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2.0voym

O BiodiuAioTnpila — T1 akpifwc;

O BiodiuAioTnpia kal cupBaTika diuAioTnpid
O BiwoigoTnTa kKal evronioTnTa

o MapaAAnAa npoiovTa Kal KalvoTouia

0 To epyo BIOCORE

0 AAAa BiodiuAioTnpia
= AAyodiuAioTnpla
= AOTIKG Kal Biognxavika anoBAnTa

O ZUpneEpAopaTa kai n EAANvikn
NpaydaTikoTNTd



Broowhotnoia  eivar  prounyavixés  pnovdosg
zov emeéepyalovear Pouala xar mapdayovy,
TAPAIMNAA, EVEQYELaXA Kal ynuLxd TPolovTa




E'Lgn glOp.d(CO(g Biomass

* Energy crops —— 5

* Agricultural and forestry
o KaTtnyopiec v ekl \
= Evepyelaka quTa wasies
= Avaveoupeveg daaikeg (SRC)
= MapanpoiovTta BiokaAAlEpyEIWV
= Bioyevn ocuoTaTika anoBfANTwv

O TexvoAoyiec a&ionoinong
= Bioxnuikec: evQupuaTikn, avagpofia (Upwon,
m OEPUIKEC-XNUIKEC: KATAAUTIKEC, BEPUIKEC
anolkodoPNOoEIG, UOPOYOVWOEIG, AEPIOMOINOEIG
O AnAec Bepuikec (kauon, cupnapaywyn) o€ oTl
anouevel JeTa TN Bacikn ene€epyaoia




Oxygenates Generation Process

) * Methanol 2 Thermal
I | O LOV T a * Ethanol 1°& 2° Biological or Thermal
* Butanol 1°8 27 Biological or Thermal
* Mixed alcohols 2° Thermal
* Dimethyl ether 28 Thermal
Hydrocarbons
* Biodiesel i Physical + chemical
Secondary ;
Platform . Intermediates Synth et!c i ese! 20 Tharmal
i L — * Synthetic gasoline 27 Thermal
Biobased R S 7 * Methane 1°& 2° Thermal
yn gas - Lwar s branched 1" shsoin, nd mimed bighes dcohety -" <75 .,”7 !
N {’}7’4’ s Other ) ) ' .
— XX == * Hydrogen 1°& 2 Thermal or Biological
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e 7""1‘5’7,'}'5;’  — ./ [Environment (10%)
',"'l,;,g»’ M - "8 Water chemicals, floccuants,
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e ;1\\. Communication

- p Molded plastics, computer casings.
optical fiber coatings, liquid crystal

displays, pens, pencils, inks, dyes,
paper products

$77 billion
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L e e e e Vs e} Recreation

| Footgear, protective equipment,

camera and film, ticycle parts & tires,
wet suits, tapes-CD's-DVD’s, goil
equipment, camping géar, boals

Health and Hygiene
Plastic eyeglasses, cosmetics,
detergents, phamaceuticals, suntan
fotion, medical-dental products,
disinfectants. aspirmn

Pusiness C cnfidential Pacific Northwest National | aboratory
LG Dhpan =t o1 Fadepy
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2UYVEVELX [LE TO OLLALOTYOLO

o NapaAAnAa npoiovta

O BiwoiyoTnTa Jeoa ano
OAOKANPWHEVEC
dIEPYATIEC

o Euyneipia Tou
ouppaTikou
OIUAIOTNPIOU KAl TNC
XNHIKNG MnNxavikng
gival Jia TepacTia
napakartaénkn




Atovpopeg amd SLLALOTN L

O Avavewaoiun nnyn eVeEPyYEIAg

Total = 101.605 Quadrillion Total = 6.830 Quadrillion Btu

Petroleum
40%

Solar Energy 1%

Niiciaar Bistic Hydroelectric 36%
Power Geothermal
8% Renewable Energy 5%

Energy
T%
Biomass 53%

1 Wind Energy 5%
Natural Gas
23%

22%

O MoAU piIkpOoTEPEC dUVANIKOTNTEC (UIKPEC HOVADEC)
O Ioxupa oToixeia evronioTnTac, 41apoponoinon
O AyVWOTO XapTOQPUAAKIO MPOioOVTwWYV

m KalvoUPpIEC KAl CUMBATIKEG XNMEIEC
= NOAAEG dev €ival BIWOIYEG KAl AAAEC AYVWOTECQ




