylene glycol chloride
$0.44/kg
Phenol ot 0.84x10% kg 9.7x109 kg
Acetone 3. 4;2;) ke 19.2};1;%26@ Polystyrene, $1.28/kg $0.53/kg
Cyclohexanone, 3:4x10° kg $0.82/kg $0.55/kg SBR, ABS,
Nylon-6,6 $0.46/kg SAN, resins
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H Blopnxavikn noapoywyn npoioviwv Vpwong eéaptatal
OLTtO TO KOOTOC TOPOAYWYNC

O1 mapayovTeg oL emnpeadovy T0 KOOTOC TTAPAYWYT)C TTPOTOVTIWV

COUMWOoNC elval O1 TAPAKAT®:
I.  H ovykévipworn tov teAikoV mpoiovtog (kg/ms3)

II. H mapaywywkomta ekppaocuevn oe kg/(h.m3)

III. H amodoon petatpomnng g mnyne avlpaka (kg/kg)
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2

H BtB/undeLKr'] napaywyn npotéviwv UHwong eSopTatat oo To
KOOTOC MOLPOLYWYNC

120 I 5 i ! | I
Kootog mapaywyng
100 o ~ ;poiovrog (vpwong = 1 $/kg

80
MeiwoT) KOOTOVG
TAPAYWDYNG

60

IMapaywyn ai@avoing
20 (10 $/L)

ITaywo ke@araio exevévong

10" 10° 10° 10’ 10°

'Oyxkog proavadpaoctypa (L)

(/L)
o
KO0T10g ava K1A0 TpmTng UANGg / amtodoon
petatponng ($/Kg)

IMapayoywomrta (kg m3 h)

I'a va emtevybel to emBuuntod kKOOTOC TTapAywyNC Oa TPETEL | CUYKEVTIPWOT)
TOV TEAIKOV TTPOIOVTOC VA elval LeEYAAVTEPT) a0 50 kg/m3, n mapaywykotnta va
etval peyaAvtepn amo 2.5 kg m3 h' kot n amodoon HeTATPOmMNC NG TNYNC

avBpaka va avepyetal ToLAAY10ToV 0To 80% TNg HEY10TNS BemwpnTIKNG TIUNC.
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Avantuén BrodAotnplwv Kot Blodlepyaciwv LE XpRon BLOUNXAVIKWY
TMOPATIAEVPWV PEVUATWV

AlaxwpLlopog
poiovVIWwV
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Oa npeneL va AdBoupe untoPn oAa ta otadia tnc alvoidac
napaywync mpwitwv VAwv, eneéepyaoiac, StaBsonc Kot
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- s Transportation Slorage
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Trans portation
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Noootntec tpodipwv amnod dtadopetikoug kKAadoug (EU-27, 2012)

NACE NACE code description — Bropnyovikog kAG60g Tapaymyns TpoPipmy Ejota
Code rocotnta (10° t)
10.11 Processing and preserving of meat
10.12 Processing and preserving of poultry meat 15.2
10.13 Production of meat and poultry meat products 17.7
10.20 Processing and preserving of fish, crustaceans and molluscs 5.3
10.32 Manufacture of fruit and vegetable juice 10.5
10.41 Manufacture of oils and fats 57
10.51 Operation of dairies and cheese making 80
10.52 Manufacture of ice cream 3
10.61 Manufacture of grain mill products 56.9
10.62 Manufacture of starches and starch products 18.7
10.71 Manufacture of bread; manufacture of fresh pastry goods and cakes 26.4
10.72 Manufacture of rusks and biscuits; manufacture of preserved pastry goods 3
and cakes
10.73 Manufacture of macaroni, noodles, couscous and similar farinaceous products 5
10.81 Manufacture of sugar 31.9
10.82 Manufacture of cocoa, chocolate and sugar confectionery 8.8
10.83 Processing of tea and coffee 6.5
11.02 Manufacture of wine from grape 14.4
11.05 Manufacture of beer 50
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Napadeiypata avantuénc BrodwAiotnpiwyv o€

dradopouc Bropnxavikouc KAAdoug
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Avantuén BlodwAilotnpiov otn Blropnxavio mapaywyng xaptou

» Wood components are separated via treatment with calcium or magnesium
sulfite. In the sulfite pulping process, cellulose fibers is the main product and
J spent sulfite liquor (SSL) the main by-product stream.

@&BRICIT =L

o » SSL is concentrated in multiple-effect evaporators. The concentrated SSL
contains high concentration of lignosulphonates, various inhibitors and
significant quantities of sugars (mainly xylose with glucose, mannose,
arabinose and galactose in lower quantities)

Sulfite pulping

Pulp & Paper production

By-Products

Raw material

Eucalyptus globulus

Pasteurellaceae
Bioprocess optimization
Techno-economic evaluation
Life cycle analysis

Biopolymers

ssaooddoiq pajelbaju|

- <9 / Succinic acid production

. Succinic acid separation
Butamediol and purification ATrooTéANng Kourivag, 4 Aekepppiov 2017
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Huepida yia Tov eoptaopd tng EAAnviking Huépag Bioevépyeiag

Z0otaon i , , , AnopAnta Nitupa
ApUA A b2 b1 A , ;
(% , w/w) pudolxa andépAnta poma OKOAdQTEG Dwptod oitou
Npwrteiveg 7,3 0,2-11,7 0,2-1,8 5-7,7 8-13 155
, 86,1 57,5-94,5 68,1-77,7 47,5-52,7
YoaravBpakes | (1 3) | (0,2-74,1) | (66,7-77,7) | (43.7-50,5) | 41731 64.5
1,1 0,6-234 0-1 36
I\' 'A ’ ’ ’ , 3 4.2
intn / éhana (0,4) (0-11,4) (0-0,6) ( mepimou 20)
Confectionery ; ; ;
) Enzymatic Microbial Microbial
and bakery oil hydrolysis fermentation oil
wastestreams  extraction
W A
\E & I needed
3 I _o  Platform
\..‘ N 4 33;.,_ chemicals
\ _Ju
G - Biopolymers
ru Zen;'.yme T (e.g. PHAS,
production 5 :
- &S bacterial
s -
Additional SASe cellulose)

wastes

Aspergillus
Wheat milling awamori

by-products Solid state

fermentation
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EXit Erojpein Avarmung Bioyelog

Acid and ethanol Time (days)
treatment
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Euxoplotw moAu

Succinic Acid

Fumaric Acid WM 3 HPA 1,3-Propane diol
o oH 5
0 R .y
Ethanol L-Lactic Acid
Butyric Acid CH

H
f\iﬂH Putrescine

HIH‘VA“-.-”"“NH
1

PI‘DP‘iDIIiI:AEi& Malic Acid
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HN T Kylitol

ATtooToAng Koutivag, 4 Ackepppiouv 2017



