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Share of energy from renewable sources
in the EU Member States —\\ 4

(2018, in % of gross final energy consumption)

— 2020 target
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o H EAAG®a €xel NdN kaAuwel Tov oTtoxo Tou 2020 via 18%
ouppeToxn AMNE otnv akabapioTn kKatavaAwon VepyElag
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(2018, in % of gross final energy consumption)
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— A Bnpian saravaiuan niektpg avlpyeiag —Tahisr kemavihoon avlpyeias ya Bdpgoven wai Pokn

e TEKINF) OOV LN EVEPYILAL OTHL PETEGOPEL A Bdypa oy Telann kool won cvEpyiEg
Mnyn: EBvikd Zxedio yia Tnv Evepyela kal To KAipa, 2019

Mikpn N oupueToxn Twv AME ota kauoiya JeETapopwy, HOAIG
3,8% (2017) oe ouykpion Pe Tov oToxo Tou 10% via To
2020



Evepyeiakoi atoxol Tehue Kook Edpyonag v Mesahods

TNC XWPEAC Yid TO )
2030 e 1

35% n ouvelopopa Twv AMNE cav 10% |
MEPiISIO TNG akaBapioTng TEAIKNG o |
KaTavaAwong evePYEeIac. -

43% n ouvelopopa Twv AME oTn
TEAIKAG KaTavailwon yia 8épuavon

Kal yugn. T — 2025 2027 2030

0 ——Kgpl&ia ANE avv Tekir| Batawikwen yua Metadapis [%] —yuwpl; nolianiamaorig
> 61% n ouveiopopa Twv AME otnv
akadapiorn Katavaiwon — ——
NAEKTPIKNG EVEPYEIAG (KUPIWG Bl e i e e
aloAIKNG EVEPYEIAG).

> ZNnPavTikn au§non Tou p flélOU
Twv AlE oTIg METAPOPEC AOYW
TWV BIOKCIUGILI(DV Kal
NAekTpokivnong (19%)

> X r}\ n noAAanAagiacTwv oTa
gs IYMEVA Blokauoiua Kai Tnv
')A(‘pr%on NAEKTPIKNG EVEPYEIAC ano

2020 Hrd 20E5 a7 a0
® Mrplfen HipeTpur Evipyoam o mokAenbamooris
= Mepifeo fokoucipwy pe nodlarbonacig

Mnyn: EBvIkO oxedio yia Tnv Evepyela kail To KAipa, 2019



Bioudala yia Biokauoiua (2018)

Napaywyn BiovTileA:

o 140,000 x1AIOAITpa (1,68% TwV OUVOAIKWV KAUCIHIWV
METAPOPWV)

58,6% ano onopeAaia (kupiwg nAiaveo)
27,8% ano TnyaveAaia
13,6% ano BappBakeAalo

o 16 povadeg napaywyng PBrovTiCeA (98% Tou cuvoAou TnG
KATAvoung)

o 5 eloaywyeic (2% TOoU GUVOAOU TNG KATAVONNCG)
EYX®WPIEC NPWTEG UAEG yia TNV napaywyn BiovTileA
HAiavBoc: ~177.500 Tovol

EAalokpapuBn: ~28.250 Tovol

>oyia: ~10.600 Tovol

BauBakoonopog: ~153.513 Tovol

TnyaveAaia & {wika Ainn: ~41.200

O O O O O
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Mnyn: Primes, 2015 shares in
transport energy consumption

['1laTi Blokauoiua;
Kauoipga HETagpopwV:
v 329% TNG OUVOAIKNG KATAVAA®WONG EVEPYEIAG

v To neTpeAalo kaAunTel To 94% TwWV EVEPYEIAKWV AVAYKWV
v 22%0 TWV CUVOAIK®WV EKNOPNWV AEPIWV TOU Beppoknmiou

v 'OMWCG, 0 KUPIOG OYKOCG TWV BIOKAUCIMWY NAapayeTal ano TPOPIKEC
KaAAIEPYEIEC Mou avTaywvilovTdl TNV ayopd TPOPiHwV

® Gasoline

® Diesel

m Kerosene

m Gas

m Biofuel
Electricity

Greenhouse gas emission in the EU
in percentage change since 1990:
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80% ~—‘\ﬁi—\__‘_\\’-

