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Einladung/Programmheft

NEVAY Sy
Highlights der Bioenergieforschung

Nationale und internationale Ergebnisse
zu den IEA Schwerpunkten

Die 20/20/20-Ziele der europaischen Kommission sind nicht nur eine energiepoliti-
sche Herausforderung, sondern vielmehr eine Chance fir innovative Betriebe in
Osterreich. Im Bereich Biotreibstoffe, wie auch in verschiedenen anderen Bereichen
der erneuerbaren Energietechnologien, konnte sich Osterreich bereits europaweit
und weltweit gut etablieren. Um in diesen Bereichen die FUhrungsrolle noch starker
auszubauen, sind wesentliche Anstrengungen in der Forschung und Technologieent-
wicklung, aber auch bei der Marktiberfihrung, z.B. mit Mitteln aus der Europé-
ischen SET-Plan-Initiative, notwendig.

Bei den Biotreibstoffen spielen Innovationen, Investitionsmittel fir die Errichtung
von Anlagen im Industriemalstab, die Integration in bestehende Strukturen, sowie
die nachhaltige, umwelt- und sozialvertragliche Beschaffung der Rohstoffe eine
wesentliche Rolle. Vor diesem Hintergrund steigt die Bedeutung internationaler
Zusammenarbeit, sei es im Rahmen der |IEA oder der Instrumente der EU. Vorteile
wie internationale Trends und Entwicklungen zeitgerecht zu identifizieren oder an
technologisch anspruchsvollen Fragestellungen gemeinsam arbeiten zu konnen sind
fur Osterreich als kleines Land entscheidend.

Das bmvit hat den diesmaligen Veranstaltungsfokus auf den Schwerpunkt ,Biotreib-
stoffe” gesetzt. Kombiniert wird die bereits 5. Highlights der Bioenergieforschung
mit dem Nationalen Task 39 Workshop von IEA Bioenergy Task 39, bei dem alle
drei Jahre die Osterreichischen Forschungsaktivitaten zu Biotreibstoffen kompakt
dargestellt werden. Die Organisation der Veranstaltung erfolgt in Zusammenarbeit
mit dem Netzwerk Biotreibstoffe, welches bei dieser Gelegenheit sein breites
Informationsangebot darstellen wird. Dank der gemeinsamen Tragerschaft mit
BIOENERGY 2020+ und unter Mithilfe der Fachhochschule Wieselburg, FJ-BLT und
Joanneum Research wird die zweitagige Veranstaltung an der FH Wieselburg und
im TZWL durchgefihrt.

Ort Zeit

Fachhochschule Wieselburg 30. und 31. Marz 2011
Zeiselgraben 4 10:30 bis 21:30 Uhr
3250 Wieselburg 8:30 bis 17:30 Uhr

www.nachhaltigwirtschaften.at/iea
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NEVAV =

ANREISE

Offentliche Anreise:

> von Wien: Wien Westbahnhof — Abfahrt OBB Intercity 8:44,

Umsteigen in St.Pdlten Hbf — Abfahrt Regionalzug Richtung Scheibbs 9:37,

Ausstieg Wieselburg/Erlauf Bahnhof — Ankunft 10:22, weitere 13 Minuten zu FuR

> von Linz: Linz/Donau Hbf — Abfahrt OBB Intercity 8:31, Umsteigen in St.Pélten Hbf —
Abfahrt Regionalzug Richtung Scheibbs 9:37, Ausstieg Wieselburg/Erlauf Bahnhof —
Ankunft 10:22, weitere 13 Minuten zu Fuf}

> von Graz: Graz Hbf — Abfahrt OBB Eurocity 5:39, Umsteigen Wien Meidling —
Abfahrt S-Bahn Richtung Unterpurkersdorf 8:27, Umsteigen Wien Hiitteldorf —
Abfahrt OBB Intercity 8:52, Umsteigen in St.Pdlten Hbf — Abfahrt Regionalzug
Richtung Scheibbs 9:37, Ausstieg Wieselburg/Erlauf Bahnhof — Ankunft 10:22,
weitere 13 Minuten zu Fufy

Anreise mit dem Auto: \3@/“";——-———'“%

Zur Tagung gelangen Sie tiber die Autobahn A1: m = R

> von Wien oder Linz kommend / Abfahrt Ybbs/Wieselburg / - - m:“ﬁ&"iﬁ;
B25 Richtung Wieselburg ca. 3 km / bei 1. Ampel an der o N laon 43 458, 5000

Ortseinfahrt links / nach 30 m rechts auf den FH-Parkplatz Wieselburg \

NACHTIGUNGSINFORMATIONEN
Shuttle Service zwischen Veranstaltungsort und den
Né&chtigungsmdglichkeiten nach Bedarf.

Hotel Steiner PéchlarnerstralRe 26-30, 3251 Purgstall

Buchungscode: Highlightsveranstaltung Biotreibstoffe

Tel.: +43/(0)7489/70888; Email: info@hotelsteiner.at; www.hotelsteiner.at
Preis: EZ ab € 64,-- inkl. Frihstiick

Landgasthaus Barenwirt Ybbser Strale 3, 3252 Petzenkirchen
Buchungscode: Highlightsveranstaltung Biotreibstoffe

Tel.: +43/(0)7416/521530; Email: baerenwirt@aon.at; www.baerenwirt1.at
Preis: EZ ab € 50,-- inkl. Friihstiick

Gasthof zur Traube Ybbser Stral3e 1, 3252 Petzenkirchen
Tel.: +43/(0)7416/52152; Email: office@gasthofzurtraube.at; www.gasthofzurtraube.at
Preis: EZ ab € 42,-- inkl. Frithstiick

BICENERGY 2020+ GmbH |/
Standort Wieselburg Scheibbs

Detaillierte Informationen zur Anreise und weitere Nachtigungsmdglichkeiten entnehmen Sie den
zusatzlichen Anreiseinformationen (www.nachhaltigwirtschaften.at/iea/veranstaltungen).

Wegen der begrenzten Nachtigungsmdglichkeiten in Wieselburg und Umgebung wird um rasche
Anmeldung und Zimmerreservierung ersucht.

www.nachhaltigwirtschaften.at/iea
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Programm Tag 1: 30. Marz 2011
Highlights der Bioenergieforschung

10:30 Anmeldung und Information

11:00 Biokraftstoffe: Energie fiir den Transportsektor
Moderation Martina Ammer, BMVIT, IlI/I 3

BegrifRung durch das BMVIT
Michael Paula, BMVIT, Ill/I 3

BegriRung durch die FH Wieselburg
Astin Malschinger, FH Wiener Neustadt, Standort Wieselburg

Landwirtschaft und Biokraftstoffe
Johann Marihart, AGRANA Beteiligungs AG

Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI - BioEnergy International AG

Equipment zur Produktion von Biokraftstoffen
Thomas Pschorn, Andritz

Biokraftstoffe und Raffinerieprozesse
Walter B6hme, OMV AG

Erneuerbare Energie im Individualverkehr der Zukunft
Max Lang, OAMTC

12:40 Mittagessen

14:00 Biokraftstoffe in Osterreich und der EU
Moderation Gerfried Jungmeier, Joanneum Research - Resources

Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

Rechtliche Basis in Osterreich und der EU
Heinz Bach, BMLFUW, Abteilung V/5

European Industrial Bioenergy Initiative — Chancen fir die Industrie
Theodor Zillner, BMVIT, Ill/I 3

CO2-Minderung im StraRenverkehr
Werner Tober, TU Wien - IFA

Netzwerk Biotreibstoffe
Dina Bacovsky, BIOENERGY 2020+

15:40 Kaffeepause

www.nachhaltigwirtschaften.at/iea
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16:15 Das IEA Energy Technology Network
Moderation Manfred Worgetter, FJ-BLT

IEA Bioenergy
Josef Spitzer

Task 33: Thermal Gasification of Biomass
Reinhard Rauch, TU Wien - VT

Task 37: Energy from Biogas and Landfill Gas
Bernhard Drosg, BOKU - IFA Tulln

Task 38: Greenhouse Gas Balances of Biomass and Bioenergy Systems
Neil Bird, Joanneum Research - Resources

Task 39: Commercialising Liquid Biofuels from Biomass
Dina Bacovsky, BIOENERGY 2020+

Task 40: Sustainable International Bioenergy Trade - Securing Supply and Demand
Lukas Kranzl, TU Wien - EEG

Task 42: Biorefineries: Co-production of Fuels, Chemicals, Power and Materials from Biomass
Gerfried Jungmeier, Joanneum Research - Resources

IEA Advanced Motor Fuels und IEA Hybrid and Electric Vehicles
Andreas Dorda, BMVIT, I/ 4

Diskussion

17:45 Resumee des Tages
Theodor Zillner, BMVIT, 11l/I 3

18:10 Transfer ins Technologiezentrum Wieselburg-Land (TZWL)

18:30 Kamingesprach im TZWL
Moderation Manfred Waorgetter, FJ-BLT

BegrifRung

Karl Gerstl, Blrgermeister der Gemeinde Wieselburg-Land

Claus Zeppelzauer, ecoplus. Niederdsterreichs Wirtschaftsagentur
Verbrannt - Verstromt - Verfahren?

vor dem Kamin:
Alexander Bachler, Landwirtschaftskammer Osterreich
Franz Kirchmeyr, ARGE Kompost&Biogas
Ewald-Marco Miinzer, Mlinzer Bioindustrie
Reinhard Koch, Européisches Zentrum fir erneuerbare Energie

19:30 Transfer und Abendessen

30. und 31. Mérz 2011 — Fachhochschule Wieselburg | Zeiselgraben 4 | 3250 Wieselburg 13
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Programm Tag 2: 31. Marz 2011

Transportation Biofuels Research in Austria 2011

8:30

10:15
10:45

14

Lignocellulosic Biomass and Biofuels
Chair Manfred Worgetter, FJ-BLT

Availability of forest biomass: regional energy concepts and consumer acceptance
Josef Walch, FH Wiener Neustadt, Standort Wieselburg

Logistic chains for wood chips from short rotation forestry
Franz Handler, FJ-BLT

Investigation of hydrolytic microorganisms and enzymes for depolymerisation of
recalcitrant biomass
Georg Glibitz, Stefan Weil3, TU-Graz - Umweltbiotechnologie

Is second generation bioethanol commercialized yet?
Markus Lehr, VOGELBUSCH Biocommodities

Assessment of ligno-cellulosic bioethanol concepts in Austria — technical,
economic and environmental aspects
Kurt Kénighofer, Joanneum Research - Resources

The current situation of lignocellulosic bioethanol — with regard to straw in Austria
Heike Kahr, Alexander Jager, FH Oberésterreich, Campus Wels

New avenues for fungal strain improvement towards enzymatic degradation of
cellulosic biomass for biofuel production
Verena Seidl-Seiboth, Christian P. Kubicek, TU Wien - VT

Coffee Break

Innovative Technologies
Chair Dina Bacovsky, BIOENERGY 2020+

Advanced biofuels by gasification - Status of R&D work in GUssing
Reinhard Rauch, TU Wien - VT: BIOENERGY 2020+

New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

Direct use of biomass in FCC-plants
Alexander Reichhold, TU Wien - VT

Status and prospects for microalgae as raw material for third generation biofuels
Martin Mohr, ecoduna

Algae for energy — Identification of the most promising algal-based pathways in Austria
Maria Hingsamer, Joanneum Research - Resources

HYVOLUTION - Biological production of hydrogen from biomasses: process
balances and process integration
Walter Wukovits, Domenico Foglia, Anton Fried!, TU Wien - VT

Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten
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12:45 Lunch Break

13:45 Developments for Pure Plant Qil, Biodiesel and Biogas
Chair Kurt Pollak, New Energies and Strategies

Status and prospects for pure plant oil as transport fuel
Josef Rathbauer, FJ-BLT

Biomethane for CNG and Grid Injection using Membrane Processes: New
Developments and Technology Rollout
Michael Harasek, TU Wien - VT

Environmental assessment of biomethane injected into the gas grid
Johanna Pucker, Joanneum Research - Resources

Emissions in the engine combustion of biofuels and fuel mixtures
Jiurgen Blassnegger, TU Graz - VKMB

Impact of oxygenates in diesel fuel blends on engine emissions and
combustion properties
Philipp Teiner, TU Wien - IFA

15:30 Coffee Break

16:00 Biofuels and Sustainability
Chair Kurt Kénighofer, Joanneum Research - Resources

Experiences and lessons learned of applying the GHG-methodology of the
European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research - Resources

BioGrace — Harmonising calculations of biofuel GHG emissions
Nikolaus Ludwiczek, BIOENERGY 2020+

Biofuel production in African countries — case studies
Katharina Zwiauer

Developing countries — Programs and lessons learned
Hannes Bauer, Austrian Development Agency

17:20 Summary of Day
Theodor Zillner, BMVIT, Ill/I 3

www.nachhaltigwirtschaften.at/iea
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Titelfoto: ELEN, fotolia.com

Information und Anmeldung:

JOANNEUM RESEARCH
Forschungsgesellschaft mbH

Kurt Kénighofer

Email: kurt.koenighofer@joanneum.at
Tel.: +43 (0)316/876 1324

Fax: +43 (0)316/876 1320

Die Teilnahme ist kostenfrei, eine Anmeldung ist bis spatestens 23.3.2011
erforderlich.

Beschrankte Teilnehmerzahl, bitte rechtzeitig anmelden!

Mitveranstalter:

bioenergyzozo+  Task 39 FH» LN BLY

IEA Bioenergy Wiener Neustadt WIESELBURG
-

Forschungskooperation Internationale Energieagentur

Verantwortung:

Bundesministerium fiir Verkehr, Innovation und Technologie
Abteilung flir Energie- und Umwelttechnologien

Leitung: DI Michael Paula

A-1010 Wien, Renngasse 5

bm@di

16 Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



BegriiBung durch das BMVIT
Michael Paula, BMVIT, lll/1 3

Biokraftstoffe: Energie fiir den Transportsektor
Moderation: Martina Ammer, BMVIT, lll/] 3

BegriiBung durch das BMVIT
Michael Paula, BMVIT, Ill/] 3

Zukunftsfrage Energie
KLIMA:

Senkung der Treibhausgase um 80% — 95% bis 2050
RESSOURCEN:

,»Wir sind der Auffassung, dass die Welt
auf eine Zeit der unstabilen —
Ubergangsphasen ... hinsteuert* SHELL 16.2.2011

RISKEN:

Fukushima

I:l E FORSCHUNGS
KOOPERATION

Paula 2011
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BegriiBung durch das BMVIT
Michael Paula, BMVIT, lll/1 3

18

Ubergang zu einem postfossilen bm@
Wirtschafts- und Energiesystem

= Rasante Verdnderungen, Briiche(?)

= Globaler Wettlauf um zukiinftige Technologiemérkte

hat begonnen
= Besonders China, Indien, etc. beschleunigen rasant
= EU-SET-Plan,

= Clean Energy Ministerial, ...

Fatih Birol (IEA) spricht
von einer Energierevolution

Paula 2011

bm@

Was heiRt das fiir Osterreich?

= Bei Technologien der Energie- und Ressourceneffizienz

ist Osterreich fiihrend

= Wie lange noch?

= Andere Lander insbesondere in Asien holen stark auf

= |n den nachste 5-7 Jahren muss eine neue Generation

hocheffizienter und intelligenter Technologien fiir

Globale Markte etabliert werden.
= F&E hat Schliisselrolle

= Heimmarkt fiir Marktiiberleitung entscheidend

Paula 2011

1

E

FORSCHUNGS
KOOPERATION
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Landwirtschaft und Biokraftstoffe
Johann Marihart, AGRANA Beteiligungs AG

o R4y
Lol ——— B

K\

Landwirtschaft und Biokraftstoffe

Wieselburg, 30. Marz 2011
DI Johann Marihart, CEO AGRANA Beteiligungs-AG

.ﬁ}‘ % .“ * | \y

Marz 20111

; — i

TARCH. ERUIT.

AGRANA — Auf einen Blick

* Zucker wird vertrieben * AGRANA produziert Stdrke und « Fruchtsaftkonzentratkunden sind
- an Endverbraucher iiber den Spezialstarkeprodukte. Fruchtsaftabfiiller und die
Lebensmittelhandel (20 %) sowie e« Stérke: komplexes, nicht wasser- Getréankeindustrie.

N i i i lésliches Kohlehydrat. Stérke wird in « Fruchtzubereitt ind

an die weiterverarbeitende R < ruchtzubereitungen sin
Industrie: z. B. StiBwarenindustrie, der Nahrungsmittelverarbeitung als kundenspezifische Produkte fiir
Fermentationsindustrie sowie Verdickungsmittel sowie fir - die Molkereiindustrie,

- - technische Anwendungen z.B. in der . . .
sonstige Nahrungsmittel- und Papierverarbeitung eingesetzt. - die Backwarenindustrie,
Getrénkeindustrie (80 %). " : r - die Eiscremeindustrie.

« Bioethanol ist Teil unseres Starke- g
Geschéftes.

Mérz 2011[2

AGRANA - Auf einen Blick

AGRANA - der natiirliche Mehrwert!

Konzernumsatz > 2 Mrd. €

Ergebnis der Betriebstétigkeit > 100 Mio. €
Eigenkapitalquote > 50 %

Reduktion der Nettofinanzschulden

Aufnahme in den dsterr. Nachhaltigkeitsindex VONIX
Investitionen ~ 60 Mio. €

Mitarbeiter ~ 8.000

52 Produktionsstandorte in 25 Landern

11811111

DE FORSCHUNGS )
KOOPERATION Mérz 2011(3 1
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Landwirtschaft und Biokraftstoffe
Johann Marihart, AGRANA Beteiligungs AG

Der Biokraftstoffpfad in Osterreich

e Ab 1.10.2012 6,25 % Substitution (6,3 % in Diesel (B7),
6,1 % in Benzin (E10))

Energetische
Substitution in %
o B7
7% 6,25%
6% L +05 %
o E10
son B5  +1ds %{ 5,75%
4% T L 4,3% ES
+1,8% ¢
3% T ]
2% T 2,5%
1%
f f f
1.10. 1.10. 1.10. 1.10.
2005 2007 2008 2012

- - Vorgeschriebene Substitution in % energetisch
— Bioediesel

Méarz 2011|4 ~—— Bioethanol

Au_sblick

* Notwendig zur Erhéhung des energetischen Substitutionsziels
von 5,75 % auf 6,25 %

e AGRANA Bioethanolanlage in Pischelsdorf|NO exportiert aktuell 50%
(ca. 100.000 m3)

e Es wird E5 (ca. 15 %) neben E10 (ca. 85 %) weiterhin fiir Altfahrzeuge geben
e Tankstelleninfrastruktur nach Auflassen von Normalbenzin verfiigbar
e Normierung von E10 analog zu Deutschland

e Bioethanol in Osterreich -> Pischelsdorf ausreichend fiir E10!

Mérz 20115

Warum Bioethanol aus Pischelsdorf?

e Technologie — State of the Art:
o Investition 125 Mio. €, 80 Arbeitspldtze
o Logistik: Bahn und Schiff!
o Energieversorgung: Verbund mit kalorischem Kraftwerk

» Verarbeitung It. UVP von bis zu 620.000 Tonnen Getreide jahrlich mé'gich
=> Osterreichs Getreide-Uberschussmengen finden eine
sinnvolle Verwertung!

e Bioethanol-Kapazitat von bis zu 240.000 m3 (= 200.000 Tonnen) jahrlich
=> kann 10 % des Osterr. Benzinbedarfs (=E10 Bedarf) substituieren!

+ ,DDGS" (EiweiBfuttermittel ActiProt) von bis zu 190.000 Tonnen jahrlich
=> substituiert rund 1/3 der dsterr. Soja-EiweiBfuttermittelimporte!

¢ Weitere geplante/in Bau befindliche Nebenproduktverwertung:
o CO, Riickgewinnungsanlage — biogenes CO, v.a. fiir Kohlensaure fiir Getrankeindustrie

o Weizenstdrkeanlage — dem Bioethanolwerk vorgeschaltete Weizenverarbeitung — in der
Weizenstarkenanlage ungenutzte Rohstoffbestandteile werden in Bioethanol- und

EiweiBfuttermittelproduktion weiterverwertet D E F O R S C H U N G S

Marz 201116 e KOOPERATION
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Landwirtschaft und Biokraftstoffe
Johann Marihart, AGRANA Beteiligungs AG

Positive CO, — Bilanz G
NS

CO,-Aquivalent
ko

40, Lebenszyklus THG-Emissionen

-

ol t 3,4 kg
25 - ~ 50 % Einsparung

20 4 ‘
5T gm0 1,6 kg
10 4

05 4

00 +————

Benzin Bioethanol
=> Treibhausgas-Reduktion durch Anlage gesamt 380.000 Tonnen!

Mérz 2011|7 Quelle: Joanneum Research, 2008

Soja-Importe vermeiden = R &
NS

rund 500.000 t
Sojaimporte

Pischelsdorf
1 ha Soja _Stl
=3t 0) )
PR iy 4000 |
[ s, L Ethanol
1 ha Mais
4tDDGS
1.300.000 t
Getreideexport

=> Pischelsdorf = Mobilitat bei CO,-Einsparung und
Vermeidung von GVO-Importen!