O pvbog ™g ovTOTUNG LOVAOAG

O BiodiuAioTnpia:
= Biwolya; Kovta otnv eAANVIKN NpayuaTikoTnTa;

>TNV NpAyuhaTikoTNTaA,

O MeTe€eAiEn vEwV aAAG KUPIWC HIKPWV
EYKATEOTNUEVWV HOVAdWV

O Blounxavikwv povadwyv (xapTofiounxavia, Tpodiua,
ouppaTika diuAioTnpla)

o A&lonoinon evepyeliakwyv QUTWV/KAAAIEPYEIWY, Ao
aypoTIKA, KTNVOTPOPIKA UNOAEIIPUATA

O Movaodec diaxeipionc anoBANTwWY
AlaBeoipec NpwTeC UAEC nou dlaxeipi{opaoTe Aaboc




Brwotpnotnta

O OIKOVOMIKOI OpOl
= AUCEIC XWPIiC eNOOTNOEIG
= [MpounoBeon n napaAAnAn napaywyn NpoiovTwyv Kai o
OAOKANPWHEVOG OXEDIATHOC
O 2ZTNPIEN avTaywVvIOTIKOTNTAC JECA Ano TNV
= EvTonioTnTa
= KaivoTopia

O MepiBaAAovTIKA NMAEOVEKTHHNATA

= Aev gival autopaTa diacpaAioueva

= EmAoyn npwTtng UANG, NnpoiovTwyv, oxediacuoU
o Koivwvikn

= OpeAn yia MME

m TOMIKEG KOIVWVIEC




BIOCORE — 10

ALYDOXVTTAPIVOLYIXO [BLOOIALTTIOL0




[apampotovta yaptoBrounyoviag

Final products Application sectors

2" generation fuels

Thermoplastics

A

Materials

/A
PN

<

iomass - e iotechnolony =

Packaging

Hemicellulose
Forestry waste ’ lul
wmi
SRC wood : —
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OewENTIKEG EMAOYEG
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AVAALOY BLOCLLOTNTHG TEOLOVTWY

Cellulose
Economic Greenhouse gases
Product name Rank (Econ) | Plant profit | Profit | Price | CAPACITY [ Rank (GHG) | GHG balance | Reference product
%] [€/t] t/y tCO,eq./t| tCOjeq./t
C5 Sugars 1 2,76E407 4000 | 32400 1 64
Economic Greenhouse gases 2 2,66E+407 | 106 | 7523 | 23760 12 27
Product name Rank (Econ) | Plant profit | Profit | Price | CAPACITY | Rank (GHG) | GHG balance | Reference product 3 2,64E+07 105 | 4000 [ 39420 5 64
% |€/t] t/y tCO,eq./t| tCO,eq./t 4 2636407 | 105 | 5000 | 30000
Xylonic_acid_2 1 2,76E407 61370 70470 9 05 5 257E407 | 102 | 1667 | 55800 ’ 19
R 2,086+07 %0000 14515 1 84 6 2,55E+407 | 101 | 1971 | 34200 2 68
3 1,09E+07 15000 21384 3 41 ’ 2538407 | 200\ 2079 41310 14 8
1 8 2526407 | 100 | 1079 | 33480 8 27
X0 4 9,72E+406 123 8500 23040 —07,1 Pulp 9 ss2es07 |La00| sso | 7s000 19 ™"
el s 8596406 QECCR 3500 25200 ! Polypropylene_1 10 2526407 | 100 | 970 | 39060
6 843E+06 107 2500 27720 & 23 Wood_adhesive2 1 2526407 | 100 | 500 | 75000 3 -4,2
Name_VTT (Hydrogel) 7 837E+406 106 1888 32400 bioPVC1 12 2516407 | 100 | 681 | 68428 21 20
Bio_polyester 8 824E+06 104 1483 32400 Glucose_2 13 2516407 | 100 | 373 | 60000 16 05
Xylitol_based_polyester 9 820E+06 104 1750 25200 Ethylene_glycol 14 2,51E+07 100 | 800 39000 15 -16
10 7,90E406 100 1000 18475 2 _ 60 Ethylene_4 15 2506407 | 99 | 906 | 19440 18 14
1 780E406 100 360 36000 ) 11 2G_Ethanol 2 16 2,50E+07 99 | 560 32400 10 2,2
Polypropylene 2 785606 99 970 10080 8 _ 20 Dichloroethane_4 17 2506407 | 99 | 443 | 68429
Ethanol 2 3 1656406 99 560 18000 03 22 2_5_FDCA_ester 18 2496407 | 99 | 622 | 37800 9 26
iylene.2 “ JeiEs %9 %06 10800 10 _ e \sos?rbide 19 2496407 | 99 | 502 | 33314
Sorbitol_2 20 2,49E+07 99 | 583 32250 20 05
Propylene 2 15 7848406 99 930 10080 2G_sorbitan_esters 2 2486407 | 99 | 02 | 33282
bioPVC 16 7,83€+06 99 681 22429 u _ 20 Itaconic acid for polyamide 4 6,4
Dichloroethane_2 17 7,82E+06 99 433 38016 Itaconic acid for SB rubber 6 -2,9
Furfural_2 18 7,82E+06 99 579 15840 7 01 18 Polyester_1 1 -18
Wood_adhesive 19 7726406 98 360 36000 Polyester_1 B 18
1,24 4 03 4,1 Glucarate_2 17 05
Lignin
Economic Greenhouse gases
Product name Rank (Econ) | Plant profit | Profit | Price | CAPACITY | Rank (GHG) | GHG balance | Reference product
%l |€/t] t/y tCOseq./t
_ 2 2,64E407 10000 39000 4 28
3 2,60E+07 1076 343980 4,2
Aromatic_polyols 4 2,31E+07 1620 39000
Vanillin 5 2,29E+07 12000 3900 ? ?
Activated_carbon 6 2,27E+07 2093 5742 6 -0,2 -2,4
Phenolic_oligo_monomers 6 2,27E+07 1076 10951
Carbon_black 7 2,25E+07 835 5742 5 -0,2 -2,4
Phenolic_monomers 7 2,25E+07 1750 892
Phenolic_oligomers 7 2,25E+07 800 5563
Lignin as basis for PF resin 3
Pyrolysis oil as wood preservant 7
- 109 8