60%

40%

1990 1995 2000 2005 2010 2015

™ Road Transport Sector
B Other Sectors




TRANSITION AWAY FROM CONVENTIONAL BIOFUELS

5% -

4% -

3% -

2% -

1%

0% -

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

'ONwWC, 0 KUPIOC OYKOC TWV BloKAUCIiUwV napdyeral ano
TPOPIKEC KAAAIEPYEIEC NOU avTaywvidovTal TNV ayopda TPOPidwV



Transport sector

400

350 electricity

300 hydrogen

250
v e-gas
2 200
= 150 m W biogas

1.5 LIFE relies
100 m natural gas heav|ly on
50 I I I I I I ||qwd biofuel bioenergy
0 n B
e-liquids
Baseline EE  CIRC ELEC P2X COMBQ.5TECHL.5LIFE
2015 2030 2050 ® oil products

Source: European Commission

DG TREN o

v' Ta uypa Biokauaoiua psmcpopoov anoteAouv npounoeson yia Tnv
ENITEUEN TWV KAIUATIKWV OTOXWV, O OAA Ta osvapia

v' Ta uypa Biokauaoiya anoteAouv v novn AME nou pnopei va
XpnolJonoindei oTIC aEPOUETAPOPEC.



Oleochemical Processing g gaseall o

Waste oils and fats Algae

2 e - —— -/* \

Rotterdam renewable diesel refinery of Neste Oil
Source: neste.com

UPM'’s Lapppenranta Biorefinery Unit, producing wood-
based biodiesel in Finland
Source: IEA Bioenergy Source: Biofuels Barometer — Eurobserv’er September 2019



Avalilable technologies for advanced biofuels

Value of product Biological Processing Thermochemical Processing

Synthetic Biofuels

Paraffinic Biofuels (Methanol, Ethanol
(diesel & biojet) Fischer-Tropsch
Dimethyl Ether etc)

Paraffinic Biofuels

FOAK Deployment (diesel & biojet)

In development

Ethanol
Commercial
Chemicals Fuel or
Chemicals «._
Synthesis gas
CO+H2
- L
9
Source:
European Lignocellulosic Lignocellulosic Lignocellulosic Wastes & industrial
Commission biomass, wastes biomass, wastes biomass, wastes process residues, novel oils
DG TREN

Value-Chain, Consumer goods, Process Complexity, & Production Costs

Bioudada yia rapaywyn BIoKauaidwy Kol GAAWY TTPOIOVTWY UWNANC TTPOCTIBEEVNG
G§i0§ (Aev avagépeTal N avaepoBia CUUwan yia TNV TTapaywyn pioagpiou Kai Biopedaviou)



Source: European Commission

Value of product

Biological Processing

Sunliquid cellulosic ethanol

Paraffinic Biofuels Announced plans for plants in SL, RO

Wastes & ind.
process residues

Lignocellulosic
biomass, wastes

(diesel & biojet) Sept. 2018 — groundbreaking RO plant (50

kton/a ethanol) -
CLARIANT
Ethanol 8 L i i
§ Ve ' ai- ]
& Fuel or bl S2 s i o o R
Q"} Chemicals

1
7
7

Sugars | ignin

Capacity 10 million liters ethanol from
saw mill dust (pine) {
Commissioning 2017

any

Cellunolix® Kajaani, Finland

Source: ETIP Bioenergy



Value of product Thermochemical Processing

Source:
ETIP Synthetic Biofuels
Bloenergy (Methanol, Ethanol Paraffinic Biofuels
I_:lscher-Tropsch (diesel & biojet)
Edmonton Dimethyl Ether etc)

100 000 tons of RDF input
38 000 m? of methanol/ethanol
Univ. Sherbrooke/Enerkem technology

Operation 2014,2017-2018 highlights: “

+ MeOH to EtOH conv. installed N

* Plans for project in Rotterdam 0’9’

e ~220 M$US from investors Fuel or

(3 Gateborg Energi .’].l;ﬁk

/ > Chemicals

Synthesis gas

CO+H2 . T
o
&
>
&
N
o
(<)
o . Lignocellulosic  Lignocellulosic Wastes & industrial
30 MWth biomass input biomass, wastes biomass, wastes process residues