Mérz 20118

Nachhaltiger CO,-Kreislauf & ok &
NS

Nachhaltiger CO_2 Kreislauf m

a4 a4

Photosynthese
I CO, +H,0 I

§E e X r‘ oo el
I o Starke . ,ﬁﬂﬁb I

Glukose
g @ Alkoholische Girung N2
Bioethanol - ,o:‘é‘
a EiweilRfutter W
2} AIR LIQUIDE ActiProt* ”
CO, Riickgewinnung (CCU) i ¥
Mérz 2011(9 4
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Landwirtschaft und Biokraftstoffe
Johann Marihart, AGRANA Beteiligungs AG

_Schema Weizenstarke-/Bioethanolfabrik

nteagri

Weizenstarkefabrik
Bioethanolanlage
Weizenstark ~ Weizengluten  Kleie B + C-Stérke Hammermiihle
e 23.500 t 55.000 t 69.000 t

(A-Starke)
107.000 T

' : Bioethanolprodukti
:-;v,_ % ” ioethanolproduktion

Bioethanol biogenes CO, gentechnikfreies
Treibhausgasbilanz von Bioethanol EiweiB-Futtermittel
AGRANA Bioethanol spart (iber den ,ActiProt"

gesamten Lebenszyklus 50% an

Treibhausgasemissionen gegentiber

Benzin! @i -_I & ”

Marz 2011|10

Langfristig

» Bevolkerungsentwicklung
o Weltbevélkerung steigt um ca. 80 Mio. Menschen pro Jahr (davon 95 % in Entwicklungslandern)
o Derzeit 6,5 Mrd. Menschen, 2050 tiber 9 Mrd.

¢ Wirtschaftswachstum -> wohlstandsbedingte Veranderung der Erndhrungsgewohnheiten

o Welt-Fleischkonsum It. USDA 2005-2010 +9 % auf 238 Mio. Tonnen
o Fleischproduktion erhoht Getreidebedarf:
-1 kg Geflugel -> ~ 4 kg Getreide
-1 kg Rind -> ~ 8 kg Getreide
0 2|3 des weltweiten Getreideaufkommens werden schon heute als Futtermittel eingesetzt
e Strukturschwéachen/fehlende Investitionen in die Landwirtschaft in Entwicklungslandern
0 60 — 80 % der Bevolkerung arbeiten in der Landwirtschaft und konnen Bedarf nicht decken

o in entwickelten Landern produzieren 2 % Landwirte Uberschiisse
o verfehlte landwirtschaftliche Prioritaten

Kurz- & Mittelfristig

e Tempordre witterungsbedingte Angebotsengpasse
» Internationale Getreideproduktion & -Verbrauch

e Finanz-Spekulation

Marz 2011]11

« Olpreis ca. 110 USD/bl
« EUR/USD 1,40
* Weizen 253 €/t

140 $/bl
— ...Energiedquivalenzpreis
110 $/blj- === === m e m e m e - Weizen/Ol
1 Annahmen:
75 $/bl -{eeemememmcminieieanee ¢ : « Ol: 9200 keal/m?
: : * Weizen: 3130 kcal/t
i « USD/EUR: 1,4
30 $/bl ----------- « :
Olpreis : '
1

43 €/t 1076/t 157 €/t 2006/t \yepenoreis

=> Getreide wird derzeit unter Annahme eines Energiedquivalents tiberzahlt!

Marz 201112 1
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Landwirtschaft und Biokraftstoffe
Johann Marihart, AGRANA Beteiligungs AG

10 %

6 Mio. ha
8 t/ha

EU - agrarische Nutzflache

180 Mio.
m?

Benzin ™

) 18 Mio. t
6 Mio. ha EiweilRfutter

Sojaanbauflache

DDGS
ActiProt [

Netto-Flachenbedarf = 0

Marz 2011[13

Biotreibstoffpotential 1. vs. 2. Generation TGE/\/?

AN

Nahrungs- agrarische
bedarf in % Produktion in %
200 150
xion
agre® prode® ation
150 < ‘bstoﬁe 1. Genet!
Ubefsg‘?\‘;che Bioure! unggbedaﬁ 100
} ?lneerﬁend\"“ Naf
100
50
50
tion
B'\otre'\bstoffe 2. Generd
o 0
2008 2050
6,5 Mrd. > 9 Mrd.
Menschen Menschen

Mérz 201114

Zusammenfassung & R &

K\

« Bioethanolproduktion in Osterreich ist nachhaltig und

macht Sinn

e Erfolgreiche 1. Generation ist Voraussetzung fiir 2.

Generation

o Kapazitat flir E10 ist schon in Betrieb!

¢ Rohstoffversorgung ist gegeben

FORSCHUNGS
KOOPERATION

=
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Landwirtschaft und Biokraftstoffe
Johann Marihart, AGRANA Beteiligungs AG

Vielen Dank fiir Ihre Aufmerksamkeit!

ZUCKER. STARKE. FRUCHT:

Marz 2011|16

Disclaimer e RA A
o —— &

AN

Diese Présentation dient ausschlieBlich zur Information und darf weder ganz oder teilweise fiir irgendwelche Zwecke
kopiert oder an dritte Personen weitergeleitet oder verdffentlicht werden. Diese Prasentation beinhaltet schriftliche
Unterlagen bzw. Folien fiir eine Prasentation tiber AGRANA Beteiligungs-Aktiengesellschaft (“die Gesellschaft") und ihre
Geschaftstatigkeit.

Diese Prasentation stellt keine Aufforderung oder Angebot zum Kauf, Verkauf oder zur Zeichnung von Aktien in der
Gesellschaft dar. Die darin enthaltenen Informationen dienen nicht als Grundlage fiir einen Vertrag oder eine
Investitionsentscheidung.

Diese Préasentation enthalt zukunftsbezogene Aussagen, d.h. Aussagen, die nicht auf historischen Fakten beruhen,
inklusive Aussagen Uber die Meinungen und Erwartungen der Gesellschaft sowie die Ziele der Gesellschaft fiir die
kiinftige Entwicklung der Geschéftstétigkeit. Diese Aussagen basieren auf aktuellen Planungen, Schatzungen und
Prognosen, und sollten daher von Investoren nicht tiberméaBig bewertet werden. Zukunftsbezogene Aussagen gelten
nur am Tag ihrer Veréffentlichung und die Gesellschaft ist nicht verpflichtet, diese Aussagen in Hinblick auf neuen
Informationen oder kiinftigen Entwicklungen auf den letzten Stand zu bringen und geédnderte Aussagen zu
verdffentlichen.

Obwohl diese Préasentation mit groBter Sorgfalt in Hinblick auf die Richtigkeit der Fakten sowie die Angemessenheit der
Aussagen vorbereitet wurde, wurde diese Présentation durch die Gesellschaft inhaltlich nicht gepriift. Weder die
Gesellschaft noch ihre Direktoren noch dritte Personen ibernehmen die Gewahr, ausdriicklich oder implizit, fir die
Richtigkeit oder Vollstandigkeit der dieser Prasentation zugrunde liegenden Informationen oder Meinungen. Weder die
Gesellschaft noch ihre Mitglieder, Direktoren, Prokuristen oder Arbeitnehmer bzw. dritte Personen tibernehmen
irgendeine Haftung fiir Schaden, die durch die Verwendung dieser Prasentation oder deren Inhalt bzw. in
Zusammenhang damit entstehen.

Marz 201117 1B
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Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG

BDl&2X»

Biokraftstoffe aus industriellen Reststoffen

Edgar AHN
Highlights der Bioenergieforschung,
FH Wieselburg

Our future. Clean energy.

BDI Standort

BDI - BioEnergy International AG

Parkring 18

A-8074 Grambach/Graz
Austria / Europe
www.bdi-bioenergy.com

BDlel»

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

BDI Geschifts Aktivitaten

BDI ist Markt- und Technologiefiihrer fiir den Bau von maRgeschneiderten
schliisselfertigen BioDiesel-Anlagen und auch BioGas-Anlagen.

Consulting

Forschung & Entwicklung
Engineering

Konstruktion
Inbetriebnahme

After Sales Service

BDieX»

Highlights der Bioenergieforschung, Wieselburg 30.03.2011
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Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG

RES-EU Richtlinie: EC/28/2009, Annex V

A. Typical and default values for biofuels if produced with no net carbon emissions from land-use change

Biofuel production pathway Typi(a! gl_'eenhm.xse g Dﬂﬁml[. g{'renhcuse g
£mission saving £mission saving
palm oil biodiesel (process not specified) 36 % 19%
palm oil biodiesel (process with methane capture at oil mill) | 62 % 56 %
waste vegetable or animal (') oil biodiesel 88 % 83%
hydrotreated vegetable oil from rape seed 51 % 47 %
hydrotreated vegetable oil from sunflower 65 % 62%
hydrotreated vegetable oil from palm oil (process not specified) | 40 % 26%
hydrotreated vegetable oil from palm oil {process with meth- | 68 % 65 %
ane capture at oil mill)
BDI - BioEnergy International AG | www.bdi-bioenergy.com 4 B D ' Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Beispiel 1: Altspeiseél (UCO) zu BioDiesel

BDI - BioEnergy International AG | www.bdi-bioenergy.com B D ' Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Altspeisedl zu BioDiesel

1994 ECODRIVE-Projekt mit der Stadtverwaltung Graz /
“OKOORIVE
Sammluna: Produktion: Kucr;den:
5 v" BDI-Anlage mit v Offentliche Busse in
v
Abfallbehaiter von 16.000 ¥a Kapazitat Graz (140 Busse,
Haushalten
v von Restaurants ¥ SEEG —Agrar- 5100
genossenschaft v' Speditionen
v XICE:SnaIgIS?O v Kommunale v' Logistik von
ustria ( Unabhéngigkeit McDonalds Austria

Restaurants) (+ Biogas Anlage &

Holzverbrennungsanlage)

v Offentliche Tankstellen

uco BioDiesel

BDI - BioEnergy International AG | www.bdi-bioenergy.com 6

Highlights der Bioenergieforschung, Wieselburg 30.03.2011
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Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG

Okodrive Graz: Altspeise6l Sammlung

Sammelbehilter
125.000 kleine Eimer (3 — 5 Liter) zur Sammlung in Haushalten,
Verteilung in Graz und umliegenden Gemeinden
Speziell entworfene Container (500 — 1.000 Liter)
fur Restaurants (ca. 250 in Graz)
Direkte Verladung auf Tank-LKW,
im Gegenzug Bestatigung der legalen Entsorgung

Sammelmengen in Graz von Fa. Okoservice
aus Haushalten: ca. 70 t/ Jahr
aus Restaurants: ca. 180 t/ Jahr

McDonalds Osterreich (ca.170 Restaurants): ca. 1.000 t / Jahr
Gesamtmenge Osterreich: 30.000 — 50.000 t / Jahr
Altspeisedl Marktpreis: ca. 820 € / t

BDI - BioEnergy International AG | www.bdi-bioenergy.com 7 B D ' Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Beispiel 2: Tierfett zu BioDiesel

BDI - BioEnergy International AG | www.bdi-bioenergy.com B D ' Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Tierfett zu BioDiesel

Menge Tierfett in Osterreich

rd. 40.000 t/ Jahr (2008)

Verwendung _

~ 60% energetische Verwertung Total: 2,49 Mio. t/a
(Prozesswérme, BioDiesel)

~ 35% Export 9%
~ 5% stoffliche Verwertung

29%

TKV Standorte Osterreich
Tulln (NO)

Regau (00)

Ehrenhausen (Stmk)
Unterfrauenhaid (Bgld)

26%

28%

mEnergy g Feed g Soap & Oleochemical mPetFood g Others

Quelle: European Fat Processors and Renderers Association (EFPRA), 2004/05

BDI - BioEnergy International AG | www.bdi-bioenergy.com 9 B D ' Q
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Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG

Risikomaterial Tierische Fette (Kat.1)

Verordnung (EG) Nr. 92/2005: Freigabe des BDI-Verfahrens
zur Nutzung Kategorie 1 Tierfett fiir BioDiesel Herstellung

BDK BioDiesel Karnten / A Bl®
Line 1: 25,000 toly DlESE.I‘.
whnare?

Argent Energy / UK )
50,000 toly Argent

Energy

DAKA / DK Daka\

50,000 toly

BDI - BioEnergy International AG | www.bdi-bioenergy.com 10 B D ' Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Beispiel 3: Fettabscheiderfette

BDI - BioEnergy International AG | www.bdi-bioenergy.com

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Fettabscheiderfette zu BioDiesel

2010 1ste BioDiesel Anlage weltweit fiir Fettabscheiderfette

TASE

Hongkong

Kapazitat: 100.000 tla

30 mio gally
Type: MF , Generalplanung,
Lieferung inkl. Start-up
Besitzer: ASB BioDiesel

Rohstoff: Fettabscheiderfette,
Altspeiseol, Tierfett,
Palm Fatty Acid
Distillate (PFAD)

Nebenprodukte: Rohglycerin,
Feststoffdiinger

BDI - BioDiesel International AG | www.bdi-biodiesel.com 12 B D ' Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011
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Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG

Fettabscheiderfette zu BioDiesel

2010 BioDiesel Amsterdam, Niederlande " GREENMILLS

BD Amsterdam

Kapazitat: 100.000 t/a
30 mio US gally
, Generalplanung,
Lieferung inkl. Start-up
~ Besitzer: BioDiesel Amsterdam
~ Rohstoff: Altspeisedl, Tierfett,
' Palm Fatty Acid
Distillate (PFAD)
Nebenprodukte: Glycerin (80%),
Feststoffdiinger

= Type: MF

BDI - BioEnergy International AG | www.bdi-bioenergy.com

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Biogas aus Industrieabfall

BDI - BioEnergy International AG | www.bdi-bioenergy.com

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

®enbasys: ENBAFERM patentierte Neue Generation ‘enbasys/

Hochst entwickelte wirtschaftliche Lésung

Komplexe organische Reststoffe -Multi Feedstock

* Lebensmittelabfélle, Industrieabfélle
« Biomull
» Reststoffe der Biotreibstoffproduktion
» ...aber auch, wenn verfugbar
» LW-Reststoffe und Produkte (Silage)

BDI - BioEnergy International AG | www.bdi-bioenergy.com 15 B D ' Q
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Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG

Industrie Abfalle ‘enbasys

BDI - BioEnergy International AG | www.bdi-bioenergy.com

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Abfille zu BioGas ‘enbasys/

Kommunaler und gewerblicher Biomiill — gr6Bte Anlage in Europa (ltalien)

Technical details:

Rohstoff: organic  fraction of municipal solid waste (OFMSW),
Abfalle der Lebensmittelindustrie,
Schlachthausabfélle, Schlempen, Nebenprodukte
der Biotreibstoffproduktion

Kapazitat: 105.000 ton/a

Fermenter-
System: 2 x 2900m3, Beladungsrate 10 — 13 kg COD/m3

Ertrag: Biogas: 1.450 Nmd/h (59% CH,)
Elektrizitat: 3,4 MW, (27 GWhly)
Gereinigtes Wasser:  43.827 m3/y
Feststoffdunger : 47173 mdly
!DI—BioEnlmyln;m.linnllAG | www.bdi-bioenergy.com 17 B D |‘ Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

BDI‘s integriertes Abfall-zu-BioTreibstoff Konzept

Feedstock / Input Waste to BioFuels Product / Output

Rendering Industry Multi-Feedstock BioDiesel Plant
Animal fat  ee——
High Protein Fraction Pasty Liquid e—

DAF Dissolved Al Flotation Siudge me— Fat Proparation YT T BioDiesel EN 14214
Blood, Intestines

Food Industry

BioDiesel Production

Distillation |__ (residues and waste water)

Uzed Cocking Oil
Food Waste

Multi-Feedstock BioGas Plant

BioFuel Industry

DGS Distillors Orain whth Sohibles Substrate Management

Crisde Glycarin
BioGas Production
Brewing |
rewing Industry BioGas Purification
Spent Grains
Surplus Vesst
Agricultural Industry Digestate Treatment
Chighan Lister
Manure
Biological Waste Water Treatment Pure Water
Waste Management Membrane-based Process
Organie Fraction MSW Ammonia Recovery
Cataring Waste
BDI - BioEnergy International AG | www.bdi-bioenergy.com 18 BD |‘ Q

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

1

E

FORSCHUNGS
KOOPERATION

30 Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



E

FORSCHUNGS
KOOPERATION

Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG

BDI‘s integriertes Abfall-zu-BioTreibstoff Konzept

BioDiesel
A Production

» - Distillation

i

Fat
Praparation

& A

Substrate BioGas
Managemant Purification

Digestate
Traatmant

BDI - BioEnergy International AG | www.bdi-bioenergy.com

Highlights der Bioenergieforschung, Wieselburg 30.03.2011

Our future. Clean energy.
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Biokraftstoffe aus industriellen Reststoffen
Edgar Ahn, BDI — BioEnergy Intemational AG
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Anaritz

ANDRITL

Fiber and Chemical Division
Globaler Geschéftsbereich Biotreibstoffe

Biotreibstoff-Ausriistungen — erprobtes Equipment aus der Zellstoff & Faserplattenindustrie
wird mit geringfigigen Anpassungen fur die 2. Generation von Biotreibstoffen und

Biochemikalien verwendet => einfacher Scale-Up

ANDRITZ Globale Prasenz:

Uber 13,000 Beschaftigte - weltweit 120 Service & Produktionsstétten

“~ Helsinki

= Maschinen & Anlagen fir die = Maschinen & Anlagen fiir die . i & Anlagen

e 3 o 5 _Hemer / a5 -
o e R | ..i *. Vienna =
G = - ¥ "_Graz (Headquarters)
P FpaSoMuney e
. A’ (e s g g
. ._..#/Roswell At ] ;: )
-. . A oshan
= 5 " i
" | _
E .
. 8 -
2 BioFuel Presentation — March 2011 - German Pulp & Paper
The ANDRITZ GRUPPE
Weltweit fiihrender Lieferant in vielen Geschéftsbereichen
ANDRITL ANDRITL ANDRITL ANDRITL
Pulp & Paper | Environment & Process Feed s Biofuel Hydro Metals

= Systeme fiir die Produktion
und Verarbeitung von

Produktion von Holz-und mechanische & thermische fiir Pellets fur den Ausristungen fur
Zellstoff sowie einiger Aufbereitung und Separierung Energie- und
Papiersorten. diverser Schiamme — und Futtermittelmarkt und Pumpen

= Maschinen & Anlagen fiir bio-
chemische & thermo-
chemische Bioenergie,
Biokraftstoffe & Biochemikalien

Flissigkeiten far Industrie — und
Kommunalanwendungen

und Edelstahlsbandern

BioFuel Presentation — March 2011 - German

Pulp & Paper
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Andritz

Fokus auf Erneuerbare Energietrager

Laugenriickg
von Biomasse

| erzeugen Energie

Waérmer (] ur

® Vergasungsanlagen Pulpa 'Im
= Biomassekessel/boiler
" P Vorbehand| fur bi
Biotreibstoffe
® Wasserturbinen & Generatoren Hydro

Uber 50% des
ANDRITZ Umsatzes
kommen von

wird Erneuerbaren

Verarbei von a in
Granulat, dass als Ersatz von
fossilen Treibstoffen verwendet

Revironmant & Process

Energie-
Technologien

Anlagen zur Erzeugung von Holz und
Biomasse pellets

Iy

Pulp & Paper

BioFuel Presentation — March 2011 - German

ANDRITZ Technologien

um Biomasse in Warme / Elektrizitat und Biotreibstoffe zu verwandeln  yanet

expectations
Biomass Biomass boiler Heat/electric I
preparation power
Pelletizing Households Heating I
warm water
Integrated o Heat/electric I
combint power
. Synthet
Gasification gay;' eie -
Bio-Diesel of
Fischer-Tropsch Biofuel
Solid Thermo- -
biomass === Chemical
conversion
[__J
[__J
Bio-chemical
conversion -
Pretreatment fermentation Bio-Ethanol Z Biofuel I
of cellulosic Biomass generation
[__J
I Process offered by ANDRITZ
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Warum erneuerbare Biotreibstoffe ?

= Die USA importiert taglich 8-9 Millionen barrels Ol (bei US$ 100/barrel = 800 Millionen).
90% davon wird fiir ,,Transport-Treibstoffe* verwendet (Benzin, Diesel, Jet-fuel / Flug-
kerosin) — nur 2% des Erdéls werden in den USA gefordert, aber ~ 25% des weltweiten
Erdols verbraucht.

Lt. USDA (US Ministerium fiir Ackerbau) kénnten theoretisch > 50% durch
Biotreibstoffe ersetzt werden (1t Gen., 2"d Gen. & Advanced Biofuels), ohne die
Nahrungsmittelkosten zu beeintrachtigen.