[aporywyn ctbBovoing

CIMV organosolv

9 SHF with hydrolysis at 60°C
& Near theoretical yields of ethanol
& 1501 batch produced
& Conversion into ethylene underway

H H

y,

DSM'’s heat stable cellulases | |
Industry standard yeast H H DSM j

BRIGHT SCIENCE. BRIGHTER LIVING,




XOAMTOAN nat EVAOVIUO OED

CIMV organosolv

9 Yeast catalyzed conversion

& Using pure xylose up to 150 g xylitol/L at high
productivity (yield 0.73 g xylitol/ g xylose consumed)

& upto 170 g/L of xylonate

Pentose syrup refining is still a challenge

R
\ e

OH
xylose OH L xylitol

J



[ToAvoAeg nat ehaotopeon

KATHOLIEKE UNIVERSITEIT

LEUVEN

Lignin reinforcement of thermoplastic elastomer
& Simple fabrication method

& Increased tensile strength and toughness, with surface hardness
being significantly increased

& Application for electrical appliances (e.g. cables)

0 Kaivouplec NnaTevTeC o€ napaywyn Kail
uopgponoinon




ALyvoonTIVIKES HOMEG

? Replacement of phenol by lignin in phenolic resins suitable for wood
based panels
& Easy preparation method
& Resins with performance that meet the relative European standards

& Resins with lower cost /

Chimar Helas S.A. {37
&

O PnTivec ano tn Alyvivn €ival ¢TNVOTEPEC, EXOUV
KaAuTepeC 1010TNTEC KAl mapayovTail ano
ao(paAeCTEPEC OIEPYATIEC




[ ToAvovpebaveg, Tpotovta TLEOALONG

& LIGNIN-BASED PU FOAMS — /Straw~derived Bubbling fluidised Recovery of Biophenols \
CIMV lignin bed pyrolysis pyrolysis products and biochar

§ ” @ " .

PResults

& Continuous pyrolysis
process is feasible!

& Max 30 wt% biophenols
10% monomers
20% oligomers

& 30-40 wt% biochar

& Application tests
phenolic fractions
planned

¥ CIMV lignin was tested as a filler
agent for Tall oil-based rigid PU foam
(containing 6.3 % w/w and about
approx. 30% w/w tall oil )

& Compressive strength parallel to
foaming direction in conformity with
requirements for use as a construction
material or for and refrigeration
industry ( 0.3 MPa ).