20 MW bio-methane, 5 MW heat output
TUW/Repotec/Valmet, Haldor Topsoe SNG
Operation 2014, 2017-2018 highlights: Source: European Commission
* MCR capacity reached

* 1800 uninterrupted hours

Mothballing decision taken source: ETIP Bioenergy



QpiuoTnTa TEXVOAOYIWV

TRL 1-3 5 6 7 8 9
Research Pilot Demonstration Commercial
LC ethanol 1G ethanol
LC butanol 1G butanol
I
Syngas fermentation
[
Gasif+ Mixed alcohols
I
Aerobic fermentation Gasif+FT FAME
[
Pyrolysis oil + upgrading
[
Agqueous phase reforming
o |
Gasif+ DME Gasif+Methanol (usingglycerol) I
_______ I__________I
Gasif+H; Gasif+hbioSNG AD + Biogasuppgrading
I

COD; + Hacatalysis Renewable electrolysis




Production costs
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(large span due to very different feedstock costs)




Figure S2: Declining capital-cost shares In advanced blofuels production
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Fischer-Trops| Pyrolysis oil Methanol Agueous Micro-algae |Mixed alcohol Syngas Lignocellulosic
synthesis upgrading to gasoline phase oil transesteri-| synthesis fermentation | fermentation

reforming fication
Diesel/Gasoline Substitutes Alcohols
m Capital costs Feedstock costs  mOperation and maintenance costs

MNote: All data have been converted from gigafoules to litres based on lower heating values. Production costs are given in
LIS par fitre.

v To KOOTOC TNG NpWTNCG UANG anoTeAei TN peyaAuTepn ouvelo@opa (40%
-70%) 0TO OUVOAIKO KOOTOC Nnapaywyngc.

v AUuTO pnopei va au&nBei 000 To KOOTOC KEPAAAIOU MEIWVETAlI KAl N
TEXVOAOYIKN avantuén kabiotd Tn JeTaTponn ¢OnvoTepn Kal
AnOTEAECUATIKOTEPN.

v ENOMEVWG, n OnNHIoUpYia nNPAKTIKOV Kdl AnNOTEAECHATIK®V
aAucidwv e@odiacHoU gival KAOOPIOTIKAG oNHACIAC
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Biomass supply chain

In the field
BIOMASS form
Loose material

Dimension

S5m Transport

In the conversion plant
Storage
Handling

5m —. Comminution

Bundles
Bales 0.5-1.0m
Billets 0.1-0.5m
Chips 0.05m
Particles 0.005m
In the intermediate store
Storage,
Handling,
Transport Comminution?,
Drying ?

Classification
Drying?
Feeding to conversion

Transport
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Kaivotopa cuaTtiuara aueiYioTtopdac o€
XwpeeC TNC NoTiag EupwTtrng

Y10 tpoypappa BECOOL s€etalovial oAokKANPpWHEVEC AAUGLOEC TTapaywynG
Kol xpriong Bropadag, mouv Ba mpoEpYETAL ATO:

*  VEWPYLKA Kol SOOLKA UTTOAEMHOTA OTIWG AXUPO, KOPULOLOL EVKAAUTITOU,

*  KOLVOTOMO CUCTHHOTO OUELPLOTIOPAC ETACLWV EVEPYELAKWV/
Bropnxavikwv putwv (sunnhemp, vwdeg 0opyo, kKevad Kot Blopnxavikn
kKavvapn) pe ortnpad ko Ppuxavon, pe otoxo tnv napaywyn Bropalag,
XWPLC va emnpedletal apvnTLKA N Ttapaywyn Tpodipwy, n motoTnTa Tou
ebadouc aAAd Kal oL cuVABELSC XPNOELS VNG LA TIEPLOXAG.