In den USA wird Elektrische Energie zu ~52% durch Kohle, ~20% Nuklear, ~19% durch
Erdgas — und nur 8.5% werden durch erneuerbare Ernergietrager (Wasserkraft, Solar,
Wind, etc.) erzeugt. Elektrisch betriebene Fahrzeuge sind auch mittelfristig in den USA
keine Ideallédsung. (Ralph J. Cicerone, President of the National Acad of Sci )

Das Elektrische Netz in Teilen der USA (z.B. im bevdlkerungsreichsten Staat =
Kalifornien) ist zur Zeit am Kapazitdtsmaximum, der erforderliche Ausbau findet statt
— aber langsam. (dies trifft z.B auch fiir das UK zu)

Pulp & Paper

BioFuel Presentation — March 2011 - German
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Anaritz

Anlagen fiir verschiedene Biomasse Varianten

= Holzartige & Stauden
= Hackschnitzel von Hart-und Weichholzabféllen (Birke, Pappel, Eucalyptus,
= Speziell entwickelte Hochertagshélzer (Hybrid-Pappeln, Staudenweiden,...)
-

= Getreideabfélle
= Corn stover/ Maistroh & Maisspindeln
= Weizen & Roggen Stroh

= Zuckerpflanzenabfille
= Zuckerrohr & energy cane Bagasse
= Zucker/Siiss-sorghum-reste

= Graser |
= Switch grass (panicum virgatum) & andere Prériegraser
= Alfalfa

= Jose tall wheat grass, bermuda grass (cynodon dactylon), bahia grass (paspalum notatum), napier
grass (pennisetum purpureum)
= Miscanthus, arundo donax (giant reed) & andere Hochausbeutegréaser

7 BioFuel Presentation — March 2011 - German FH.E [ PIDHI

Feed-Stock Handling

» Stoker Silo (Zugboden) = Stapeln & Schichten (Stacking & Blending)

8 BioFuel Presentation — March 2011 - German Pu Ip & Paper

Einspeisevorrichtungen in Druckreaktoren & Vergasungskessein
Stopfschnecken, MSD’s & Drehventile

" Drehventile / Zellradschleusen

= Stopfschnecke die mit einer Kapazitét von tiber
1500 tato (atro) Holzhackschnitzel in Betrieb ist

= MSD Impressafiner, eine Hochkompressionsschnecke, die zur
Beschickung verschiedenster Druckreaktoren verwendet wird

BioFuel Presentation — March 2011 - German Pu lp & Paper
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Andritz

Vertikale und Horizontale Reaktoren & Austragsvorrichtungen

Pulp & Paper

BioFuel Presentation — March 2011 - German

Schnecken-, Band-, Kammerfilter- pressen und Zentrifugen
fiir Wasch- und Entwasserungsanwendungen, sowie Eindickung von Restschlammen von
Bioreaktoren

Residual Out

" BioFuel Presentation — March 2011 - German Pl.llp & Paper

Biomasse Trockner

Wirbelschicht-Trockner
Drying and Granulation

Pneumatische Trommel-Trockner Band-Trockner

Trockner Single or Triple Pass fiir Niedertemperatur
™A . & Abwiarme
with integrated mill v dried distiller's
and sifter v All types of v All types of grains
biomass and wood- biomass and wood- .
v Bi iln firi v'spent grain from
Biofuel for kiln firing waste - pentg

bio-ethanol

Pulp & Paper

BioFuel Presentation — March 2011 - German
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Anaritz

Biomassekessel / boiler & Vergasungs Anlagen

Wirbelschicht Druckvergasungsanlagen
®  zur direkten Stromerzeugung (Gasmotoren-Generatoren), Fernwarme
° Dampfkessel, Kilns, Gasturbinen

° BTL & Fliissigtreibstoffe via katalytischer Umwandlung, Erdgasersatz, etc.

BioMasse Dampfkessel als Ersatz fiir Ol-und Gaskesselanlagen
M in Papierfabriken (Ence Navia & Huelva, Portucel Cacia & Setubal, etc.)
° CHP / kombinierte Warme & Stromerzeugung (Estonia, etc.)

Skive Gasification
Plant, Denmark

L e B
gAndritz GTI'New Pilot Plant,
Lime Kiln Gasifier -

Chicago

13

BioFuel Presentation — March 2011 - German P Hll:l [ PIDH T

Holz — und Biomasse Pelletieranlagen

= Weich- und Hartholz (Global > 440 Holzpelletieranlagen.)

= Stroh — und andere Agrarabfille.

14 BioFuel Presentation — March 2011 - German Pu Ip & Paper

ANDRITL

Pilot & Demonstrations Anlagen

Fiir 2nd Generation
Pre-Treatment Systems
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Andritz

Pilot, Demonstrations — und Grossanlagen

= Seit 25 Jahren wurden ca. 100 kleinere Pilot- und Demonstrationsanlagen fiir die
Zellstoff- und Faserplattenindustrie zur Verarbeitung von Holz und Nebenprodukten
aus der Landwirtschaft und der Nahrungs- und Futtermittelindustrie wie Bagasse
u.a. geliefert.

= Viele dieser Einrichtungen sind in Forschungseinrichtungen der Industrie in Betrieb
und werden teilweise als F&E Plattform zur Aufbereitung von Biomasse wie z.B.
Miscanthus, Switch Grass, Maisspindeln, Corn Stover (Maisstroh) und Abféllen der
Holzindustrie und der Landwirtschaft fiir die Erzeugung von Ethanol und
Biochemikalien verwendet. Die Systeme werden zumeist vormontiert in Containern
geliefert.

= Andritz hat umfangreiche Erfahrungen mit korrosionsbesténdigen Materialien und
fertigt Einrichtungen aus Materialien wie Duplex 2205, Hastelloy oder Zirkonium.
Herkdmmliche Zellstoffkocher kénnen fiir die Vorbehandlung lignozelluloser
Biomasse mit verdiinnten Sauren und Enzymen verwendet werden.

BioFuel Presentation — March 2011 - German Pulp & Paper

Pilot & Demo Systems

BioFuel Presentation — March 2011 - German PI.I'D aPa per

ANDRITZ’ Erfahrung in 2"d Gen Biotreibstoffen

Das ,,Pulp&Paper“-Technologiezentrum von Andritz (in Glens Falls, NY) wurde zur
Untersuchung von Vorbehandlungsmethoden wie SteamExplosion, fortgeschrittene
SteamExplosion und Saurehydrolyse um ein Bio-Laboratorium und Reaktoren aus
sdurebesténdigen Materialien erweitert. Es konnen im eigenen Haus auch Garungs-
und Hydrolyseversuche durchgefiihrt werden.

Teilbereiche, vor allem die Fest-Fliissigstoff Separierung & Entwasserungs
Charakteristika werden im Andritz Forschungszentrum in Graz analysiert und
entsprechende Versuche durchgefiihrt.

Forschung & Entwicklung wird in den hauseigenen Versuchsanlagen sowie in
Zusammenarbeit mit Kunden und Fremdfirmen durchgefiihrt.

BioFuel Presentation — March 2011 - German Pl.llp aPa per
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Anaritz

Glens Falls Pretreatment System (“Dampfexplosions-Kanone”)

BioMass — BioChem. PreTreatment

= 27.5 bar/400 PSI
= 8" diax 6’ tall
= Kompl. in Hastalloy

= BlowTank Austrag

I i
= Pretreatment system (Auto- and Acid Hydrolysis) and Steam Explosion
19

BioFuel Presentation — March 2011 - German Pulp & Papur

Glens Falls Laboratory Capabilities
Biofuel Laboratory - Enzymatic Hydrolysis / Biofuel Analysis

Orbital & Rotary Incubators / Rotationsinkubatoren Vergarungs- / Bioreaktoren

= Verzuckerung/Saccharification & Vergédrung

= Zuckeranalysen

= Enzym-Behandlung / Enzymatic Hydrolysis

= Propagierung von div. Pilzen / fungi und Hefen
= Alkohol & Ethanol Analysen

20
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Equipment zur Produktion von Biokraftstoffen
Thomas Pschom, Andritz
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

OMYV Refining & Marketing

Biokraftstoffe und

Raffinerieprozesse

Wieselburg, 30. Marz 2011

Dr. Walter Béhme, OMV AG
Dr. Alexander Buchsbaum, OMV R&M

ouv
Mehr bewegen. OMV

Biokraftstoffe und Raffinerieprozesse

> IAIIgemein verwendete Biokraftstoffe ‘
» FAME
» Ethanol und ETBE
» | Spezialprodukte |
» Hydriertes Pflanzendl (HVO)
» |In Entwicklung |
» Bestehende Anlagen:
- Hydrieren von Pflanzendlen, Fetten, FAME als Coprocessing

- Katalytisches Kracken von Pflanzendlen, Fetten, FAME
(Alexander Mittelmayer OMV, Alexander Reichhold TU Wien)
» Neue Anlagen:

- Wasserstoff aus Biomasse
(J. Lichtscheidl OMV, R. Rauch TU Wien)

- Thermisches Cracken von Biomasse, Kunststoffen

ouv
2 |OMV AG; W. Béhme; 30. Marz 2011 O M V

Allgemein verwendete Biokraftstoffe

» Diesel: Biokomponente = FAME
» Benzin: Biokomponente = Ethanol und/oder ETBE

» CEN Standard
» fur FAME: EN 14214
» fur DK mit 7%Vol. FAME: EN 590
10% FAME in DK derzeit in Arbeit
30% FAME in DK derzeit in Arbeit
» flr 5%Vol. Ethanol und ETBE in Ottokraftstoff: EN 228
10% Ethanol in Ottokraftstoff in Arbeit (CEN EN 228)

» Gesamturteil:
» Eingeflihrte Technologie und Produkte

» Erhéhung des Anteils stol3en auf sowohl bei Benzin als auch bei
Diesel auf Probleme und Widerstand seitens Automobilhersteller

ouv
E FORSCHUNGS 3|0OMV AG; W. Bohme; 30. Marz 2011 OMV
KOOPERATION
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

42

ETBE Herstellung

ETBE als Komponente in Ottokraftstoff:
» Herstellung in der Raffinerie aus Buten und Ethanol
» Sehr ahnlich dem MTBE Verfahren (Buten und Methanol)

» 10%vV/v Ethanol kann erfillt werden mit
» 10%vV/v Ethanol Direktblending
» mit 5%v/v Ethanol und 11%v/v ETBE
» oder 22%v/v ETBE

» Materialvertréglichkeit der ETBE Mischungen besser als bei 10%v/v
Ethanol Direktblending

» Bestandssorte: max. 5%v/v Ethanol, max. 2,7%m/m Sauerstoff

VA4
4|0MV AG; W. Bohme; 30. Marz 2011 OMV

ETBE im Vergleich zu MTBE

ETBE MTBE » ETBE Benefits
¢ ¢ » Geringere Fliichtigkeit
Lon i A o e » Geringere Loslichkeit in
M ' Wasser
Siedepunkt [C] 74 55 » Hoéhere
Dichte [g/ml] 0,75 0,74 Produktionskapazitat:
RON 118 118 15,9 % mehr
MON 102 101 Massenprodukt
RVP [psi] 2 8 > Nebenreaktion.en (hdéherer
Wassergehalt in EtOH):
Losliches H20 0,5 1,5 Bildung von TBA
in Ether [M%] (Tertigrbutylalkohol).
ouv
5 |OMV AG; W. Béhme; 30. Marz 2011 O MV

FAME und Ethanol als Komponenten im Kraftstoff

» FAME und Alkohole dndern die chemischen Eigenschaften der
Kraftstoffe

» Materialvertraglichkeit

» Wassertoleranz (Ethanol in Ottokraftstoff)

» Biologisch angreifbar

» Dusentreibstoff muss FAME frei sein (Pipeline!).
» Sauerstoffgehalt reduziert den Heizwert

RED Wert | Einheit| Wert |Einheit
Diesel 43| MJ/kg 36| M
Biodiesel 37| MJ/kg 33[ M/
Pflanzenol 37| MJ/kg 34| Mun
HVO 44 MJ/kg 34[ My
Benzin 43] MJ/kg 32 mJn
ETBE 36| MJ/kg 27| MJ/I
MTBE 35| MJ/kg 26] MJ/I oWV
6[OMV AG; W. Bhme; 30. Marz 2011 Ethanol 27| MJ/kg 211 MJ/I oMV
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

Synthetische Biokraftstoffe

» Biomasse: Pflanzendle , Tierfett, gebrauchte Ole (UFO)

» Maoglichkeiten der Erddliraffinerie

» Katalytisches Kracken um die groRRen Fettmolekule zu zerkleinern
» Hydrieren um die Esterbindung zu spalten

» Die Endprodukte haben dann die Eigenschaften wie die fossilen
Kraftstoffe

» Kein Unterschied bei der Materialvertraglichkeit
» Stabil bei Lagerung, Verwendung

VA4
7 |OMV AG; W. Béhme; 30. Marz 2011 O M V

Hydrotreating of Vegetable Oils or FAME

CHj3(CH,);,C0O0 CH, catalyst
\ +H,
CHy(CH,)1sCO0 C‘H — » nCygt nCy; + C;H, + H0+ CO,+CO

CHy(CH,);sCOO CH,

l CH30H, catalyst

catalyst
+H2
CH3(CH,)16C0O0 CH3 ——— nCyg+ nCy; + CH4 + H20+ CO2+CO
+ Glycerol
Reaction products, but not
stoichiometrically correct!
ouv
8|OMV AG; W. Béhme; 30. Marz 2011 o M V

Hydrieren von Pflanzenélen oder FAME
» Hydrierverfahren von Neste Oil und UOP

» Warum Coprocessing:

» Hydrierverfahren der Raffinerie (HDS) sind dafuir grundsatzlich
geeignet.

» Maogliche freie Kapazitdten in HDS Anlagen

» Warum FAME Coprocessing?
In Pflanzendlen sind bis zu 5% freie Fettsduren (FFA)
» Korrosion der Hydrieranlagen (C-Stahl) durch FFA.

» Reinigungsschritte bendtigen zusatzlich neue Anlagen. FAME hat
diese Reinigung schon hinter sich.

» Es gibt kostengtinstige FAME Mengen am Markt (schlechtes
Kalteverhalten, borderline)

ouv
E FORSCHUNGS 9 |OMV AG; W. B6hme; 30. Méarz 2011 OMV
KOOPERATION

30. und 31. Mérz 2011 — Fachhochschule Wieselburg | Zeiselgraben 4 | 3250 Wieselburg 43



Biokraftstoffe und Raffinerieprozesse

Walter Béhme, OMV AG

Coprocessing of Vegetable Oil vs. Gasoil(100%)

Gasoil (100%) | Gasoil + 25% Vegetable-oil (or
FAME)
Corrosivity 0 it depends
Heat of reaction marginal | high
Operation window for not identical
reaction
Consumption of Hydrogen 0,6%M 4%M
Production of H20 0 stoichiometric volume
CO 0 high (for typical HDS catalyst)
CO2 0 high (influences amine treating of
off-gas)
Propane (or Methane) low stoichiometric volume (dilutes
recycle gas)
10 |[OMV AG; W. B6hme; 30. Marz 2011 O M V
HVO by Coprocessing of FAME
Main targets of OMV test RME FAME made
program: frqm usgd
frying oil and
» Hydrogen consumption ammall fat
; (UFO¥)
» Material balance Gah T T25% RME
» Quality of ight Gasoi 5% .
hydrogenated 75% Gasoil
products,
gfsr;emlally d?te?table Kerosen 25% RME 25% UFO*
Iofuels conten 75% Kerosen | 75% Kerosen

11 |OMV AG; W. Bohme; 30. Marz 2011

oWV

oMV

Hydrieren von Pflanzenélen - Coprocessing

Pilot Plant Test parameters:

Standard catalysts and standard conditions
like in commercial OMV plants

Hydrotreating
WABT T Appr. 350
PPH; inet  bar Appr. 50
LHSV h-! 1
H2/oil ;¢ Nm¥m? 200

12 |OMV AG; W. B6hme; 30. Marz 2011
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

Data of Feed
RME UFO* | Gasoil | Kerosen
Density 15C glcm? 0,8833 0,8743 0,8479 0,7928
Sulfur mg/kg <2 7 1512 457
Nitrogen mg/kg 2 2 136 <0,6
Water mg/kg 200 266
Cloudpoint T -3 13 -8 <-48
Pourpoint T -9 15
lodine value g/100g 114 48
FAME content %M 99,0 89,5
ouv
13 |OMV AG; W. Bohme; 30. Marz 2011 OMV

Co-Processing FAME zu PTU

Recovery of products [%wt]

Gasoil/RME Gasoil Kerosen/RME Kerosen/UFO* Kerosen
3l B3| 3|
C1 1,5 0,1 1,7 1,6 0,2
c2 0,1 0,1 0,1 0,1 0,0
c3 0,2 0,2 0,6 0,4 0,3
ic4 0,3 0,3 24 1,6 0,8
nC4 0,3 0,2 0,7 0,5 0,3
iC5 0,7 0,6 2,9 2,0 1,1
nC5 0,2 0,1 0,3 0,2 0,1
C6-SB Raffinat 22,6 30,6 26,8 19,5 18,0
Raffinat 71,8 68,0 61,7 72,0 79,9
H20 25 0,0 2,4 25 0,1
co 0,0 0,1
Co2 04 0,5
ouv
14 |OMV AG; W. Bohme; 30. Méarz 2011 OMV

Co-processing of FAME

Hydrogen consumption

LGO/RME LGO Kerosen/RME |Kerosen/UFO* Kerosen
31 31 31
g H2/kg feed 18 12 18 16 9

»Based on this data: Hydrogen consumption for FAME (100%) is about
36 to 45 gH2/1000 g feed

»-All recovered products free of FAME
ouv
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

46

Detection of Biogenic Parts of Products

» Detection by Liquid Scintillation Counter
» Analysis performed by the Laboratory of Austrian Tax Authorities

» Living organisms take carbon atoms in their body by food or
photosynthesis. There are stable isotopes 2C and '3C and the
radioactive '“C.

» 1C in biocomponents show radioactive decomposition. These
decompositions per minute are detected by Liquid Scintillation
Counter.

ouv
16 |OMV AG; W. B6hme; 30. Marz 2011 O M V
Biogenic Parts of Products
[%M] feed
Gasoil 75
RME 25
Products %M Bio-component | Products of FAME found
Methane 1,5 100 1,5
C2-C4 0,9 0 0,0
C5-250C 23,5 6* 1,4
Raffinat (250-345T) | 71,8 28* 20,1
Water 2,5 100 2,5
CO2 0,4 100 0,4
Total 100,6 25,9
(Wasserstoff nicht bilanziert) : by (MC AnaIySis)
ouv
17 |OMV AG; W. B6hme; 30. Marz 2011 O M V
Facts for Economics Calculation
Hydrogenation (Coprocessing) of vegetable oil
» Vegetable oil or FAME gives a high quality component for
automotive diesel if hydrotreated (Cetane number)
» Products are accepted as biofuels
» 100% FAME as feed gives only 80% liquid product,
rest is CO2, H20, methane or propane
» Hydrogen consumption between 36 and 45 g/1000g feed
ouv
18 |OMV AG; W. Bohme; 30. Méarz 2011 O M V
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

FCC processing of Vegetable oils or FAME

» Processing options for liquid biomass in a mineral oil refinery

»Why FCC?
>
>
>
>
ouv
19 |OMV AG; W. Bohme; 30. Marz 2011 O M V

Processing Options in a Conventional Refinery

Ethanol Gasoline

FAME

H2 =

Co-Processing

I Diesel

Bio-0il P HT Is0
HE —t

® OO
Bl

e Pre FCC
ouv
20 |OMV AG; W. Bohme; 30. Marz 2011 o MV
Why FCC (Fluid Catalytic Cracking)? (1/2)
FCC co-processing HT co-processing

Lower SO, and NO,-

> 0,
Emissions 3 wt% Hydrogen

consumption
(based on feed rate)

no Hydrogen
consumption Additional CO,-
generation at

H |
Pretreatment maybe ydrogen plant

not necessary
ouv
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

Why FCC (Fluid Catalytic Cracking)? (2/2)

Products

» Bio FCC products are fully blend-able
(pure hydrocarbons)

» The Bio-FCC produces bio-monomers and bio-fuels
suitable for conventional engines

» No restrictions in blending rates

ouv
22 |OMV AG; W. Béhme; 30. Marz 2011 O M V

Is it economic?

» Bio-Oil co-processing reduces conversion compared to
conventional feedstock

» Propylene v

» Butanes ¥

» Light Cycle Oil and Slurry 1
» CO, CO,, Water 1

Co-processing would have to be accepted by
EU-legislation as contribution to the bio-fuel
contingent and/or to be granted tax concessions

ouv
23 |OMV AG; W. Bohme; 30. Méarz 2011 o M V

FCC Pilot Unit

Produktgas Forschungsprojekt

OMYV & Technical University of Vienna
(Alexander Reichhold)

Very compact
Abgas Int | ci lati
, nternal circulation
Good correlation to FCCU
at Schwechat refinery

siphonfluidisierung Technical Data:
Regeneratorfiuidisierung 1 0tal height 2500 mm
Bodenfluidisierung Diameter regen 200 mm

Heigth of riser 1977 mm
Catalyst 9 kg
Feed rate 2-5 kg/h
Ele&drsléagﬂmdlsmrung
1 Reaktor o“v

2 Regenerator

oMV

48
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

Rapeseed Oil — 0% to 100% Blends

5 o0 ‘ - i : N " Gasoline
S 70
315 LCOGfSSIur
& 104 8 : : 6,4 6,0 : v
_ ; Coke
gf x> EP ° Water

0% 20% 40% 60% 80% 100%

Bio-Oil in Feed oWV
25 |OMV AG; W. Bohme; 30. Marz 2011 o M V

Bio FCC Pilot Plant Tests — Conclusions  (1/2)

» Slightly modified product yields
» Decrease in conversion is mainly caused by the
Oxygen content of the feed
» Obtained light hydrocarbons still contain a high
percentage of Ethylene and Propylene

» High Octane Gasoline fraction

No significant influence on routine operation of

the Fluid Catalytic Cracking-plant

ouv
26 |OMV AG; W. Bohme; 30. Marz 2011 o MV

Bio FCC Pilot Plant Tests — Conclusions  (2/2)

» Vegetable oils are practically free of chemical bound

Nitrogen and Sulphur - NO,-, SO,-Emissions decrease

The FCC process has the potential to produce
‘ bio-polymers and bio-fuels suitable for

conventional engines

ouv
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Biokraftstoffe und Raffinerieprozesse
Walter Bohme, OMV AG

Wasserstoff aus Biomasse

» 2 Bilder kommen von Sepp Lichtscheidl
Projekt in Ausarbeitung (in Kontakt mit R. Rauch TU und Wérgetter)

Grundaussagen:
» Raffinerie braucht Wasserstoff

» Fruher war die Herstellung von Ottokraftstoff eine ausreichende Quelle
(Platforming-prozess). Heute muss Wasserstoff aus Erdgas hergestellt
werden (= CO2 Emission!)