& Experiments with rigid foams
production using 3 - component
spraying machine have revealed how
the process can be further optimized

//
I

J

O PTNVOTEPEC NOAU-oUpeOAVEC, UE NEPIBWPIA
NoIoTIKNG avaBadpuionc

O YnoAsiypaTta nupoAuovTal o€ BlogAala Pe
NpoOONTIKEC uno dlEpeUvVNON




Bro-niaotinonomreg

9 Alternative to di-2-ethylhexyl phthalate (DEHP)
0 0
0O )
sugar

& DEHP renders PVC more flexible, but..........
©. DEHP is linked to health concerns
©. DEHP is petrochemical-based

& At 40 parts per hundred, the bio-based plasticizer makes PVC twice as
flexible as di(2-ethylhexyl)phthalate (DEHP)

WAGENINGEN UNIVERSITEIT
Wk G E NI NG ES [T /




| lapdAnin mapaywyn xar avayxreg
ONOHATPQWUEVOL TYEOLATIUOD




OAOUANPWUEVY] AVATITLEY] ETUAOY WY

7 8 Pilot Plants are used to the final solution

? 3 Clusters of Processes are Selected :
CL1) CIMV + Catalytical Xylitol + Itaconic Acid + PF Resins

CL2) C5 Ethanol + C6 Ethanol
CL3) Catalytical Xylitol

Processesincluded in cluster

Biomass

C=D
Con D 2
C=D

C5 Sugars C6 Sugars Lignia

+ Poly-Urethanes

CIMV + CATALYTIC XYLITOL + ITACONIC ACID + PF RESINS €3 Fthanol + & Ethonol Holy-Urethanes
GRAND COMPOSITE CURVE GRAND COMPOSITE CURVE

Catalitycal Xylitol GRAND COMPOSITE CURVE

\ - = v = .. um

#Hot Duties Before Heat Int= 283,2 MW
#Cold Duties Before Heat Int = 281,9 MW

»Hot Duties After Heat Int= 79,5 MW

vHot Duties Savings = 71,9%
vCold Duties Savings = 73,0%

#Cold Duties After Heat Int = 76,1 MW

19




Evepyetoann ohovinpowon

O Process and energy Integration, better

Process integration Heating and cooling
72% reduction 99% Reduction

(ot %

91.4MW  25.3 MW 19.3 MW 0.2 MW

ing Duty — Composite Curve

A




E&owovounon nopwv

o Water integration and re-use, better
designs

Processes using water:

Total water: = Base Case Re-Use Regeneration &

~44t/h - , :
gw"EJ water Deacidification Recyc I In g
~3t/F=

£

o
B,

K Foss

TR
&1

g—
e

“1u§.r;i; T "1wzatzeurh.E i T
-, process C-
Precipitation -~ concentration .|.. water
Filtration 7| L T 25 t/yr
= i 6.54t/h
water s e £ COERTL e e
~12,24t/h ‘”‘?""_T%_g, _—
T

e

o= =
[Peer
fh {
Water Washing stage 2
— - Discharge
nd = ~
T Lignin precipitation
water
e L
fomoy —>E
processes
Deacidification
. =
Washing stage 3
too Washing stage 1 4
e

e
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HawvoToua
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\
Feedstock Production I Harvesting ,‘ Oil Extraction Market & Use
Selection & Growth : & Processing : & Processing  of Biofuels

————————————————————————————————————————

=exwploTn npoonTikn yia Tnv EAAada (nAiog, vepo)

MIKPO Kal HaKPO-KAAAIEPYEIEC NE EEXWPIOTECG
duvaToTNTEC

CO2 - napdaAAnAn eniAuon NePIBAAAOVTIKWV
npoBANUATWV

KalvoTOMEG XNHEIEC OE KUTTAPIKO €NINEDO
NMpwTonopec xwpec — MNaAAia, MopToyaAia, IopanA
EniAoyn npoiovTwyv — 181aiTeEpa Kpioiuo oTadlo



2NUUOLL TNG TAQUAANANG TLOAYWYNG

TOOLOVTWY

O AnO YAUKEpPIVN O€ YAUKEPIVN-KAPOTEVN

GLYCEROL AND 8-CAROTENE PRODUCTION

NaCl

Waste water

Ethanol

Stack Gas
: (10%C0;)