Miscanthus

Sun hemp

@ BECOOL

Brazil-EU Cooperation for Development
of Advanced Lignocellulosic Biofuels



KaivoToua GUCTANATA QUEIYICTTOPAC O€ XWPEC TNC
NoTiag Eupwttng

MeipapaTikoi aypoi KAME

Wuyxaven
(Sunnhemp)

& &

Evepyeiaka/
IopNXavika euTa

Kahaunoki

ZITapl

Evepyeiaka/
Blopnxavika uTta

R "4

( BECOOL Kahaunok 4 oboXevdl ZUYKOUION Kal depaTonoinan
oyl s oy oT1o University of Bolognha

ZITapl




KaivoToua GUCTANATA QUEIYICTTIOPAC T€ XWPEC TNG
NoTiag Eupwting

2018 2019 2020 2021
JFMAMJ) J ASONDJFMAMIJ JASONDIJFMAMIJJASONDIJFMAMIJ]JASONDIJFMAM
C aize Wheat Maize Wheat
R1 | Maize Sunn Hemp Wheat Sunn Hemp Maize Sunn Hemp Wheat
R2 | Maize Fiber sorghum  Wheat Sunn Hemp Maize Fiber sorghum  Wheat
R3 | Maize Kenaf Wheat Sunn Hemp Maize Kenaf Wheat
R4 | Maize Hemp Wheat Sunn Hemp Maize Hemp Wheat
R5 Sunn Hemp ~ Wheat Sunn HemyWheat Sunn Hem| Wheat Sunn Hem| Wheat Sunn Hem}Wheat
N /
Hltaly ®Greece W Spain Eitaly ®Greece W Spain
a0 9
80 8
70 7
60 6 -
® 50 + 5
E 40 ol
* 30 3
20 2
10 1 4
0 o -
C R1 \ R2 Y, R3 R4 R5 R1 R2 R3 R4 RS
Crop rotation schemes Crop rotation schemes

Napaywyn Biopalacg (2017-2019)

@

Napaywyn oirnpwyv (2017-2019)

AnNO Ta ANOTEAEOHATA TOU NPWTOU KUKAOU PpaiveTal
OTI au&averal n napaywyn Biopalac xwpeic va

BECOOL

Brazil-EU Cooperation for Development
of Advanced Lignocellulosic Biofuels

ENNPEAOCTEI N NAPAYWYH TWV CITHPW®V




2UPTTEPAOUATA

Ta asipodpa Blokauoipya eEapTwvTdl anod To KOOTOG TNE NPWTNG UANG.

Ta udpoyovwpeva QuTIKa €Aaila (HVO) napdayovral NAEOV O €UMOPIKN
KAiHaka o€ XapunAoTepa KOOTN and Ta AaAAa nponypeva Biokauoiya, nAnv
OMWC Ol MAapAyYONEVEC NOCOTNTEC €ival MIKPEG AOYwW MIKPNG O1a0ecipoTnTaC
NPWTWV UAWV.

H napaywyn AlyvokuTTtapivouxou aiBavoAng €ival o€ npoxwpnuevo oTtadlo
WPIYNOTNTAC, EVW Ol TEXVOAOYIEC TNC depionoinong kKal nupoAuong eival
akopa o atadio eEEAIENC.

H nAekTpokivnon 6a nai&el onuavTikd poOAo OTnNV avTikataoTacn Twv
OUMBATIKWV KAuoidwyv, OMwG Oev €ival n anokAegioTikn Auon. 'Opwg ol
anaiTnoeiC yia uypa- agpia Blokauoiya kal aAAa avavewaoiga kauoiya 6a
gival JEYAAEG, 10iwC OTOV TOMEA TWV AEPOUETAPOPWY KAl TG vauaoinAoiac.

Kpioiyog napayovrac yia TnV OIKOVOMIKN BiwoiyoTnTa TNG napaywyng
Blokauoipwy, €iTe ano unoAciguata (Yewpylka/dacika) e€ite ano
EVEPYEIAKEG KAAAIEPYEIEC, anoTeAEl n dnuioupyia epodiacTIKWV AAUCIdwWV

KalvoTopua cuoTtnuaTta apeiyionopdc pnopouv va sEacpalioouv au&non
oTnv napaywyn Blopalag Xwpic va e€nnpedcouv TNV nNadpaywyn Twv
TPOPIKWV PUTWV (N.X OITnpa)
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Brazil-EU Cooperation for Development
ed Lignocellulosic Biofuel:
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- 210-6603394
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