» Synthesegas aus Biomasse ist moglich
» Wasserstoff aus Synthesegas ist durch optimiertem Shift maximierbar.

» (Reinigung des Synthesegas fir Fischer-Tropsch ist hdchst aufwendig
und teuer)

ouv

28 |OMV AG; W. Béhme; 30. Marz 2011 O M V

Vergasung von Biomasse

50 MW

=P H2 (ca. 900 kg/h)

Biomasse
(Hackschnitzel)

»

12 t/h trocken —) \Wirme 5 MW

Option
Ca. 15 % Energie wird
zur Spaltung bendtigt
ouv
29 |OMV AG; W. Bohme; 30. Méarz 2011 o M V
Zeitplan
» FFG Projekt: Engineering der Anlage bis 3. Qu. 2011
» Einreichung in NER 300 Call der EU jetzt
» Entscheidung EU Ende 2011
» Genehmigungen (Behérde, OMV) bis Ende 2012
» Bauphase 2013 - 2015
» Inbetriebnahme ware mdglich Mitte 2015
Hafen Wien
Vorgesehene Bauflache
ouv
30 |OMV AG; W. B6hme; 30. Marz 2011 o M V
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Erneuerbare Energie im Individualverkehr der Zukunft
Max Lang, OAMTC

Elektromobilitat

Erneuerbare Energie im
Individualverkehr der Zukunft

Dr. Max Lang - OAMTC Technik

30.03.2011 | Dr. Max Lang | Leiter Fahrzeugtechnik

Der Charme des Elektrofahrzeugs

e Keine unmittelbaren
gasformigen
Emissionen.

e Fast wartungsfreier,
unkomplizierter Antrieb

e Sehr gute
Energieausnutzung des
Elektromotors

e Sehr groBer nutzbarer
Drehzahlbereich (kein
Schaltgetriebe
erforderlich)

e Leise.

Seite 2 | 18.09.2010 | FAHRZEUGTECHNIK

Elektroauto: Klimaschutz (CO,) und
Nullemission?

Die Emissionen des Elektroautos werden ins Kraftwerk
verlagert.

— Elektrofahrzeuge sind bei heutigen Kraftwerksmix nicht grundsétzlich
effizienter und verringern nicht generell den CO,-AusstoR
bei 20 kWh/100 km:in Osterreich ca. 44 g/km
in Frankreich ca. 12 g/km
in Deutschland ca. 120 g/km
in China ca. 200 g/km

— Zur Reduzierung der CO,-Emissionen ist der Einsatz zusatzlicher
regenerativer Quellen zur Stromerzeugung erforderlich. Fur Elektroautos
sollten also auch neue Energieerzeuger zugebaut werden.

Seite 3 | 18.09.2010 | FAHRZEUGTECHNIK
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Kohlendioxid Punkte

Verbraucherschutzstandards fiir E-Fahrzeuge bei
Sicherheit, Umwelt, Kosten

Beispiel: EcoTest Berechnungen fur einen Smart

50

40 |
30 A
Euro5/6,
20 A
Euro4
Euro3

104 Euro2

®Benziner

# Diesel
0 T T T T T

0 10 20 30 40 50
Schadstoff Punkte

Giiltigkeit Grenzwerte
Euro2: ab 1996
Euro3: ab 2000
Euro4: ab 2005
Euro5: ab 2009
Euro6: ab 2014

Seite 4 | 18.09.2010 | FAHRZEUGTECHNIK

Was erwartet der Autofahrer vom
Elektrofahrzeug?

DA

Entwicklung der Grenzwerte iiber die Zeit

* Die Umwelthilanz des
Elektroantriebes féllt und steht
mit dem Kraftwerks-Mix und
dem Fahrzeugverbrauch.

¢ Der Fahrverbrauch hingt
von unterschiedlichen
Verlusten und von der
Betriebsart ab:

— Betrieb, Standzeiten,

Nebenaggregate
— Ladeverhalten

— Kurzstrecke, Fernstrecke,
Tagesfahrleistung

* Ein verbrauchsarmes Elektro-
Fahrzeug fiihrt zu verbesserter
Gesamt-Umweltbilanz.

Beispiel

v

A ’
j()i Strommix D
Y

A
<Z:Z> Steinkohle

: EcoTest des Smart

Umfrage: Kaufbereitschaft Elektroautos

Uberall ist derzeit vom Elektroauto zu héren und zu lesen. Kein
Hersteller, der sich nicht mit Ankiindigungen iiberschlégt. Aber es
stellen sich noch viele Fragen:

Wie sehen die Verbraucher, als Autofahrer dieses Thema?
Ist der Elektromotor fiir den Kunden der Antrieb der Zukunft?

Welche Wiinsche und Erwartungen hat der Kunde an ein Elektrofahrzeug?

Die Befragung richtete sich gezielt an Teilnehmer, die am Auto
interessiert sind und neuen Antriebsformen gegeniiber nicht

abgeneigt sind.

Erdgas

Windkraft on-shore

Die Teilnehmer der Befragung (iibe r 90% mannlich, um 40-50 Jahre,
hohes Bildungsniveau) sind am Auto und neuen Antriebsformen

interessiert.

Sie passen sehr gut in die Zielgruppe fiir Elektromobilitét!

Befragungszeitraum: Ende Mai bis Mitte September 2009
Teilnehmer:4.146 verwertbare Antworten

Seite 5 | 18.09.2010 | FAHRZEUGTECHNIK

Was erwartet der Autofahrer vom
Elektrofahrzeug?

Vorraussetzungen fiir Elektromobliitit

— 90% der Neuwagenkaufer stehen dem Elektroantrieb positiv gegentber.

— 80% und dartiber haben einen privaten Stellplatz fiir ihren Pkw.

— 70% der Befragten besitzen einen Stromanschluss nahe dem privaten Stellplatz.

— 60% konnen am Arbeitsplatz Parkplatze des Unternehmens nutzen —i.d.R. ohne Steckdose.

— 60% der Befragten fahren nicht mehr als 30 km zur Arbeit.

Nur: Die Erwartungen und das Angebot

nicht

— 40% der Befragten wiirden fir ein Elektroauto nicht mehr Geld ausgeben wollen, als fiir ein
vergleichbares Fahrzeug mit herkémmlichen Antrieb.

— Die tiberwiegende Mehrheit ist nicht zu Kompromissen bereit, wenn es um Reichweite,

Hoéchstgeschwindigkeit, Ladezeit und Raumangebot geht.

— Die Bereitschaft fiir neue Mobilitdtsformen in Kombination mit dem Elektrofahrzeug
(Mietwagen, Bahnfahrten) sind mit unter 30% gering. Ein &hnlicher Prozentsatz wirde ggf. fur
lange Strecken auf Bahn oder Mietwagen umsteigen.

Seite 6 | 18.09.2010 | FAHRZEUGTECHNIK
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Erneuerbare Energie im Individualverkehr der Zukunft
Max Lang, OAMTC

Was erwartet der Autofahrer vom
Elektrofahrzeug?

Die Menschen iiberschétzen die Technologie!

* Reichweite mit einer Batterieladung:
Nur rund 10% wiirden sich mit einer Strecke bis 100 km zufrieden
geben. Jeder Fiinfte will immerhin schon 200 km weit kommen. Die
meisten (31,6%) erwarten 500 km Fahrt ohne ldstige Ladepause.

* Hochstgeschwindigkeit:
69% wiinschen sich eine Hochstgeschwindigkeit von min.
120 bzw. 150 km/h. Mit Tempo 100 wiirde sich nur jeder Zehnte
zufrieden geben und nur 3% halten Tempo 80 fiir ausreichend.

e Ladedauer der Batterie:
Mehr als ein Drittel der Befragten wiirden nur eine ,,Tankzeit” von bis
zu 2 Stunden akzeptieren.
Dabei mochten 56% der potenziellen Elektromobilfahrer, dass die
wZapfsaule® nicht weiter als einen Kilometer, also fuBldufig, von zu
Hause entfernt ist.

¢ Raumangebot:
Rund die Hilfte der Befragten mochte, dass das Elektroauto 4
Sitzpléitze hat. Jeder vierte erwartet sogar ein deutlich groBeres
Raumangebot.

Seite 7 | 18.09.2010 | FAHRZEUGTECHNIK

Verbraucherschutzstandards fir E-Fahrzeuge bei
Sicherheit, Umwelt, Kosten

Aktive Sicherheit

Objektive Messung der Rundumsicht

p—— 1
el W
7 e\

Seite 8 | 18.09.2010 | FAHRZEUGTECHNIK

Verbraucherschutzstandards fiir E-Fahrzeuge bei %?
Sicherheit, Umwelt, Kosten ===

Wie sicher sind Elektroautos?

* Hybridfahrzeuge kénnen sehr sicher
konstruiert wie werden. Die geringe
Masse der Batterie muss kein Nachteil

S sein. Crashenergie wird um die Batterie

----- = herum abgebaut.

» Hoheres Fahrzeuggewicht im Vgl. zum
Standardantrieb fiihrt i.d.R. zu erhéhten
Insassenbelastungen im Crash.

* Leichtmobile, Leichtelektromobile
mussen hohe Anforderungen an
Strukturstabilitat erfullen. Heutigen
Leichtmobile erflllen dies nicht.

Seite 9 | 18.09.2010 | FAHRZEUGTECHNIK
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Max Lang, OAMTC

Verbraucherschutzstandards fiir E-Fahrzeuge bei
Sicherheit, Umwelt, Kosten

Seite 10 | 18.09.2010 | FAHRZEUGTECHNIK

Crashtest — Heckcrash

Mitsubishi i-MIEV

Seite 11| 18.09.2010 | FAHRZEUGTECHNIK

Crashtest = Mitsubishi i-MiEV

Score

Mitsubishi i-MIEV

Max Points available

Normalised Score (%)

Welghting (%)

Welghted Percentage S|

Rating Requirements (2011

|
TR
2011
Adutt Occupant LTI Pedesy Safety Assist
36 49 36 7
73 78 43 86
50 20 20 10 TOTAL
36,5 15,6 9.6 86 70
| Normalised Score (%) | TotaL |
65 60 25 40 60
i

.
=

Driver

Passenger

Seite 12 | 18.09.2010 | FAHRZEUGTECHNIK
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Rear Impact (Whiplash)
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Erneuerbare Energie im Individualverkehr der Zukunft
Max Lang, OAMTC

£

Crashtest = Mitsubishi i-MiEV Lo

pFER
SRR

Ve &
EURO g_# NCAP

WWW.euroncap.com

Seite 13| 18.09.2010 | FAHRZEUGTECHNIK

Unfallforschung — Rettungskarte

Rettungskarte — Mitsubishi i-MiEV

Seite 14 | 18.09.2010 | FAHRZEUGTECHNIK

Danke fiir Ihre Aufmerksamkeit

30.03.2011 | Dr. Max Lang | Leiter Fahrzeugtechnik
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Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

Biokraftstoffe in Osterreich und der EU
Moderation: Gerfried Jungmeier, Joanneum Research — Resources

Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

Biokraftstoffproduktion in

Osterreich

Highlights der Bioenergieforschung
Fachhochschule Wieselburg
30. & 31. Marz 2011

Dr. Reinhard Thayer

FV chemische Industrie, FV Mineraldlindustrie
Arbeitsgemeinschaft Flissige Biokraftstoffe

WKON»

ARGE Biokraft

1. Vorstellung der ARGE Biokraft

2. Biodiesel - Produktion und Absatz in Osterreich

3. Bioethanol - Produktion und Absatz in Osterreich

4. Substitutionsquoten fiir Osterreich

5. Herausforderungen und Probleme
EVANCS B e o
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Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

Arbeitsgemeinschaft Fliissige Biokraftstoffe

Tragerorganisationen
Fachverband der Fachverband der
chemischen Industrie Mineralolindustrie

y <
e
fIl:l raft \

~

10 Biodiesel- 1 Bioethanol- Mineralol-
Produzenten Produzent Industrie
Mitglieder

W KON
30. Mrz 2011 -

ARGE Biokraft

Biodiesel - Produktionskapazitaten

Starrein

® DOEL - Mitglied Lovat —

Weitere Anlagen in Betrieb

Amaidsiein Bileiburg
50.000 t 20.000t

Status Produktionskapazitaten gemaB Datenerhebung im September 2009

Theoretische Produktionskapazitét: ca. 650.000 t/a

WK O™
30. Marz 2011 =

ARGE Biokraft

Biodiesel - Produktionsdaten fiir Osterreich

|

350.000 323147 336.654

300.000
- 241.381 _ 250.000
= 250.000 | >
g 200.000 |
& 150.000 121,665

2006 2007 2008 2009 2010

« Datenherkunft: ARGE Biokraft Mitglieder
« 2006, 2007, 2009, 2010: 100% Datenriickmeldung durch ARGE Biokraft Mitglieder
« 2008: GroBteils Datenriickmeldung durch ARGE Biokraft Mitglieder; Rest Markteinschatzun

30. Mirz 2011 mmbl: DE FORSCHUNGS

ARGE Biokraft KOOPERATION
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Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

Biodieselabsatz in Osterreich

Biodieselabsatz (Beimischung + B100) | 87 Einfihrung

Feb. 2009
600.000
521. 611
500.000
406.291
400,000 370.046
e— 321.000
o infiihrun:
> 300.000 - 4. Quartal ZOOg5
200.000 ¥
100.000 -ﬂo
0 - T

2005 2006 2008

Quelle: Biokraftstoffberichte, Umweltbundesamt

W KON
30. Marz 2011 -

ARGE Biokraft

Bioethanol - Produktionsdaten fiir Osterreich

160.000 156.860
138,073

ioet!
8
g
=
u.r
w

2007 2010

WK O™
30. Marz 2011 =

ARGE Biokraft

Bioethanolabsatz in Osterreich

Bioethanolabsatz (E5 + E85)

120.000

100.000 99.626

80.000
]
] 60.000 E5 Einfiihrung [

4. Quartal 2007
40.000 ‘,
20.401
20.000 -
0 o

2007 2008 2009
Quelle: Biokraftstoffberichte, Umweltbundesamt

E FORSCHUNGS 30. Méirz 2011 mmml:

KOOPERATION ARGE Biokraft
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Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

% (energetisch)

Substitutionsquoten fiir Osterreich

1.-3.Quartal: 4,3%
4. Quartal: 5,75%

1.-3.Quartal: 2,5%
4. Quartal: 4,3%
4. Quartal
H erreichte
/ Substitutionsquote
¥
3,20 Hgeforderte
Substitutionsquote
gem. KVO

2005 2006 2007 2008 2009

Quelle: Biokraftstoffberichte, Umweltbundesamt

W KON
30. Mrz 2011 -

ARGE Biokraft

Herausforderungen und Probleme

» Fehlende Nachhaltigkeitszertifizierungssysteme in
Europa (1)

- Hintergrund:

» Um die okologische Vertraglichkeit der Biokraftstoffe zu garantieren,
gelten EU-weit verpflichtend vorgeschriebene Nachhaltigkeits-
kriterien

« Umsetzung in der EU RL 2009/28/EG zur Forderung der erneuerbaren
Energie (RED - Renewable Energy Directive) sowie die EU RL
2009/30/EG zur Kraftstoffqualitat (FQD - Fuel Quality Directive)

» Notwendigkeit von Kontroll- und Zertifizierungssystemen in den MS
bzw. EU-weit giiltige Systeme

» Beide Richtlinien waren in den MS bis Dezember 2010 in nationales
Recht umzusetzen.

WK O™
30. Marz 2011 S

ARGE Biokraft

Herausforderungen und Probleme

60

» Fehlende Nachhaltigkeitszertifizierungssysteme in
Europa (2)

Problem:

Entsprechende Zertifizierungssysteme sind gesamteuropaisch noch
nicht ausreichend umgesetzt

Dadurch sind kaum zertifizierte Rohstoffe aus der Ernte 2010 fir die
Biokraftstoffproduktion verfiigbar

Gilt vor allem hinsichtlich importierter Rohstoffe fiir die
Biodieselproduktion, aber in geringerem AusmaB auch fir die
Bioethanolproduktion

Problem pflanzt sich entlang der Zertifizierungskette auch auf die
Mineralolunternehmen fort

Ist gesamteuropaisches Problem
Nebeneffekt: Deutlicher Preisanstieg bei zertifizierten Rohstoffen
- Forderung: Ubergangsregelungen fiir 2011

W KOM
30. Marz 2011 e

ARGE Biokraft
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Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

Herausforderungen und Probleme

» FQD - Verpflichtendes 6% THG-Einsparungsziel bis 2020
fiir Anbieter von Kraftstoffen (1)

- Hintergrund:

« Zukiinftige Kraftstoffnormung wichtig (E10, B10, ,,7+3(x)“, B30)

« Bei 10 % (v/v) Beimischung sind Biokraftstoffe mit >60% THG-
Einsparung notwendig

« Bei Verwendung von Standardwerten gemal Anhang V der RED: Kaum
Biokraftstoffe der ,,ersten Generation“ mit ausreichend hoher THG-
Minderung (Bsp.: Ethanol aus Zuckerrohr - 71%, Biodiesel aus Abfallol
> 88%)

» Zukiinftig: Steigender Bedarf der Mineralolindustrie an THG-
optimierten Biokraftstoffen (zur Erfiillung der 6% THG-
Minderungsverpflichtung)

30. Méarz 2011 mmml‘:

ARGE Biokraft

Herausforderungen und Probleme

> FQD - Verpflichtendes 6% THG-Einsparungsziel bis 2020
fiir Anbieter von Kraftstoffen (2)

- Losungsmoglichkeiten:

o Erhohung der Biokraftstoff-Beimischung (Frage: Entwicklung
Kraftstoff-Normung bzw. technische Eignung der Fahrzeuge?)

« Biokraftstoffe der 2. Generation (Verfiigbarkeit?; marktfahige Preise?)

« Optimierung der 1. Generation Biokraftstoffe und Berechnung von
tatsachlichen Werten fiir die Minderung von THG-Emissionen

- Optimierungspotential u.a. bei der landwirtschaftlichen Kultivierung und
im Biokraftstoff-Produktionsprozess

30. Marz 2011 mmml:

ARGE Biokraft

Herausforderungen und Probleme

» FQD - Verpflichtendes 6% THG-Einsparungsziel bis 2020
fiir Anbieter von Kraftstoffen (3)

Beispiel Biodiesel: THG-Reduktionsmoglichkeit beim Anbau (- 26%)

B Divig

8000
| 530
E | 5046
§ | B el
418
‘Z"m’" sy O pdeniliser
= |  Kelertiser
g
g | B Lime
2 3000T— B pesticides
; | B Fiekd emissions
i { [ & Seed
H | 0 Diesed

Calculation base Varlation: Varlation: Ures Warlation:
value Dol a3 N-furtlisiar Urea as
Mebartilicer + Biodiesel

Quelle: DBFZ, Prasentation im Rahmen der Konferenz

,Biokraftstoffe der Zukunft 2011%, Berlin mmml“
30. Marz 2011 ]

ARGE Biokraft
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Biokraftstoffproduktion in Osterreich
Reinhard Thayer, ARGE Biokraft

Herausforderungen und Probleme

» FQD - Verpflichtendes 6% THG-Einsparungsziel bis 2020
fiir Anbieter von Kraftstoffen (4)

Beispiel Biodiesel: THG-Reduktionsmoglichkeit im Produktionsprozess
(-62 %)

W othar chamicaly
O Matharal

g OO per Gl Bodess

B Eheenrieity

GHG eminion:

hy
base vakue Bomathancl  pased on blomass based on biomany  techasiogy

combustion combuntion,  Wedieid plant

Quelle: DBFZ, Prasentation im Rahmen der Konferenz

,Biokraftstoffe der Zukunft 2011“, Berlin mmml“
30. Marz 2011 ]

ARGE Biokraft

Herausforderungen und Probleme

» B100-Eighung von EURO 6 Motoren?

EURO 6:
» Gesetzlich vorgeschrieben ab 1.1.2014
« Inverkehrbringung erster Fahrzeuge ab 2011

- Wegfall des B100 Marktes?
- Einfluss auf nationale Substitutionsziele?