Vacuum Distillation
(T=20°,P=2.67kPa)

Glycerol gdg
4 KO, MNP, D N a5
ENn
em §=e Raffinate
/ g 3
) % L
Gt pond

{_ Drying Bed

Vacuum Distillation
(T=130°C,P=13.3Pa)

Heavy Ends

O ...ano un Biwoiun os enikepdeotartn dlepyaacia™

*Harvey P.J., PsychaM., Kokossis A.C., Abubakar A.L., Trivedi V., Swami R., Cowan A.K., Schroeder D., Highfield A., Reinhardt G., Gartner S., McNeil J., Day P., Brocken M.,

VarrieJ,, Ben-Amotz A., Glycerol Production By Halophytic Microalgae: Strategy For Producing Industrial QuantitiesIn Saline Water, Conference proceedings, European Biomass
Conference, Milan, Italy, 2012




BroowMorrjpta Prounyavixwy axofAntwy
XAl AOTIHWY ATIOPPIUUATOD. . .
[0w¢ Ta mio Plooua oAwy




20Y%MGY TEQLBAANOVTINWY AL EVEQVELAUWY
OPOUWY

O I'Iponyoupevn OeKAETIa
= ZexwploTa npofAnuaTa
= Kolvec avapopeg
Kauon okounidiwv, RDF kAn
Suphnapaywyn evepyelac (Bio-agpio)
o Neeg Taoslg
= Evepyelakn a&lonoinon anoBANTwWV
Aepionoinon, SRF kAn
A&lonoinon Bloagpiou oav NnpwTn UAN
= [evikOTeEPN a&lonoinon Twv anoBANTWV
O TexvoAoyiec cUYKAIONG
= Agpionoinon, nupoAuon (napaywyn P1o-npoiovTwy, KauoIJwV
Kivnong, oupiag, nnyr'] H2
N A§|on0|non Bio-agpiou, Bio-€Aalou (Blo-aiBavoAng, Blo-
pPOyoOVvoU)
= JUYKAION BIOXNUIK®OV, XNHIKOV, BEPHOXNUIKWY UETATPONWV
O 2TEpea anc')B)\nTa
= MeTd ano kaTtepyacia npooeyyifouv TNV evepyeiakn a&ia Tng
Biopadag
= >Tnv EAAGOA, Ta Bloyevn ocuoTaTika ¢ptavel 7o 30%
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AEeQpLOTOINGY], TVEOALGY

Biomass

Gasification
Syngas ,
!
~ Methanol Fischer Tropsch
|
MOGD

Refining

o [MoAAanAoi kal evaAAakTikoi dpopol
O TeXVOAOYIEC NPOCAPHOCUEVEC OTIC EPOOIAOTIKEG AAUTIOEC




2.0YYQOVEC TRUNTIUEG OLULYELOLONG

O ZUVEXAG avapBaduion cuHBATIKAC EVEPYEIAKNG aalonoincnq
= [Mpotunonoinon - n.x. SRF (CEN/TS 15359 2006 o€ ouvexn diaBoUAguon
oT1o 2010) kal auEavousvn anodoxn

= NeEa evaAlakTika kauvoipa (. é climafuel/Cemex), veec/avaBabuIoOPEVEC
TexvoAoyiec (dedicated, non-de

dicated, plasma, brown field restoration)

O Alac@dAion NApapETPWV AEIPOPIAG
= Avantu&n dikTuwv otnpiénc (n.x. WRAP, NISP) oTo nveuua To ZEBIAN
= KaTtaypapn napauéTpoov asipopiag
= Algioduon oTnVv Kolvwvia - évragn gopéwv augnuevng agionioTiag,
OIKOVOMIKN dlacTaon asipopiag




BEANVIIN Tooy o tinotn o

O ZNuavTika anoBepara ava&ionoinTtwy
OpYaVvIKWV
= MapanpoiovTa Biounxaviec
= AYypoTIKA, KTNVOTPOPIKA
= YOATIVEC KAAAIEPYEIEC
= Yypa anoBAnta
= AoTika anoBAnTa
O TexvoAoyikec AUCEIC yia TN napaywyn
EVEPYEIAKWV MPOIOVTWYV Kal BIOXNMIKWV
O MNepIBaAAoOVTIKG KAl KOIVWVIKA OPEAN,
KUPIWC O€ PIKPO-HUECAIOUC




Eovyapiore)!