» Kostenbelastung durch das EU Chemikalienrecht REACH

Beispiel Biodieselanlage (50.000 t/a):
- Anfallende Kosten fiir:

« Registrierung (3 Stoffe)
« Konsortium ca. € 100.000.-
« interne Stunden/Ausbildung

WK O™
30. Marz 2011 ]

ARGE Biokraft

Vielen Dank fur lhre Aufmerksamkeit.

www. biokraft-austria.at

W KOM
30. Marz 2011 :

ARGE Biokraft
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Rechtliche Basis in Osterreich und der EU
Heinz Bach, BMLFUW, Abteilung V/5

Rechtliche Basis in Osterreich und der EU
Heinz Bach, BMLFUW, Abteilung V/5

Vortrag verfiigbar auf www.nachhaltigwirtschaften.at/iea
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Rechtliche Basis in Osterreich und der EU
Heinz Bach, BMLFUW, Abteilung V/5
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European Industrial Bioenergy Initiative — Chancen fir die Industrie
Theodor Zillner, BMVIT, Ill/1 3

bme

Bundesministerfum
fiir Verkehr,
Innovation und Technologie

European Industrial Bioenergy Initiative
— Chancen fiir die Industrie

DI Theodor Zillner, bmvit

Highlights der Bioenergieforschung
Wieselburg, 30. Marz 2011

Inhalt bom@)

= Strategic Energy Technology Plan der EU
® European Industrial Bioenergy Initiative
= Chancen fiir die Industrie

= Die 6sterreichische Perspektive

Seite 2

SET-Plan Ubersicht b m(')-

® |nvestitionen: bis zu 70 Milliarden € tber insgesamt 10
Jahre

= Kerninstrumente: Industrieinitiativen (EIl) und
European Energy Research Alliance (EERA)

® Finanzierung: Public-Public-Private (EU +
Mitgliedsstaaten + Privater Sektor)
Joint Programming in variabler Geometrie
(Grenze zwischen RTD und Deployment ist dabei flieRend)

E FORSCHUNGS
KOOPERATION seite 3
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European Industrial Bioenergy Initiative — Chancen fiir die Industrie
Theodor Zillner, BMVIT, Ill/1 3

bm@

SET-Plan Ubersicht

(" Michael Paula / BMVIT

~ s
= STEERING GROUP Gerald Vones / BMWJF
S EC - chair
all MS and observer countries + EIB
Supported by SETIS
(=}
Wind Solar Netze

% Ell TEAM™ Ell TEAM™ Ell TEAM™ Ell TEAM™
Tz e
§o Industry representatives Industry representatives Industry representatives Industry representatives
@ £ Committed Countries Committed Countries Committed Countries Committed Countries
£ E EC EC EC EC
€ E Financing Community (2.g.EIB) Financing Community {e.g.EIB) Financing Community (e.g.EIB) Financing Community (e.g.EIB}
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Seite 4

bom@

European Industrial Bioenergy
Initiative (EIBI)

" The purpose of the EIBl is to boost the contribution of sustainable
bioenergy to EU 2020 climate and energy objectives, with a focused
approach leveraging on puplic-private partnership to manage the
risks and share the financing.

= The scope of the EIBI is focused on innovative bioenergy value
chains which are not yet commercially available and which could
bring significant contribution to the bioenergy markets by large
scale deployment, whilst complying with the sustainability requirements
of the RES Directive (2009/28/EC).

" The EIBI is proposing a pragmatic approach to select the most
promising options, based on transparent criteria reflecting a set of key
economic, environmental and social performances.

Seite 5

Bioenergy Value Chains of the EIBI b mc)

Thermochemical pathways

1 | Synthetic liquid fuels and/or hydrocarbons (e.g. gasoline, naphtha, kerosene
or diesel fuels) and blending components

2 | Bio-methane and other bio-synthetic gaseous fuels through gasisfication

3 | High efficiency heat & power generation through thermochemical conversion
(propose limit e.g. ng > 45%)

4 | Intermediate bioenergy carriers through techniques such as pyrolysis and

torrefaction

Seite 6
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European Industrial Bioenergy Initiative — Chancen fiir die Industrie
Theodor Zillner, BMVIT, Ill/1 3

Bioenergy Value Chains of the EIBI b m mf[i

5 | Ethanol and higher alcohols from ligno-cellulosic feedstock through chemical
and biological processes

6 | Hydrocarbons (e.g. diesel and jet fuel) through biological and/or chemical
synthesis from biomass containing carbohydrates

7 | Bioenergy carriers produced by micro-organisms (algae, bateria) from CO,
and sunlight

8 | Biomass feedstock for bioenergy

9 | Set of activities on longer term R&D&D on emerging and innovative

bioenergy value chains

Seite 7

Chancen fiir die Industrie b mc)([i

= 70 Milliarden Euro an Investitionen in Forschung und
Technologieentwicklung im Rahmen des SET-Plan in den
nachsten 10 Jahren

= SET wird wichtiger Pfeiler der europaischen
Technologiepolitik

= Beteiligung erdffnet einschlagigen Unternehmen groRe
Chancen

= beschert bei fehlendem Engagement einen systematischen,
langfristigen Nachteil

Seite 8

Die dsterreichische Perspektive bmc)(['

Ziele Quantifizierung

Kosten, Offshore, Netzintegration; 5-10 Priifanlagen, 10 20% des EU
j 5 offshore Stromverbrauchs

PV: 5 Pil f. isie igung, Demo zentral | 15% des EU
und CSP: 10 Prototyp: Stromverbrauchs

echter Bil ion volatiler 50% der Netze
Wechselbez. zw. Lieferanten. und Kunden; 20 Demoprojekte »Smart*

KWK; 30 D 14% des EU
Energiemix
Demonstration der vollstindigen CCS-Kette in industriellem Kosten 30-50
MaRstab EUR/Tonne CO2
ion IV erste KWK: Erste Prototypen

fiir Einfii i i Netze, Smart Energy 25-30 Demo- Stadte

Efficient

Quelle: "Investitionen in die Entwicklung von Technologien mit geringen CO2-Emissionen (SET-Plan)" KOM(2009) 519 endg.

Seite 9
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European Industrial Bioenergy Initiative — Chancen fiir die Industrie
Theodor Zillner, BMVIT, Ill/1 3

Die 6sterreichische Perspektive b mc)([i

Smart Energy Demo - fit4set

1. Ausschreibung
Einreichschluss 31.3.2011
Fordermittel € 2 Mio.

Seite 10

DANKE! om@ it

= Kontakt EIBI im bmvit:
Martina Ammer

martina.ammer@bmvit.gv.at

= Kontakt SET-Plan im bmvit:
Theodor Zillner

theodor.zillner@bmvit.gv.at

Seite 11
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C0O,-Minderung im StraBenverkehr
Wemer Tober, TU Wien — IFA

Highlights der Bioenergieforschung - 30. Marz 2011
Biokraftstoffe in Osterreich und der EU

CO,-Minderung im StraBenverkehr

IFA®>

Dipl. Ing. Werner Tober

Institut fiir Fahrzeugantriebe & Automobiltechnik

Motivation und Inhalt

O Der dauerhafte Schutz der Gesundheit des Menschen und des Tier- bzw.
Pflanzenbestandes, sowie der Klimaschutz zahlen zu den erklarten Zielen
der Europaischen Union und ihrer Mitgliedsstaaten.

O Nur eine ganzheitliche Betrachtung
— der gesetzlichen und politischen Rahmenbedingungen,
— der Schadstoff- und CO,-Emissionensentwicklung und
— der Entwicklung der Luftqualitat
zeigt die im Sinne des Umwelt- und Klimaschutzes noch zu bearbeitenden
Handlungsfelder des StralRenverkehrs auf.
In dieser Prasentation:

O Beitrag des StralBenverkehrs zur Erreichung der CO,-Reduktionsziele durch
— fahrzeugseitige MalRnahmen (CO,-Reglementierung),
- alternative Kraftstoffe und
— Elektromobilitat.

-

1 l j , Highlights der Bioenergieforschung - Biokraftstoffe in Osterreich und der EU ' FAB
wil CO,-Minderung im StraRenverkehr . et ey

W1 E N Vs Umsswrusy ot 1 ¥ 30. & 31. Marz 2011 | Wieselburg | W. Tober | Folie 2 s -

Gliederung

O Motivation und Inhalt

O CO, Reglementierung der Européischen Union fiir PKW und Leichte
Nutzfahrzeuge

CO,-Emissionsprognose des 6sterreichischen StralRenverkehrs
CO,-Emissionen vs. CO,-Reduktionsziele

Weitere Losungsansétze der CO,-Reduktion im Stralenverkehr
CO,-Reduktionspotential durch alternative Kraftstoffe

CO,-Reduktionspotential durch Elektromobilitat

Oo0Ooooano

Zusammenfassung

Quelle: W. Tober: Entwicklung der Schadstoff- und CO,-Emissionen des Stralenverkehrs und Ableitung des zusétzlichen
Handlungsbedarfs bis 2030. Wien: Institut fiir Fahrzeugantriebe und Automobiltechnik, 2011. Dissertation

- ™
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Wi 0,-Minderung im Strafienverkehr o

WIEN v 30. & 31. Marz 2011 | Wieselburg | W. Tober | Folie 3 a4 -
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C0,-Minderung im StraBenverkehr
Wemer Tober, TU Wien — IFA

CO, Reglementierung
Personenkraftwagen und Leichte Nutzfahrzeuge

O Bereits im Jahr 1995 verdéffentlichte die Europaische Kommission ihre
Strategie zur Minderung der CO,-Emissionen von Personenkraftwagen und
zur Senkung des durchschnittlichen Kraftstoffverbrauchs.

— Ziel: CO,-Emission von 120 g/km im Jahr 2005 (spéatestens 2010).

O Fur Personenkraftwagen gilt nun ab dem Jahr 2012 eine durchschnittliche
CO,-Emission der Neuwagenflotte von 120 g/km.
— 130 g/km durch Verbesserungen der Motorentechnik und innovative Technologien
— Weitere 10 g/km durch zusétzliche MaBhahmen wie Optimierung von Reifen,
Klimaanlage, Kraftstoff und Fahrverhalten.
— Zielwert ab 2020: 95 g/km

O Far leichte Nutzfahrzeuge (Kategorie N1) liegt ein Verordnungsvorschlag
vor, in welchem ab dem Jahr 2014 die durchschnittlichen CO,-Emissionen
der neu zugelassenen leichten Nutzfahrzeugflotte auf 175 g/km beschrankt
werden.

— Bis zu 7 g/km kénnen durch zuséatzliche MaRnahmen generiert werden.
— Zielwert ab 2020: 135 g/km

— T
l lj UNI Highlights der Bioenergieforschung - Biokraftstoffe in Osterreich und der EU , FAB

Wi 0,-Minderung im Strafienverkehr
WIE N s timirmrnsy o T 30. & 31. Marz 2011 | Wieselburg | W. Tober | Folie 4

CO,-Emissionsprognose PKW in Osterreich
Entwicklung ohne CO,-Reglementierung «

O Zwischen 2013 und 2030 erfolgt eine CO,-Reduktion von 2,7% bzw. 4,6Mio.t.

=3 Diesel EURO6 === Otto EURO6 ==Diesel EURO5 o Otto EUROS
e=zm Diesel EURO4 === 0tto EURO4 m Diesel EURO3 === Otto EURO3
12.000 === Diesel EURO2 E==3 Otto EURO2 X Otto EURO1 E—2O0GKAT
. ez Diesel US83 ===Diesel ECE 1504 E==30tto ECE 1504 == 0tto ECE 1503
T E=0tto ECE 1501 ez Otto ECE 1500 =z Diesel vor 1983 == Otto vor 1973
g 10.000 — —Euro5=Euro 6 -
% A
c 8.000 |
Ee]
3
£ 6.000 |
53 &
O 4.000
&)
g 2000 §
o Qi e,
0
O N ¥ © 0 O N ¥ © 0 O N  © 0 O N T © ©o O
2222932588888 S ssscc8y8g999aa
d O & O ® © © © © © o o o O
\—\—‘—‘—\—NNNNNNNNNNNNNNNN
Keine CO,-Gutschrift zufolge Biokraftstoffe berlicksichtigt.
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v CO,-Minderung im StraRenverkehr
W E M| s Lmseurain of feusmsion 30. & 31. Méirz 2011 | Wieselburg | W. Tober | Folie 5

CO,-Emissionen der Flotte - Fahrzeugseitige MaBnahmen
Annahmen zur Umsetzung der CO,-Reglementierung

O Personenkraftwagen Leichte Nutzfahrzeuge (Kategorie N1)

Jahr Otto Diesel
gCOzIkm gCOzlkm
] 157 159 175
I 238 200

| 105 85
105 85 95
Il 118 112 135
1] 179 142
95 75 -
| 95 75

Jahr Otto Diesel
gCO,/km | gCO,/km

I 107 99 -
1l 162 125
Highlights der Bioenergieforschung - Biokraftstoffe in Osterreich und der EU , FAB
~Minderung im Stratenverkehr frbrdfrdiauiog
30. & 31. Marz 2011 | Wieselburg | W. Tober | Folie 6 ysandeates
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C0O,-Minderung im StraBenverkehr
Wemer Tober, TU Wien — IFA

CO,-Emissionsprognose PKW in Osterreich
Entwicklung mit CO,-Reglementierung g

O Zwischen 2013 und 2030 erfolgt eine CO,-Reduktion von 21,6% bzw. 35,8Mio.t.
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Keine CO,-Gutschrift zufolge Biokraftstoffe berticksichtigt.
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CO,-Emissionsprognose NFZ in Osterreich
Entwicklung mit CO,-Reglementierung g

O Zwischen 2011 und 2030 erfolgt eine CO,-Reduktion von -6,7% bzw. 6,3Mio.t.

L \\X\\\&\\\\\\'\\\\ I
g 200 Ny

1990
1992
1994
1996
1998
2000

Keine CO,-Gutschrift zufolge Biokraftstoffe beriicksichtigt.
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CO,-Emissionen in Osterreich
Vergleich nach Sektoren

O Einfluss von PKW & NFZ durch Tanktourismus stark Gberbewertet.

30 P p
- Energiewirtschaft ——\/erarbeitendes Gewerbe
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g ———Sonstige = \/erkehr
é 20 = =PKW+NFZ Abgas (IFA) 1 abztgl. Tanktourismus
= {}abzﬂgl. Sonstiger Verkehr
2
o 15 -
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£
w 10 -
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8
5 Die IFA) basieren auf den in Osterreich verkauften Kraftstoffen.
Der Sektor Verkehr beinhaltet die Bereiche: StraRenverkehr, Bahnverkehr, Schifffahrt, nationaler Flugverkehr,
Der land- und forstwirtschaftlichen Verkehr, sowie Militér sind im Sektor Haushalte und Kleinverbraucher enthalten.
0 Emissionen aus Landnutzung, -sénderung und Forstwirtschaft werden nicht dargestellt.
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Keine CO,-Gutschrift zufolge Biokraftstoffe beriicksichtigt.
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C0,-Minderung im StraBenverkehr
Wemer Tober, TU Wien — IFA

CO,-Emissionen des StraBenverkehrs in Osterreich vs.
CO,-Reduktionsziele der EU und Osterreichs bis 2050

O Trotz CO,-Reglementierung fiir PKW und Leichte Nutzfahrzeuge werden
die CO,-Reduktionsziele der Europaischen Union nicht erreicht werden.

0,-Minderung im Strafienverkehr
30. & 31. Marz 2011 | Wieselburg | W. Tober | Folie 10
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Keine CO,-Gutschrift zufolge Biokraftstoffe berlicksichtigt.
Highlights der Bioenergieforschung - Biokraftstoffe in Osterreich und der EU , FAB

Weitere Losungsansétze der CO,-Reduktion im
StraBenverkehr

O Die Notwendigkeit weiterer CO,-Reduktionen im Stralenverkehr, zur
deutlichen Unterstiitzung der europaischen CO,-Reduktionsziele ist in
direkter Weise dargelegt.

O Insbesondere bei schweren Nutzfahrzeugen ist eine CO,-Reglementierung
(fahrzeugseitiger MalRnahmen) noch ausstandig.

Mégliche Lésungsansitze:

O Bereits heute im Einsatz sind alternative Kraftstoffe, welche die CO,-
Emissionen reduzieren kénnen.

O Elektromobilitat, als derzeit stark favorisierter Lésungsweg kann ebenfalls
zu einer Senkung der verkehrsbedingten CO,-Emissionen beitragen.

TU

W E N Virmna Unisaray of fruswsi

CO,-Minderung im Stralenverkehr
30. & 31. Marz 2011 | Wieselburg | W. Tober | Folie 11

Highlights der Bioenergieforschung - Biokraftstoffe in Osterreich und der EU , FAB

CO,-Reduktionspotential durch alternative Kraftstoffe
Vergleich mittels Okobilanz

O Essentieller Vorteil dieser MaRnahme ist, dass der gesamte StralRenverkehr
zur CO,-Reduktion betragen kann, da das Potential nicht nur auf neu zum
Verkehr zugelassene Fahrzeuge beschrankt ist.

O Bestimmung des Potentials zur Minderung der CO,-Emissionen am Beispiel
alternativer Dieselkraftstoffe, mittels Okobilanz und Emissionsberechnung.

T ) )
Well to Tank 21 +228% +251% -49% +121%
122 42% 5% 4% 4%
143 +35% +33% 1%  +14%

CO,-Gutschrift 0 Ja Ja Ja Ja

Well to Wheels 143 -50% -47% -91% +14%

RME... Raps-Methyl-Ester | HVO... Hydriertes Pflanzend!
BTL... Biomass to Liquid | GTL... Gas to Liquid

0,-Minderung im Straftenverkehr
30. & 31. Mérz 2011 | Wieselburg | W. Tober | Folie 12

Highlights der Bioenergieforschung - Biokraftstoffe in Osterreich und der EU , FAB

72

1

E

FORSCHUNGS
KOOPERATION

Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



C0O,-Minderung im StraBenverkehr
Wemer Tober, TU Wien — IFA

Annahme der Kraftstoffzusammensetzung

O Die getroffenen Annahmen beruhen auf einer optimistischen Einschatzung
der Verfiigbarkeiten der einzelnen Kraftstoffe.

Energetischer Anteil in % am 2007 | 2008
Dieselkraftstoffbedarf des
StraBenverkehrs in Osterreich

98,7% 94,8% 94,1% 93% 88% 83% 72%

- - - - 3% 5% 8%
1,29% 5,19% 5,89% 7% 7% 7% 7%
- - - 2% 4% 8%
- - - - 1% 5%

0,-Minderung im Stralienverkehr
T 30.&31. Marz 2011 | Wieselburg | W. Tober | Folie 13
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CO,-Reduktionspotential des dieselbetriebenen,
osterreichischen Straenverkehrs

O Trotz opt. Beimischungsquoten werden die CO,-EU-Ziele nicht erreicht.

O Alternative Kraftstoffe leisten dennoch einen wesentlichen Beitrag.

14000 | WTTBTL ~ mmWTTHVO  m=WTTRME  ssmWTT GTL
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8 4.000 fahrzeugspezifischen MalRnahmen:
2000 Im Jahr 2020: -12,9% / -9,8%
Im Jahr 2030: -21,9% / -17.,5%
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CO,-Reduktionspotential durch Elektromobilitét
Vergleich mittels Okobilanz

O Biokraftstoffe der zweiten Generation sind ,CO,-konkurrenzfahig*.

O Der Strommix ist entscheidend ob Elektrofahrzeuge einen CO,-Vor- oder
Nachteile generieren.
200
180
160
140 -
120
100 +
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60 -

40 - mmw
20

0 - (11T

VKM VKM VKM BEV BEV BEV BEV
Diesel aus HVO aus BTL aus Stromaus Strom aus Strom aus Strom aus
Osterreich Osterreich Osterreich ~ O-Mix EU-Mix D-Mix  China-Mix

VKM... Verbrennungskraftmaschine | BEV... Batterieelektrisches Fahrzeug | HVO... Hydriertes Pflanzendl | BTL... Biomass to Liquid
O-Mix... Osterreichischer Strommix | D-Mix... Deutscher Strommix | EU-Mix... Europaischer Strommix
Betrachtung ohne Fahrzeugherstellung

Highlights der Bioenergieforschung - Biokraftstoffe in Osterreich und der EU , FAB

,Minderung im StraRenverkehr
i 30. & 31. Mérz 2011 | Wieselburg | W. Tober | Folie 15

11 gCO2/km (Well to Wheels)

CO,-Emissionen [gCO,/km]
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C0O,-Minderung im StraBenverkehr
Wemer Tober, TU Wien — IFA

TU:

Zusammenfassung

O Der Vergleich der europaischen CO,-Reduktionsziele mit den
fahrzeugseitigen CO,-Reduktionsvorgaben zeigt auf, dass weitere
MaBnahmen der CO,-Emissionsreduktion erforderlich sind.

O Eine Analyse des CO,-Reduktionspotentials von alternativen
Kraftstoffen im dieselbetriebenen &sterreichischen Stralenverkehr zeigt,
dass im Jahr 2020 bzw. 2030 die CO,e-Emissionen des dieselbetriebenen
Osterreichischen Stralenverkehrs um 9,8% bzw. 17,5% reduziert konnen.

O Das CO,-Reduktionspotential von Elektrofahrzeugen ist unmittelbar von
der Zusammensetzung des Strom-Mix abhéngig ist. Der darstellbare CO,-
Vorteil wird durch den Anteil an regenerativ erzeugtem Strom bestimmt.
Europaweit sind die Potentiale als gering zu bewerten, kann aber nicht
vernachlassigt werden.

0,-Minderung im Strafienverkehr
30. & 31. Marz 2011 | Wieselburg | W. Tober | Folie 16

Herzlichen Dank fiir lhre Aufmerksamkeit!

Dipl. Ing. Werner Tober
werner.tober@ifa.tuwien.ac.at

Institut fiir Fahrzeugantriebe & Automobiltechnik
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Netzwerk Biotreibstoffe
Dina Bacovsky, BIOENERGY 2020+

Netzwerk Biotreibstoffe
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Netzwerk Biotreibstoffe
Dina Bacovsky, BIOENERGY 2020+

Netrwerk
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Netzwerk Biotreibstoffe
Dina Bacovsky, BIOENERGY 2020+
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Netzwerk Biotreibstoffe
Dina Bacovsky, BIOENERGY 2020+
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Netzwerk Biotreibstoffe
Dina Bacovsky, BIOENERGY 2020+

Netzwerk Biotreibstoffe

www.netzwerk-biotreibstoffe.at

Ansprechpartner:

— Dina Bacovsky
dina.bacovsky@bioenergy2020.eu

— Andrea Sonnleitner
andrea.sonnleitner@bioenergy2020.eu

— Nikolaus Ludwiczek
nikolaus.ludwiczek@bioenergy2020.eu

— Manfred Wérgetter
manfred.woergetter@bioenergy2020.eu

picenergy2020+

E FORSCHUNGS
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Netzwerk Biotreibstoffe
Dina Bacovsky, BIOENERGY 2020+

DE FORSCHUNGS
KOOPERATION

80 Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten




E

FORSCHUNGS
KOOPERATION

Das IEA Energy Technology Network
Manfred Worgetter, FJ-BLT

Das IEA Energy Technology Network
Moderation: Manfred Wargetter, FJ-BLT

Das IEA Energy Technology Network
Manfred Wargetter, FJ-BLT

‘ Enem!‘ m:&luw

Das IEA Energy Technology Network

Highlights der Bioenergieforschung V
30.+31.3.2011, Wieselburg

International
. Energy Agency
lea’

Australia
" Austria
Belgium
- Canada

Czech Republic
Denmark
Finland

France
Germany
Greece
Hungary
Ireland
Italy
Japan

Korea {Republic of}

p IEA Member Countries

The Eurcpean
Commission
also participates
in the work
of the [EA.
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Das IEA Energy Technology Network
Manfred Worgetter, FJ-BLT

» World Energy Outlook

The annual World Energy Outlook (WEOQ) is a leading
source for medium- to long-term energy market
projections, extensive statistics, analysis and
advice for both governments and the energy

business. Using a Reference Scenario Workd Enargy Outiook

based on no change in current policies, 2010

it enables policy makers to evaluate
their current path. The WEO has also
developed an alternative scenario that
puts the global energy systems on a
trajectary to stabilise greenhouse gas
emissions in line with limiting the

Outlook

Iincrease in temperature to 2°c.

www.worldenergyoutiook.org

World Energy Outlook
2009

International
Energy Agency & 5
L enu

0 rg a n i g ra m m @.‘.‘:‘ﬁ:‘?‘ln-v

| IEA Hybrid and Electric Vehicles |

_IF.A Governing Board

Directorate of Sustainable Energy Policy and Technolory

\ IEA Advanced Motor Fuel

(Eiprm' Group on RED Pliowmng and Evaluation Experts' Group on Science for Energy )
7

WorkinNgarty on Energy Working Party on Renewable 5 5 Fusion Power Co-ordinating
End-Use mologies Energy Technologies o on Caryon ack e Committee
I I 1 T
Implementing Implementing Implementing Implementing
Agreements Agreements hgreements Agreemens |
! 1 1 ]

( PUBLIC SECTOK) ( INTERNATIONAL ORG.) ( PRIVATE SECTOR ) ( NON-GOVERNMENTAL ORG. )

Eneray) Technology
Network

Biofuels-related: Auf der Couch:
’ IEA Bioenergy ‘ ’ Josef Spitzer ‘

’ Task 33: Gasification ’ Reinhard Rauch

’ Task 37: Biogas ’ Bernhard Drosg

’ Task 38: GHG Balances ’ Neil Bird

’ Task 40: Biomass Trade ’ Lukas Kranzl

| |
| |
| |
| Task 39: Liquid Biofuels | [DpinaBacovsky \
| |
| |

’ Task 42: Biorefineries ’ Gerfried Jungmeier

’ IEA Hybrid and Electric Vehicles ‘ ’ Andreas Dorda ‘

’ IEA Advanced Motor Fuels ‘ ’ Andreas Dorda ‘

(S 2\ k3BreraTIoN |:| E FORSCHUNGS

KOOPERATION
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IEA Bioenergy
Josef Spitzer

Network

IEA Bioenergy €=

Facilitating commercialisation and
market deployment of environmentally
sound, sustainable and cost-competitive
bioenergy technologies.........

Josef Spitzer

Highlights der Bioenergieforschung
30. Marz 2011

IEAE S 6

Scope of IEA Bioenergy

[EA Bioenergy

Thermostenical m

i * prysical/Chenical
|| processes

http://www.ieabioenergy.com

Was bietet die Teilnahme an
IEA Bioenergy?

[EA Bioenergy

= [nternationaler Wissensaustausch fiir die
osterreichische F&E

» |nternationale Verbreitung der Ergebnisse
der 6sterreichischen F&E

= Anbahnung internationaler F&E-Projekte

= Aufbau von Kontakten osterreichischer
Unternehmen zu internationalen Firmen

DE FORSCHUNGS
KOOPERATION
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IEA Bioenergy
Josef Spitzer

o

IEA Bioenergy

T
&
5]
=
w
o)
(@)

84

Welche Fragestellungen werden

bearbeitet?

Rohstoffbasis: Mengen (regional, global),
Ernte/Aufbereitung, internationale Logistik

Umwandlung: Prozesse (1. & 2. Gen), Ko-
Produkte (,,Bioraffinerie®)

Treibhausgasemissionen: prozessbedingt,
LUC-bedingt, Bilanzen mit LCA

Politik: Marktkonkurrenz (,,FFF*), Energie-
und Klimapolitik, Einflihrungsstrategien

Wie werden die Ergebnisse
verbreitet? !:1":”5""”

Publikationen
= Strategic position papers
= Annual Reports

= Newsletters (halbjahrlich g

= ExCo Workshop Reports

Veranstaltungen
= Task Workshops

= |EA Bioenergy Conference

10

1
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Task 33: Thermal Gasification of Biomass

, TECHNISCAE
UNIVERSITAT
WIEN

Vienna.University of Technology

Reinhard Rauch, TU Wien — VT

DE FORSCHUNGS
KOOPERATION

IEA Bioenergy Task 33:
Thermal Gasification of Biomass

Highlights der Bioenergieforschung 30. Marz 2011, Wieselburg

Dr. Reinhard Rauch

Vienna, University of Technology

Institute of Chemical Engineering

Uberblick

Operating Agent:

= The United States
Department of Energy

Task Leader:

= Dr. Richard Bain,
NREL, USA

= Dr. Reinhard Rauch,
TU Vienna

1Y
Arbeiten

Die Ziele von Task 33 sind

= Netzwerkaktivitdten

= |nformationsaustausch

= Standardisierung

Die Arbeiten sind

O N>R WD~

= Erstellen Country Reports
= Abhalten von Meetings und Workshops
= Erstellen von Studien bzw. Standardisierungsaktivitaten

30. und 31. Mérz 2011 — Fachhochschule Wieselburg | Zeiselgraben 4 | 3250 Wieselburg

Participation in IEA Bioenergy is financed by

Institute of Chemical Engineering
Working Group Synthetic Biofuels

Austria
Denmark
Finland
Germany

Italy

The Netherlands
New Zealand
Switzerland
United States

. Sweden (since 2011)
.Japan
. Norway

. Turkey
[[=/2\ k3seRanoN

Institute of Chemical Engineering
Working Group Synthetic Biofuels

DE FORSCHUNGS
KOOPERATION
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Task 33: Thermal Gasification of Biomass
Reinhard Rauch, TU Wien — VT

TU

WIEN

Ergebnisse

Bisherige Ergebnisse

Institute of Chemical Engineering
Working Group Synthetic Biofuels

Country Reports
Workshops zu Themen, welche auf Konferenzen nur
wenig behandelt werden z.B.:

= Betriebserfahrungen von Vergasungsanlagen

= Brennstoffférderung und andere Problemstellen

Tar Guideline

Analytik von Spurenkomponenten (S, N, Cl)
Sicherheitsrichtlinien

Publikationen zu “A Case for Gasification”
Datenbank Uber bestehende Vergasungsanlagen (im

Aufbau)
FORSCHUNGS
DEA KOOPERATION
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Task 37: Energy from Biogas and Landfill Gas
Bemhard Drosg, BOKU — IFA Tulln

IEA Biocnergy

IEA Bioenergy Task 37
“Energy from Biogas”

Highlights der Bioenergieforschung V
30.+31.3.2011, Wieselburg

,f“ IEA Task 37 ,Energy from Biogas* 1:"

IEA Biocnergy

IEA Task 37 — “Energy from Biogas”

Schwerpunkte 2010-2012:

Topic 1 — Substrate fir Biogaserzeugung

Topic 2 — Optimierung des Anaerobprozesses

Topic 3 — Biogasaufreinigung und Netzeinspeisung
Topic 4 — Garrestaufbereitung und -qualitat

Topic 5 — Emissionen aus Biogasanlagen

Topic 6 — Information und Ausbildung

’f‘ IEA Task 37 ,Energy from Biogas® ':"

IEA Bioenergy

Beitrdge und Infos flr
Biotreibstoffe in Osterreich

* Gute Datenbasis und Informationen tber
Nettoenergiebilanz in der Biogaserzeugung

» Details und internationale Erfahrungen zur Verwendung
von Biogas als Treibstoff

* Vergleich und Gegeniberstellung unterschiedlicher
Technologien zur Biogasaufreinigung

* Integration von Biogastechnologie in Biotreibstofffabriken
— Energetische Nutzung der Reststoffe

* Zusammentragen von Daten Uber Emissionen in der

Biogaserzeugung

:E: ﬁggi%gx_rl\llga ’F |IEA Task 37 ,Energy from Biogas* I:il
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Task 37: Energy from Biogas and Landfill Gas
Bembhard Drosg, BOKU — IFA Tulln

IEA Biocnergy

Informationsverbreitung

+ Task-Homepage: http://www.iea-biogas.net/

e Task37 Newsletter
* |EA Broschiren, “Success stories”, technische Berichte

» Workshops, Tagungsbeitrdge, Konferenzen

www.adswec2011.org ADSWSEC

20l Vienna, Austria
» Kontakt — 8sterreichische Vertreter:

DI Bernhard Drosg (bernhard.drosg@boku.ac.at)
DI Gunther Bochmann (guenther.bochmann@boku.ac.at)

— |IEA Task 37 ,Energy from Biogas*” G!U

I:IE FORSCHUNGS
KOOPERATION
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Task 38: Greenhouse Gas Balances of Biomass and Bioenergy Systems

Neil Bird, Joanneum Research — Resources
DE & FORSCHUNGS
KOOPERATION

Task 38

Greenhouse Gas Balances of Biomass
and Bioenergy Systems

Highlights der Bioenergieforschung
Nationale und internationale Ergebnisse
zu den IEA Schwerpunkten
30.-31. Mérz 2011, Wieselburg

N. Bird
Task 38 — Task Leader
JOANNEUM RESEARCH Forschungsgesellschaft mbH, Graz,
Austria

|||:l||||l|"“! I! |!! Task 38 — Greenhouse Gas Balances of Biomass and Bioenergy Systems
1 [ TTA0 | T AT

Welche Rolle spielen LUC und iLUC
bei der Nachhaltigkeit und
C-Neutralitiat von Biotreibstoffen?

B Langfristig ist Bioenergie nachhaltig, nicht
immer aber auch gleichzeitig C-neutral

B ,Land-use change“ (LUC und iLUC) kann eine

sehr groBe Rolle in der kurzfristigen

Treibhausgasbilanz von Bioenergie spielen

= Direkt — wenn die Landbewirtschaftung geéndert wird
Lebende und nicht lebende Biomasse (inkl. Boden)

= Indirekt — durch die Rohstoffverfligbarkeit

wenn Bioenergie in Konkurrenz mit anderen Nutzungen
steht (,food, fibre or fuel)

[E/2\ iGoperation

|||:l||||l|"=!! ! ||! Task 38 — Greenhouse Gas Balances of Biomass and Bioenergy Systems
AT o jl il
1 1) {ETRT] AT

Welche Rolle spielen LUC und iLUC
bei der Nachhaltigkeit und
C-Neutralitiat von Biotreibstoffen?

g CO,-eq/MJ

Von: Berndes G., Bird N., and Cowie A. 2010. Bioenergy, Land Use Change and Climate Change Mitigation.

FORSCHUMNGS |EA Bioenergy Strategic Paper. IEA Bioenergy:ExC0:2010:03. Available at:
]E& KOOPERATION http://www.ieabioenergy.com/Libltem.aspx?id=6770
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Task 38: Greenhouse Gas Balances of Biomass and Bioenergy Systems
Neil Bird, Joanneum Research — Resources

Task 38 — Greenhouse Gas Balances of Biomass and Bioenergy Systems

Aufteilung der Gesamtemissionen von
Biotreibstoffen im Vergleich zu fossilen
Treibstoffen unter Beriicksichtigung von
LUC und iLUC

14000

12000 - Emissionen inkl. LUC und iLUC
10000 -

s 8000 - 60 % 1st Generation,
£ 40% 2 Generation >
]
;

Fossile Treibstoffe

o R
2000 2010 2020 2030
wowiLebende wwwm Nicht lebende Non-LUC ===Fossll fuels =——=80% 1st & 40% 2nd

Unverdéffentlichte Ergebnisse. Bitte nicht verwenden
DE FORSCHUNGS Basierend auf ein Model von Havlik et al (IIASA)
KOOPERATION

|||:E|||Iﬂ|"iiu I! |EE Task 38 — Greenhouse Gas Balances of Biomass and Bioenergy Systems
pilllintbavyoahindong

Was bietet Task 38 den osterreichischen
Experten zu Biotreibstoffen?

Welche Fragestellungen werden bearbeitet und
wie werden die Ergebnisse verbreitet?

B LCA von verschiedenen Energiesystemen inklusive dLUC
(noch nicht iLUC)

= Paldau Biogas ,Case Study”
= Bioraffinerie ,Case Study”, derzeit in Bearbeitung
ACRP Projekt - SMART FORESTS

2 JR, BOKU, OBF und OBV arbeiten gemeinsam am Thema
,Timing der Treibhausgasemission von Bioenergie aus Holz" in
Osterreich, Fertigstellung 2012

Task-38 Website
=  http://www.ieabioenergy-task38.org

Task-38 Workshops und Expert Meetings
= LUC Conference Brazil — September 2011

DIEAFQHSCHUNGS =  Expert Meeting, Graz — 1.Quartal 2012
KOOPERATION

E
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Task 39: Commercialising Liquid Biofuels from Biomass
Dina Bacovsky, BIOENERGY 2020+

) - -
Commercializing

1 Liquid Biofuels from Biomass

IEA Bioenergy Task 39:

Commercializing Liquid Biofuels from Biomass

Highlights der Bioenergieforschung V
30.+31.3.2011, Wieselburg

r';'* -

Commercializing
" Liquid Biofuels from Biomass g
I T e~ AW R R SR S T

Task 3
IEA Bioenerg

Task Members 2009-11

www.task39.org

Finland - Tuula Makinen, Niklas von Weymarn
Sweden - Alice Kempe, Lisbeth Olsson
Denmark - Michael Persson, Henning Jorgensen
Germany - Axel Munack, Jirgen Krahl

The Netherlands - John Neeft

Austria - Manfred Worgetter, Dina Bacovsky
United Kingdom - Tony Sidwell

Italy - Gerardo Montanino

Canada - Jack Saddler, Don O'Connor, Warren Mabee
United States - Jim McMillan

South Korea - JinSuk Lee, JunSuk Kim, Seonghun Park
Japan - Shiro Saka, Yukinori Kude

Brazil - Viviana Coelho, Paulo Barbosa
South Africa - Emile van Zyl, Bernard Prior

New Zealand - lan Suckling
Australia - Les Edye

| Task 39

IEA Bioenerg

" Commercializing
Biofuels from Biomass i

" Liquid

S T

Studien und Berichte
» Biodiesel GHG Emissions: Past, Present and Future (2011)

» Current Status and Potential of Algal Biofuels (2010)
» Status of 2nd Gen Demonstration Facilities (2010)

» Backgrounder: Overview of sustainability criteria (2010)

» Update on implementation agendas: A review (2009)

» Examination of the Potential for Improving Carbon/Energy Balance
of Bioethanol (2009)

» From 1st to 2nd Gen Biofuel Technologies (2008)
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Task 39: Commercialising Liquid Biofuels from Biomass
Dina Bacovsky, BIOENERGY 2020+

Commercializing em_ : y - ' Task 39 _

" Liquid Biofuels from Biomass &= IEA Bi

R TN T

Informationsaustausch

Task 39: Osterreich:

+  www.task39.org * E-mail Aussendungen

» Taskmeetings » Nationaler Workshop:

« Task Newsletter »Transport Biofuels Research
in Austria“

» Konferenzen

Ansprechpartner:
—Manfred Wérgetter
—Dina Bacovsky
—Andrea Sonnleitner

1

E
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Task 40: Sustainable International Bioenergy Trade — Securing Supply and Demand

Lukas Kranzl, TU Wien — EEG

IEA Bioenergy Task 40

Sustainable Interna

tional Biomass Trade

Lukas Kranzl

Highlights Bioenergieforschung
30. Mérz 2011, Wieselburg

TECHNISCHE
UNIVERSITAT
WJFR

l:onnmrcs
W | E N

»Was bietet die Teilnahm

FORSCHUNGS
KOOPERATION

1E

e an Task 40 den

osterreichischen Experten zu Biotreibstoffen?*

> Informationen zur Herku

nft der Rohstoffe

» Analysen zu den Zusammenhéngen auf den
(internationalen) Biomassemarkten und —

Transportrouten

» Auswirkungen der Nachhaltigkeitszertifizierung

(gemaR Erneuerbare-RL

EC 2009/28)

> Generell in Task 40 alle Bioenergiestrome behandelt.
Aufgrund der hohen Energiedichte fiir Kraftstoffe

besonders relevant!

Biodiesel

Produktion, Import, Export
600.000

TECHNISCHE
UNIVERSITAT
WIFR

nerwy
Cﬂﬂamfﬁ

FORSCHUNGS
KOOPERATION,

1E

Biodiesel
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Quelle: Statistik Austria 2010
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Task 40: Sustainable International Bioenergy Trade — Securing Supply and Demand
Lukas Kranzl, TU Wien — EEG

Nachhaltigkeitskriterien und -zertifizierung?

» Ca. 70 verschiedene Initiativen mit unterschiedlichen
Standards, Aspekten und Zielsetzungen

> Die meisten davon zielen auf fliissige biogene Kraftstoffe ab.

» Fokus auf Umwelt-relevante Zielsetzungen.

> Aspekte der Nahrungsmittelsicherheit oder sozio-
6konomischer Auswirkungen meist nicht beriicksichtigt (z.T.
Arbeitnehmerschutz in freiwilligen Vereinbarungen)

» GroRe Bandbreite der Standards und Methoden => Risiko von
Verwirrung, Missbrauch und ,,Ausverkauf* von Standards

» Trotz derzeitiger Beschrankungen hat Zertifizierung das
Potenzial, direkte und lokale Wirkungen zu beeinflussen.

» => weitere Entwicklung und Starkung von Standards und
klaren, transparenten Methoden?!

» =>indirekte Effekte?!

Source: Dam et al 2010

g PET IEFARESS

Weitere Informationen:

» Nationale und internationale Task-40 Workshops

» www.nachhaltigwirtschaften.at
» www.bioenergytrade.org
» www.eegd.tuwien.ac.at

g 5 TBA S
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Task 42: Biorefineries: Co-production of Fuels, Chemicals, Power and Materials from Biomass

FORSCHUNGS
KOOPERATION

Gerfried Jungmeier, Joanneum Research — Resources

JOANNELM

JOANNEUM RESEARCH
Forschungsgesellschaft mbH

* § IEA Bioenergy i Task 42 Biorefinery
F 8 Gerfried Jungmeier

] Ighlights der Bioenergieforschung
Das IEA Energy Technology Network
AN bme® 30 .— 31. Méarz 2011, Wieselburg
Die Teilnahme an den Tasks in IEA Bioenergy wird finanziert vom Bundesministerium fiir
Verkehr, Innovation und Technologie / Abteilung fiir Energie- und Umwelttechnologien.

150 10013000 feriifsiert

W= [F A Bioenergy | Task 42 Biorefinery

Was ist eine “Bioraffinerie”?

HEAT

POWER

FUELS

CHEMICALS
BIOMASS

BIOREFINERY FOOD

FEED
MATERIALS

= [ A Bioenergy | Task 42 Biorefinery

RESEARCH

Definition of IEA
Task 42 “What is a Biorefinery?”

“Biorefinery is the sustainable processing of biomass into a
spectrum of marketable products”

> Biorefinery: concepts, facilities, processes, clusters of industries
» Sustainable: maximising economics, - social aspects, minimising
environmental impacts, fossil fuel replacement, closed cycles

» Processing: upstream processing, transformation, fractionation, thermo-
chemical and biochemical conversion, extraction, separation, downstream
processing

» Biomass: wood & agricultural crops, organic residues, forest residues, aquatic
biomass

> Spectrum: multiple energic and non-energic products

» Marketable: Present and forecasted (volume and prices)

» Products: both intermediates and final products (i.e. food, feed, materials,
chemicals, fuels, power, heat)
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Task 42: Biorefineries: Co-production of Fuels, Chemicals, Power and Materials from Biomass

Gerfried Jungmeier, Joanneum Research — Resources

4 Merkmale zur
Charakterisierung einer Bioraffinerie

RESEARCH

Klassifizierungssystem der IEA Bioenergy Task 42

1. Plattform 2. Produkte

Bioraffinerie

3. Biomasse-
Rohstoff

Nomenklatur:
» Anzahl der Platformen (Namen der Platformen”) / Rohstoff / Produkte / Prozesse")

» z.B. ,Eine 1-Platform Bioraffinerie mit Raps fiir Biodiesel*
1) optional

RESEARCH
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v .
Identifizierung der interessantesten Biomaterialien = '["" ; L }_'W
Entwicklungspotentiale fiir ,energieorientierte*und _—1 / <
,produktorientierte“ Bioraffinerien - \“"iﬁj" ””””” -

v
v
v’ Leitfaden fiir Nachhaltigkeits-Bewertungen von Bioraffinerien
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Globale Perspektlven zu Blorafflnerlen Strategiepapier

Okologische
Aspekte
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Task 42: Biorefineries: Co-production of Fuels, Chemicals, Power and Materials from Biomass

Gerfried Jungmeier, Joanneum Research — Resources

HOANNEUM

A Bioenergy

Die interessantesten
“Bioenergy-driven” Bioraffinerien 2020

RESEARCH

“Bioenergy-driven” Biorefinery concepts of Task 42 (Status of 5 Oct. 2010):

“A 5-platform (biogas, biomethan, green pressate, fibres, electr.&heat) biorefinery with grasses for
biomethan”

“A 1-platform (oil) biorefinery with oil crops for biodiesel”

“A 1-platform (oil) biorefinery with oil based residues&oil crops for biodiesel”

“A 1-platfrom (C6 sugar) biorefinery with sugar&starch crops for bioethanol”

“A 2-platform (electricity&heat, syngas) biorefinery with wood chips for FT-Biofuels”

“A 2-platform (C6&C5 sugar, electr.&heat, lignin) biorefinery with wood chips for bioethanol”

“A 2-platform (electr.&heat, biomethan) biorefinery with wood chips for biomethan (SNG)”

“A 4-platform (electr.&heat, hydrogen, biomethan, syngas) biorefinery with wood chips for
biomethan (SNG)”

“A 3-platform (pulp, syngas, electricity&heat) biorefinery with wood chips for FT-Biofuels”

10. “A 4-platform (C6&C5 sugar, lignin&C6 sugar, electr.&heat) biorefinery with saw mill residues, wood
chips and Sulfite liquor for bioethanol”

11. “A 4-platform (C6&C5 sugar, lignin, pulp) biorefinery with wood chips for bioethanol”

12. “A 5-platfrom (C6 sugars, C6&C5 sugar, lignin, syngas, electr.&heat) biorefinery with starch crops
and straw for bioethanol”

13. “A 2-platform (electricity&heat, syngas) biorefinery with straw for FT-Biofuels”
14. “A 3-platform (C6&C5 sugar, electr.&heat, lignin) biorefinery with straw for bioethanol”
15. “A 4-platform (biogas, biomethan, oil, electr.&heat) biorefinery with algae for biodiesel”

ONoOORLON =

©

HOANNEUM

,Eine 4-Plattformen Bioraffinerie mit
Hackgut und Sulfit-Lauge fur Bioethanol®

Hydrolyse

Bioraffinerie-Anlage

:
:: —‘ Fermentation

refinery

Ergebnisverbreitung
Dokumentationen

Fach- Von Fallbeispieletg;q atfinerie-
publikationen Trainingskurs

RESEARCH

Stakeholder-

Workshops Broschiire

Lénderberichte Fachvortrdage
www.iea-bioenergy.task42-biorefineries.com
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Task 42: Biorefineries: Co-production of Fuels, Chemicals, Power and Materials from Biomass
Gerfried Jungmeier, Joanneum Research — Resources

National Team Leader

Gerfried Jungmeier

JOANNEUM RESEARCH Forschungsgesellschaft
RESSOURCES

Institut fur Wasser, Energie und Nachhaltigkeit
Energieforschung

RESEARCH

Elisabethstralle 5

8010 Graz

Tel:  +43 316 876-1313

Web: www.joanneum.at

E-mail: gerfried.jungmeier@joanneum.at

bm@ [[2 /2\ FgRscHunGs

KOOPERATION

Die Teilnahme an den Tasks in IEA Bioenergy wird finanziert vom Bundesministerium fiir
Verkehr, Innovation und Technologie / Abteilung fiir Energie- und Umwelttechnologien.

I:IE FORSCHUNGS
KOOPERATION
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IEA Advanced Motor Fuels und IEA Hybrid and Electric Vehicles
Andreas Dorda, BMVIT, Ill/1 4

A3PSees

IEA Implementing Agreements

Advanced Motor Fuels
Hybrid & Electric Vehicles

Austrian Agency for Alternative Propulsion Systems (A3PS)

Wieselburg, 30/03/2011 Highlights der Bioenergieforschung V'

IA — Advanced Motor Fuels
IA End-Use Technologies/Transport

e Osterreich Mitglied seit 2007

® Themen:
®  Beitrag alternativer Treibstoffe zur Versorgungssicherheit
®  Energie-Effizienz
®  Umwelt- Sozial- und Wirtschaftauswirkungen

®  Unterstutzung bei der Erstellung von Standards und gesetzlichen
Rahmenbedingungen fir alternative Treibstoffe.

® Der Fokus dieses IA liegt in der Anwendung der Treibstoffe (nicht in der
Herstellung) und den jeweiligen Umweltauswirkungen.

® Bericksichtigt werden Treibstoffe fir den Einsatz in allen Verkehrsmodi

A3PSess: 44

IA — Advanced Motor Fuels

IA End-Use Technologies/Transport

® Art der Kooperation: die meisten laufenden Annexe
beinhalten umfangreiche Labor- und Testversuche, die
zwischen unterschiedlichen Forschungseinrichtungen
koordiniert werden. Das Arbeitsprogramm innerhalb der
Annexe erfolgt auf Basis von ,Cost-Sharing“ oder
»1ask-Sharing“ Systeme. Publikationen und
gemeinsame Aktivitdten werden aus dem ,Common
Fund® finanziert.

® Public domain: http://www.iea-amf.vtt.fi/

E FORSCHUNGS A3PSess
KOOPERATION
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IEA Advanced Motor Fuels und IEA Hybrid and Electric Vehicles
Andreas Dorda, BMVIT, Ill/1 4

Laufende Annexe

>  Information Service & AMF Website (AMFI) — XXVIII
»  Algae as a Feedstock for Biofuels — XXXIV-2
>  Particle Measurements: Ethanol and Butanol in DISI Engines — XXXV-2

>  Fuel and Technology Alternatives for Buses (Cooperation: IA-HEV, IA- AMF, |A-
Bioenergy) — XXXVII

>  Environmental Impact of Biodiesel Vehicles — XXXVIII

>  Enhanced Emission Performance and Fuel Efficiency for HD Methane Engines
— XXXIX

>  Life Cycle Analysis of Transportation Fuel Pathways — XL
>  Alternative Fuels for Marine Applications — Future Marine Fuels Study — XLI

>  Toxicity of Exhaust Gases and Particles from IC-Engines — International Activities
Survey — XLII

>  Performance Evaluation of Passenger Car, Fuel and Powerplant Options — XLIII

A3PSess-

Beteiligte Organisationen

® Department of Energy/Argonne National Laboratory — USA
® Natural Resources Canada (CanmetENERGY)

e VTT - Finnland

® Swedish Road Administration/AVL — Schweden

e NEDO/LEVO/NTSEL — Japan

® CATARC - China

® ADEME - Frankreich

® Fachagentur Nachwachsende Rohstoffe — Deutschland

® Bundesamt fur Energie/Berner Fachhochschule — Schweiz

A3PSess

Beteiligte Organisationen

® Danish Energy Agency/Danish Technical University — Ddnemark

® |DAE - Spanien

® National Science and Technology Development Agency (NSTDA) —
Thailand

® Department of the Environment, Water, Heritage and the Arts —

Australia

e ENI S.p.A/lstituto Motori (IM) — Italien

A3PSess |:| E FORSCHUNGS
KOOPERATION
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IEA Advanced Motor Fuels und IEA Hybrid and Electric Vehicles
Andreas Dorda, BMVIT, Ill/1 4

Offentliche Berichte

>  Annex XXXIX: “Enhanced Emission Performance and Fuel Efficiency for HD
Methane Engines”

“Enhanced emission performance and fuel efficiency for HD methane engines” May
2010.

> Annex XXXVI: Measurement Technologies for Hydrocarbons, Ethanol, and
Aldehyde Emissions from Ethanol Powered Vehicles

“Measurement technologies for emissions from ethanol fuelled vehicles”
SAE Technical Paper 2010-01-1557, November 2009.

»  Annex XXXIV: Biomass-Derived Diesel Fuels

Task 1: Analysis of Biodiesel Options. “Biomass-Derived Diesel Fuels” Final Report, May
2009.

> Annex XXXV: Ethanol as Fuel for Road Transportation

“Ethanol as a Fuel for Road Transportation” Final Report, May 2009.

A3PSessr

IA — Hybrid and Electric Vehicles
IA End-Use Technologies/Transport

Laufende Annexe:

® |nformation exchange — Annex |

Electrochemical systems — Annex X

® Electric cycles — Annex XI

® Heavy-duty hybrid vehicles — Annex XI|
® Fuel cell vehicles — Annex XIlI

® Market deployment of hybrid and electric vehicles: lessons learned
— Annex XIV

A3PSess

IA — Hybrid and Electric Vehicles
IA End-Use Technologies/Transport

Laufende Annexe — I
® Plug-in hybrid electric vehicles — Annex XV
® Fuel and technology alternatives for buses — Annex XVI

@ System integration and optimization of components for enhanced
overall electric vehicle performance — Annex XVII

® EV readiness forum: Infrastructure policy and systems for the
electrification of transport — Annex XVIII

E FORSCHUNGS A3PSess
KOOPERATION
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Diskussion — Resumee des Tages
Theodor Zillner, BMVIT, Ill/1 3

Kontakt
Gabriela Telias

Austrian Agency for Alternative Propulsion Systems (A3PS)
Tel.: +43 1 205 01 68-105
gabriela.telias@a3ps.at

www.a3ps.at
Andreas Dorda

Bundesministerium fur Verkehr, Innovation und Tecnologie
Abteilung |.4 — Mobilitats- und Verkehrstechnologien
Tel.: +43 1 711 62 65-31 09
andreas.dorda@bmvit.gv.at

www.bmvit.gv.at

A3PSess: 52
Internetseiten C
IEA Bioenergy |www.ieabioenergy.com

Task 33 www.ieatask33.org
Task 37 www.iea-biogas.net
Task 38 www.ieabioenergy-task38.org
Task 39 www.task39.org
Task 40 www.bioenergytrade.org
IEA AMF www.iea-amf.vit.fi
IEA HEV www.ieahev.org
[[2 /2 FSRSCHUNGS | www.nachhaltigwirtschaften.at/iea/index.html

Diskussion — Resumee des Tages
Theodor Zillner, BMVIT, Ill/1 3

Kamingesprach im TZWL
Moderation: Manfred Worgetter, FJ-BLT

BegriiBung
Karl Gerstl, Biirgermeister der Gemeinde Wieselburg-Land
Claus Zeppelzauer, ecoplus. Niederdsterreichs Wirtschaftsagentur

Verbrannt — Verstromt — Verfahren ?

vor dem Kamin:

Alexander Bachler, Landwirtschaftskammer Osterreich

Franz Kirchmeyr, ARGE Kompost&Biogas

Ewald-Marco Miinzer, Miinzer Bioindustrie

Reinhard Koch, Européisches Zentrum fiir emeuerbare Energie

1

E
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Availability of forest biomass: regional energy concepts and consumer acceptance

FORSCHUNGS
KOOPERATION

Josef Walch, FH Wiener Neustadt, Standort Wieselburg

Transportation Biofuels Research in Austria 2011

Lignocellulosic Biomass and Biofuels
Chair: Manfred Worgetter, FJ-BLT

Availability of forest biomass:
regional energy concepts and consumer acceptance

Josef Walch, FH Wiener Neustadt, Standort Wieselburg

Availability of forest fuels: regional energy
concepts and consumer acceptance

Perceived forest fuel availability

(o)
©)

»

Austrian Marketing University of Applied Sciences

2
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Availability of forest biomass: regional energy concepts and consumer acceptance
Josef Walch, FH Wiener Neustadt, Standort Wieselburg

The overall bio fuel availability perception of

customers is positive!

o' 4,13

e ———
o |

Erdgas | 53,35
3,02
e e ————
5
s Treibetole |
£ —=rn
& B2 = Durchschnitt
> ) .
B erdwarme | 1P Mostviertal-Mitte
o
5 . i ' 1,76 = Eisenstrafie
Windkraft e
Ial,53
Hol |
o}
Wasserkraft -—'_‘l
P 1,34
PV —
11,25 n=300
Solarthermie |l
1 2 E] 4 5
School grade
Source: [2] Basis: 300 Households, Austrian Marketing University of Applied Sciences

Mostviertel, 2010 5

Critical and very critical decision factors

for buying a boiler

Problem-free functioning

Security of fuel supply 100,0%

Environmental friendliness 94,4%

Operation costs 92,4%

Danger 91,7%

50% 60% 70% 80% 90%  100%

Basis: Personen, die auf ein Heizsystem mit
ereuerbaren Energien umgestiegen sind und die das.
jeweilige Motiv als ,sehr wichtig/wichtig" beurteilen.
Angaben in Prozent

Austrian keting University of Applied Sciences

Source: [1]

...the buying public does not expect a
shortage in supply of forest fuels any time

soon!

Wood is growing, hence there will always be enough available.™

Percentage of people expecting secure fuel supply in the next 20

Years. wie viel Prozent der die mitden
Brennstoffen in den nichsten 20 Jahren als SICHER ein?
" 98% 98%
100% o
840 B6%
80%
60%
41%
40%
33%
20%
0% -
ol Gas Pellets Wood Chips  Split Wood Fernwarme Strom

Austrian keting University of Applied Sciences
Source: [1] = D E
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Availability of forest biomass: regional energy concepts and consumer acceptance
Josef Walch, FH Wiener Neustadt, Standort Wieselburg

Forest land owners perspective:
Availability of forest fuels -
a question of price?

Austrian keting University of Applied Sciences

Wood increment and wood harvest in

Lower Austria, private forest owners

FOREST

LAND
OWNERS
< 200 ha, timber forest 200 - 1000 ha, timber forest
] Yol Tl TR dawsdad Tl s
FeNEs S b S —
= 10 "-.-________., = 7 = /—-ﬂ\‘a’
i 8 8 /3 ;e .
5 ’_,___-—'—--W
; & 5!""———._._*"/ - — =
4 I L3
2 — — — —
2 1 I -
0 a
1992-96 2000-02 2007-08 1992-96 2000-02 2007-09
Time parioda of forest Inventory Tima pariods of forest Inventory
=——wood Increment [Vfm/a] ——wood harvest [Vim/a] —wood [Vfm/a] d harvest [Vfm/a]
Source: [7] Austrian Marketing University of Applied Sciences

Forest ownership structure

33,2%
30,0%
0,0% i 16,5%
11,5% 13,3%
10,0% — - 7 3%— I—
2,7% 3,7% . 2,7%
oo M mm HEEE NS BNEE s O
<3ha Ibis < 5ha Shis<20ha 20bls <50 ha 50 bis < 200 ha 2 200 ha
mForest Landowners  mForest Area
D E FO RSCH U NGS Reference: Agrarstrukturerhebung 1999 Austrian Meet Lniversitylol ARRIRISRIEACEs
KOOPERATION :
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Availability of forest biomass: regional energy concepts and consumer acceptance
Josef Walch, FH Wiener Neustadt, Standort Wieselburg

Sustainable forest management

value chain priorities

LAND
OWNERS

. High grade timber (ecology, outdoor leisure, investment ...)
. (Hunt)

. Pulpwood

. Biomass

DwWNR

Professional forest management increases the share of high grade
timber account of pulpwood and biomass!

Austrian Marketing University of Applied Sciences

Unit = [m3] solid wood

Austrian Marketing University of Applied Sciences

Created with STAN
10

Contribution of regional energy concepts to forest fuel

availability

» Providing independent information on a regional level on
forest biomass consumption, supply and the sustainable wood
potential to ensure:

» sustainable forest management

» price stability

» customer acceptance of woody bioenergy use
| itoh

Austrian Marketing University of Applied Sciences D E
11
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Availability of forest biomass: regional energy concepts and consumer acceptance
Josef Walch, FH Wiener Neustadt, Standort Wieselburg

Bio Engineering at the Wieselburg Campus

Product Marketing & Project Management

Bachelor's programme, 6 Semesters

Bio Engineering (NEW, from WS 2011)

Sustainable energy industry

Four further specializations

Austrian 2ting University of Applied Sciences

12

Occupational Fields - Energy industry and Bio
Engineering

» Project manager in engineering offices

» Consultant in public facilities and policy advice
» Management in medium-sized bioenergy plants
» Quality manager for bioenergy plants

» Consultant in bioenergy sector for banks and Insurance companies
Y R S s ]
7 =l iy o o

» Raw material- and logistician bioenergy

il

Austrian 2ting University of Applied Sciences
Foto: Eduard Shelesnjak - Fotolia

13

Thank you!

Contact:

D :E: FO RSCH U NGS Austrian Marketing University of Applied Sciences
KOOPERATION -
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Availability of forest biomass: regional energy concepts and consumer acceptance
Josef Walch, FH Wiener Neustadt, Standort Wieselburg

108
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Logistic chains for wood chips from short rotation forestry
Franz Handler, FJ-BLT

Logistic chains for wood chips from short
rotation forestry

Franz Handler und Emil Blumauer

Highlights der Bioenergieforschung
Wieselburg, March 31st, 2011

Contact: Ifz FRANCISCO JOSEPHINUM WIESELBURG
BLT - BIOMASS | LOGISTICS | TECHNOLOGY
Rottenhauser Str. 1 Tel.: +43/7416/52175-15
AT 3250 Wiesclburg Fax: +43/7416/52175-45
E-Mail: franz.handler@josephinum.at

e AN BLT

Harvesting

» Forage harvester (Claas Jaguar 890 - 370 kW) equipped with
a special header (Biomasse Europa)

* Theoretical cutting length: 34 mm

Results - Working time requirement - H

MPh ... man power hours
120 t .. tons [ I | J
DM ... dry matter =+=Poplar 25.5 t DM/h

L00 4 : thfs -&-Willow 25.5tDM/h |
. \K a ... hectares =«-Poplar 36.0 t DM/h
g | -=-Willow 36.0 t
% R illow 36.0 t DNI/h
= n
= 2
=) <,
B2 0.60 +—% ‘
v o W
£3 —_—— ‘
- g pr— .‘
22 040 S T
1= i kT BT NS ey g _.J,-
5
= 0.20 ‘

0.00 ‘

GENBLT 00 10 20 30 40 50 60 70 80 90 100
WIESELBURG Plﬂt size [ha]

Mass flow related to effective chopping time

BLT

oL | B
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Logistic chains for wood chips from short rotation forestry
Franz Handler, FJ-BLT

Transport

Chain 1:

* Tractor-pulled trailers directly
transport the wood chips from the
field to the storage.

* Types of trailers:
- 2- or 3-side tippers
- Body tippers
- Push-off trailers
- Silage trailers

Lading space: 19 —40 m?

Transport
Chain 2:

* Tractor-pulled trailers transport the wood chips from the field
to an interim storage near the field.

* The transport from the interim storage to the storage is
carried out by articulated lorries or road trains.

A wheel loader or telehandler loads the lorries.

Transport
Chain 3:

» Tractor-pulled adapted field transfer trailers transport the
wood chips from the field to the articulated lorries or
roadtrains.

* By means of an auger the field transfer trailers directly load
the wood chips on the lorries.

* The lorries transport the wood chips to the storage

DE FORSCHUNGS
KOOPERATION
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Logistic chains for wood chips from short rotation forestry
Franz Handler, FJ-BLT

i

Transport

Chain 4:

* Tractor-pulled hook lift trailers transport the wood chips from
the field to an interim storage for the containers near the
field.

* At the interim storage two loaded containers are picked up by
a hook lift lorry and are transported to the storage.

Working time requirement for transport from fi

25 BLT Distance field - storage
WIESELBURG 1 k].ll S k“l

2.00 Number of tractors
2 3 with trailers

12

(loading

3 4 4
L.75 | space: 35m’)
1.50 i
B Waiting
1.25 2
B Unloading
LO0 -
B Transport
0.75 - u Filling
0.50 Plot size 3 ha, bulk
density 130 kg
0.25 DM/m?, dry matter
content 45 %, loading
0.00 -+ space of the trailers

35 m?, driving speed
17.5 23.3 29.1 17.5 23.3 29.1 | ofthe tractors
Mass flow through the forage harvester [t DM/h] 325 km/h

Working time requirement
[MPh/10 t DM]

BLT

Transport: Field — interim storage

2.20 BLT
Tipper Tipper Push-off | Field transfer | Trailerwith H“ URG
200 -+ 19m* T 29m* 1 trailer T trailer | container 1 —

_ 180 7“ il 40m* 35m’ | 3*11

- e
1. - —

£ 2140

o

2 - 1.20

=

EZ 10

E“E 0.80 O Waiting

_;'g 0.60 B Unloading

=
0.40 B Transport
0.20 B Filling

Haul distance 1

km, bulk density
23.3 291 233 291 233 29.1 233 291 233 291 130 ke DM/,

Mass flow through the forage harvester [t DM/h] dry matter content
45 %, driving

|:| E FORSCHUNGS Requirement: Forage harvester need not wait. :rpfcetgr(s)fthe
KOOPERATION - 32.5 km/h
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Logistic chains for wood chips from short rotation forestry
Franz Handler, FJ-BLT

Transport: Field — storage
5.00 1 T

— | @geLr
E 4'30 T WIESELBURG //
= 400 —— =
8 il -
= 3.50 —— = —+—Chain 2: Tipper 19 m*,
& ] o [ e —‘/ articulated lorry 90 m*
< 300 ] H /E/ |
5 2.50 ) B ﬁ .l’/ 4 transport vehicles
E % |(articulated lorvies)
S 2,00 —T
= T_‘ ist'ran‘ ort vehicles
£ 130 l
£ e
= 100 1 | —&- Chain 4: Hook lift trailer
Eﬁ with container 35 m?,
Z 0.50 lorry with trailer (2
;2 0.00 | containers) 70 m*

0 5 10 15 20 25 30 35 40 45 50

Distance field - storage [km]

e XN B LT

Transport: Field — storage

m BLT 4 transport vehicles
WIESELBURG (articulated lorries)

25 =A==
1 I_'I |

S 2 e = _’.- )// - —+—Chain2: Tipper 19 m*,
S = articulated lorry 90 m*
& L
s o
E —o - Chain 3: Field transfer
o L [cirmmportvands] trallerSSl:‘l’. articulated |
‘E 10 lorry 90 m v
& ?

- 4 transport vehicles ~&— Chain 4: Hook lift trailer

2 T4 with container 35 m*,

lorry with trailer (2
0 containers) 70 m*

0 5 10 15 20 25 30 35 40 45 30
Distance field - storage [km] :

N TN BLT

Conclusions

+« A lower working time requirement for chopping causes a lower
working time requirement for transport of wood chips

% The working time requirement for transport corresponds to the
loading space of the trailers and to the transport distance.

% Because of the high costs idle time of the harvester should be
avoided. This requirement causes idle time of the transport
vehicles.

+ The degree of utilization of the transport chain determines the
idle time of the transport vehicles.

_ﬂﬂ BLT
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Logistic chains for wood chips from short rotation forestry

Franz Handler, FJ-BLT

0
0.0

. oy et ;
Conclusions ﬁﬁ -
% The degree of utilization of the transport chains is mainly

determined by

- mass flow through the harvester

- transport distance

- speed and loading space of transport vehicles

The direct transport from field to storage by a tractor with
trailer is the most time and cost effective way to transport
wood chips up to a distance of 10 to 15 km.

For larger distances the use of containers is the most time
and cost effective way. (containers act as buffer = enough
containers must be available)
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Investigation of hydrolytic microorganisms and enzymes for depolymerisation of recalcitrant biomass
Georg Glbitz, Stefan WeiB, TU-Graz — Umweltbiotechnologie

Ty

Investigation of hydrolytic microorganisms and
enzymes for depolymerisation of recalcitrant
biomass

Stefan WeiR & Georg M. Guebitz

Graz University of Technology

b

,/F"‘“‘ o
R 1

Energy sources

Fukushima 2011

nuclear fossil renewable

‘.] introducti ] novel ligi llulolyti y hydrolysis in the biogas process

The Biorefinery

Biogas etc. Kudanga et al. Biore Techno 2010, 101:2793-2799.
Kudanga et al: J Molecular Catal B: 2009, 61:143-149
Kudanga et al: J. Biotechnol, 2010, in press
Kudanga et al: Enz Microb Technol 2010, 46:272-280.
Widsten et al: Proc Biochem, 2010, 45, 1072-1081
Kudanga et al: Eng Life Sci 2008, 8:297-302.
Prasetyo et al.. Biores Technol 2010, 101:5054-5062

B by plant | machiae ! Cellulose 400kg
Wood .
1000 kg " Functional materials
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=)=
Ethanol ;I:nillin
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Investigation of hydrolytic microorganisms and enzymes for depolymerisation of recalcitrant biomass

Georg Glbitz, Stefan WeiB, TU-Graz — Umweltbiotechnologie

Ty

MacroFun and ACIB

K/K2 Comet Centres Industrial Biotechnology and Polymer Processing

Funded project opportunities!

F introduction novel lignocellulolytic enzymes hydrolysis in the biogas pi

Progress

= Novel enzymes/organisms
= Via MS sequencing of relevant proteins i

= Enzymes successfully engineered
= Towards higher stability

[ » & R OB W |
L sl [N,

Highest level of expression
of polymer modifying enzymes using
= new promotor variants
= efficient strain selection
= activity base screening

= Factors limiting hydrolysis identified for
= process engineering
= enzyme engineering

F introduction novel lignocellulolytic enzymes hydrolysis in the biogas process

Biogas |

hydrolysis in the biogas process ]

F il i novel lig yti
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Biogas Il

rmany.2011:
6800"plants

| 2600MW™_
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M. Bischof, LUFA Oldenburg, Germany .~

hydrolysis in the biogas process

conclusions

BIOMASS

Lipids MPolysaccharidesm Protein l | Sulfate l‘

Q Hydrolytic fermentative MO)
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Glycerol+fattyacids] | Monosaccharides I | Amino acids I | H2S8 I
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| Propi butyrate,
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Process improvement

®= Trace elements .
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Reactor design

Staubmann, Guebitz et al. Appl Bioch. Biotech 63 (1997) 457
Held, Guebitz et al. Biores Technol 81 (2002) 19-24

Pobeheim, Guebitz et al. Biores. Technol. 101 (2010) 836-839
Pobeheim, Guebitz et al, Chemosphere 80 (2010) 829-836
Pobeheim, Guebitz et al, Water Res. 45 (2011) 781-788

'
< oo
P e o®
N (2 o
DN

= Zeolite Migulators
- Weil, Guebitz et al Water Res 2010, 44:1970-198
WeiB, Guebitz et al Biores technol (2011) in press

novel li

hydrolysis in the biogas process conclusions

x
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Investigation of hydrolytic microorganisms and enzymes for depolymerisation of recalcitrant biomass

Georg Glbitz, Stefan WeiB, TU-Graz — Umweltbiotechnologie

Ty

Experiments

Gras silage

Model substrate:

SSCP/ADRA analysis: Hemicellulose hydrolysing
Methanoculleus sp. (Pobeheim et al,
Chemosphere 80 (2010) 829-836)

compounds composition amountperlg | amountper5g in sacco
(%1 technique |
cellulose 16.7 0.334 1.67 for
xylan 25.8 0.516 2.58 contin uously
lignin 7.2 0.144 0.72 operated %
pectin 0.5 0.01 0.05 bioreactors

(LfL Institute) rg

F il i novel lig yti y hydrolysis in the biogas process ]

by

SEM analysis

ACPD dried zeolite with area-wide biofilm formation a Zeolite with biofilm formation

C Lyophilised zeolite with biofilm formation mainly in a pit
D Lyophilised zeolite, microorganisms colonising a pit (Bar length: 1 pm)

B CPD dried zeolite, cells forming fibrous structures b Microorganism with fibrous structures on the surface of a zeolite
¢, d Two rod-shaped cells, vanishing when AsB detector is used

E

FORSCHUNGS
KOOPERATION

118 Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



Investigation of hydrolytic microorganisms and enzymes for depolymerisation of recalcitrant biomass
Georg Glbitz, Stefan WeiB, TU-Graz — Umweltbiotechnologie

Ty,
xylanase re-activation on zeolites
Is an enzymatic activity correlated to zeolite particles? "’C\rfu Hﬁumﬁ
=°° PN
180 4 o’ — D32
T 1% - | 062h |
2 140 4 —

zeolite particle size 1.0-2.5mm / batch-cultivation on model substrate 14d, 35°C

F i i novel li i y hydrolysis in the biogas process conclusions

Ty

zeolite correlated enzyme activities

w
o
S

ams
35°C

N N
=3 a
S) (=]

xylanase activity [U 1]
@
o

50 1

24 48 72
incubation [h]

zeolite particle size <100um / batch-cultivation on model substrate, 35°C/45°C

F introducti novel lignocellulolytic enzymes hydrolysis in the biogas process conclusions
Ty,

CLSM of (hemi)cellulolytic bacteria
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Investigation of hydrolytic microorganisms and enzymes for depolymerisation of recalcitrant biomass
Georg Glbitz, Stefan WeiB, TU-Graz — Umweltbiotechnologie

CLSM of zeolite particle <100um @

Eubacteria Cy3
Archaea FITC
universal

hidrolisis in the biogas process ]

zeolite particle+bacteria

introduction llulolyti y hydrolysis in the biogas process conclusions

Ty
PCR-SSCP-Clustering : rrs
bacteria
0 20 0 ’:)ml:lmyrat]:\ 80 S0 100
. | grass fibres
é:?; . zeolite’s
surface
§ inoculation
g. m liquid
2 phase
‘. i i novel lig yti y hydrolysis in the biogas Erocess] lusi FORSCHUNGS
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Investigation of hydrolytic microorganisms and enzymes for depolymerisation of recalcitrant biomass

Georg Glbitz, Stefan WeiB, TU-Graz — Umweltbiotechnologie
Ty,

Sequencing : rrs bacteria/archaea

sequence accession

sample site

zeolite’s surface
grass fibres

zeolite’s surface
grass fibres
supernatant

supernatant

zeolite’s surface
zeolite’s surface
zeolite’s suface

supernatant
zeolite’s suface

inoculatio
n time [d]

organism

Ruminofilibacter
xylanolyticum

uncultured
bacterium

Bacillus sp.

Methanocarcina
barkeri

uncultured
archaeon
Methanoculleus
sp.
Methanoculleus
bourgensis

phylum/order*

Bacteroidetes

Thermotogae

Firmicutes

*Methanosarcinales

*Methanomicrobiales

*Methanomicrobiales

*Methanomicrobiales

identity
[%]

no.

DQ141183
EU551120

CU924654
CU919517
AF548884
AF028692
AB479397
AF107105

AJ550158

AY 196674
DQ150254

. intr novel lig y Molysis in the biogas process ] ‘
Ty,
Enrichment of enzyme producers
up to

500 T +162% T

8
- 6 %
z E
- 5 -—
: s
: 3 <

1

0

time [d]
xylanase activity increased continuously during subsequent
enrichment cycles significantly higher (P < 0.05) when compared

to the origin seeding sludge

12

13

*WeiR et al Water Research 2010, 44:1970-1980.

[N introd

hydrolysis in the biogas process conclusions \

novel ligi y y
Ty,
Enriched strains
< 57% Sinitaity [%] M
£ o 20 “Q 1
" | ] | J
. 1 NF 03
" i L] NF 04
» 1 NF 05
T . 1 NF 06
" munas NF 07
v [ 3} L ] NF 08
" " 11 NF 08
mi 1 NF 10
1 NF 11
JTRE Ry .
1 La7 161X 5
» 1 L7 24165
v ) 1 L47 081X 5
1 1 L47161X3
1 a8 L47 241X 3
1 - L47081X 3
1 1 = 1 L4716 VIN S
T = L4724Vl S
18 . L | LL70sv4
1 1 e a1 L47 241V 4
n L mie La7 161V 4
u I L L4708 VI S
Bacteroides sp. (B. succinogenes, B.
ruminicola)
Clostridium sp. (C. beijerinkii, C. diolis, C.
butyricum)
Azospira oryzae
+WeiR et al Water Research 2010, 44:1970-1980.
FO RSCH U NGS intr novel li hydrolysis in the biogas process ]
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Investigation of hydrolytic microorganisms and enzymes for depolymerisation of recalcitrant biomass

Georg Glbitz, Stefan WeiB, TU-Graz — Umweltbiotechnologie
Ty,
CH4-yield in batch-experiments
250 +
230 + [ _ 1
210 4 +53% in avera
190 zeolite I
E 170+ immobilized :
% 1501 bacteria f+,+oi}'+
= 130 + et
_8 1?2 L 4'—*3
2w
£ 70+ Ll e aaTlliq
o
50 4
30 pure zeolite
10 " " ' "

0 2 4 6 8 10 12 14 16 18 20 22 24 268 28 20 92 54

More efficient (hemi)cellulolytic enzymes via
— Screening

Protein engineering

Novel expression systems

Improved process conditions

time [d]
*WeiR et al Water Research 2010, 44:1970-1980.
F il novel lig yti y hydrolysis in the biogas process conclusions
Ty,
Conclusions

Specific populations develop on zeolite (SSCP, CLSM)

(Hemi)cellulase producers enriched
(Hemi)cellulase producers immobilsed on zeolite

novel ligr ytic enzymes hydrolysis in the biogas process conclusions

1

E

FORSCHUNGS
KOOPERATION

Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



E

FORSCHUNGS
KOOPERATION

Is second generation bioethanol commercialized yet
Markus Lehr, VOGELBUSCH Biocommodities

Highlights der Bioenergieforschung
March 2011 | Wieselburg | Austria

VOGELBUSCH

Biocommodities

Is 2G Bioethanol Commercialized Yet?
Technical issues and challenges of
second generation demonstration plants

Markus Lehr
VOGELBUSCH Biocommodities GmbH | Vienna | Austria

VOGELBUSCH Biocommodities GmbH ﬂ
| We make biotechnology work \

Complementing client’s 2G process with proven first
generation bioethanol technology

>Process design for pilot and demonstration plants
»Assist in developing fermentation and separation strategies
»Equipment supply for separation, distillation and dehydration

»Examples

~demo plant of IOGEN | CD

~demo plant of INBICON | DK

~pilot plant ABENGOA BIOENERGY | US
~demo plant of MITSUI/SIME DARBY | MY

y

VDGELBUSCH www.vogelbusch-biocommodities.com

EXAMPLE: Inbicon | Kalundborg | DK

| 2G demonstration plant

Ethanol Outlet

sk

Receiving ': Liquefaction - Distillation

7

/-

www.vogelbusch-biocommodities.com

Biocsmmodities
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Is second generation bioethanol commercialized yet
Markus Lehr, VOGELBUSCH Biocommodities

EXAMPLE: Inbicon | Kalundborg | DK

Raw material wheat straw (4 t per hour = 30,000 t per year)

Capacity 4,300 t /5,400 m3 of ethanol per year

Technology a combination of existing and new:

DONG - experienced with biomass logistics from
power plants (> 30 t per hour)

INBICON - pilot tested mechanical/hydrothermal/
enzymatic pretreatment and C6 fermentation

VOGELBUSCH - license and process design for
fermentation, distillation, dehydration and evaporation

By-product 11,000 t of C5 molasses / year (feed, biogas, bioethanol)

Start-up 2010
VOGELBUSCH www.vogelbusch-biocommeodities.com
Mocemmadities

Comparison G1 vs G2 plant

G2 plant
Sl (estimates)
Raw material wheat wheat straw
Yield (I alcohol / t raw material) 390 180
Fermentation time (hours) 60 - 80 120 - 150
Alcohol content (%vol in mash) 11-16 5.0-10
Steam consumption  (t/ 1000 | alc)
Liquefaction 0.4 20-4.0
Distillation/Dehydration 1.2 1.7
Estimated investment
75,000 m?/y plant (Mio €) 60 - 80 180 - 220
m www.vogelbusch-biocommodities.com

Cost drivers in production
| Issues and challenges

Investment | Raw
depreciation material

Enzymes

www.vogelbusch-biocommodities.com FORSCHUNGS
i i L[S /2)\ koSperamon
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Is second generation bioethanol commercialized yet
Markus Lehr, VOGELBUSCH Biocommodities

Cutting process energy consumption
| Saving costs AND improving greenhouse gas balance!

Incineration of lignin and/or biogas
=> self-contained steam supply possible

Thermal integration = internal use of latent heat of waste streams (dryer)
= utmost energy efficiency

Increase alcohol content in mash
= reduced energy demand for distillation and stillage treatment

VB Multi-pressure distillation
=> minimized energy costs for distillation

¢

VOGELBUSCH www.vogelbusch-biocommodities.com
Toczmmodities.

Energy saving plant design
| High alcohol concentration in mash reduces steam demand

Specific steam consumption

i VOGELBUSCH Multi-pressure distillation / dehydration system

3.0 —\

25

20

specific steam consumption  [ton / 1000 | alcohal]

- 2G
1G
05
00 - -
30 50 7.0 9.0 1.0 13.0 15.0

Alcoholin mash [%evol]

Requirements for raw materials

> Availability
> Short transport distance
> High density / content of fermentable sugars
> Low price
(€ 90 / ton wheat straw is equivalent to € 195 / ton wheat)

Alternatives to straw

> Bagasse

> Corn cobs

> EFB (empty fruit bunches from palm oil production)

» e

7

VOGELBUSCH www.vogelbusch-biocommodities.com
Bocsmmodities
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Markus Lehr, VOGELBUSCH Biocommodities

Future concept for plant integration

1G plant

2G plant Mechanical ydios

treatment

\5——’, ~‘~-__——”’
in use by INBICON ‘
DONG Energy core technology ———
VOGELBUSCH www.vogelbusch-biocommodities.com

ocsmmadites

PP F
[V

‘ Enzymatic
thermal :
(eatment L ..
’

graph by courtesy of Inbicon AS

Revamping of G1 plants for G2 feedstock?
| Expensive and difficult

RETROFIT AND LICENSE COSTS

> Raw material storage and liquefaction need proprietary process

TECHNICAL HURDLES

> Fermentation performance reduced to appx. 30 %
~ Lower alcohol content and
~ Increased fermentation time of G2 substrate

> Specific properties of G2 media to be considered
~ Viscosity of mash
~ High content of suspended solids

P

VDGELBUSCH www.vogelbusch-biocommodities.com
Bocsmmodities

The bottom line

B e

« Stable, proven process
= Plantin industrial design available

« Industrial product quality requirements

mm Unresolved

* High investment costs compared to G1 plants
« Still higher production costs then G1 product

« Raw material availablity

7

VOGELBUSCH www.vogelbusch-biocommodities.com
Bocsmmodities
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Markus Lehr, VOGELBUSCH Biocommodities

Thank you for your attention!!

Markus Lehr
Vogelbusch Biocommodities GmbH
Blechturmgasse 11, 1050 Wien
LeM@vogelbusch.com

www.vogelbusch-biocommodities.com
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Assessment of ligno-cellulosic bioethanol concepts in Austria — technical, economic and environmental aspects
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Kurt Kénighofer, Joanneum Research — Resources
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JOANNEUM RESEARCH

Forschungsgesellschaft mbH

Assessment of Lingo-cellulosic Bioethanol Concepts in
Austria — Technical, Economic and Environmental Aspects

Kurt Kénighofer, Philipp Kravanja, Lorenza Canella,
Gerfried Jungmeier, Anton Friedl

Wieselburg, 31.3.2011
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Project Overview

Bioethanol Plant Concepts
Technical Data

Greenhouse Gas Assessment
Economic Analysis
Conclusions
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Project Overview

Title: Assessment of Lingo-cellulosic Bioethanol
Concepts in Austria — Technical, Economic and
Environmental Aspects

JOANNEUM RESEARCH — RESOURCES,
Research Group Energy Research

Vienna University of Technology, Institute of
Chemical Engineering, Thermal Process Engineering
— Process Simulation

o+
nergie
Financed by Austrian Climate and Energy Fund
Project time: 1.3.2009 — 30.4.2011
a TRADITION of INNOVATION

30. und 31. Mérz 2011 — Fachhochschule Wieselburg |

Zeiselgraben 4 | 3250 Wieselburg 129



Assessment of ligno-cellulosic bioethanol concepts in Austria — technical, economic and environmental aspects
Kurt Konighoter, Joanneum Research — Resources

at

Bioethanol Plant Concepts

nneum

!

Key concept characteristics

RESEARCH

TU = Use of C6 + C5 sugar
EAd " Pretreatment: Steam Explosion
= Enzymatic Hydrolysis
= On-site enzyme production
= Process heat and electricity demand
produced from residues (e.g. Lignin)
= Plant size (t Bioethanol per year)
= Softwood: 50,000 / 100,000 t/y
= Straw: 50,000 / 100,000 t/y

neum.at

1N

o WOW W

a TRADITION of INNOVATION
0 Concepts
RESEARCH
— Fermentation
I l j Feed Stock of sugars By-products
WIEN Straw c6 Electricity
Straw C6+C5 Electricity
Straw c6 Electricity
Straw c6 Ligninpellets
Straw C6+C5 Ligninpellets
Straw c6 Ligninpellets Heat
Straw c6 C5 Molasses  Ligninpellets
Straw c6 C5 Molasses Heat

Softwood c6 Ligninpellets _

FORSCHUNGS
Softwood c6 Biomethane Electricity |:| E KOOPERAT'ON
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Kurt Kénighofer, Joanneum Research — Resources

Technical Data

[?ESERCH

100,000 t/y Bioethanol
Concepts Overview

Feedstock Conversion By-products
s . C5 Lignin- Bi
Type [Total Mass F ugars In | gisethanol Heat Electricity | Molasses | pellets fo-
ermentation (dry) (dry) methane
kt/a kt/a GWh/a GWh/a kt/a kt/a GWh/a
648 C6 379
447 C5+C6 160
648 C6 1.003 305
648 C6
Straw 447 C5+C6
648 C6
648 C6
648 C6
648 C6
867 C6
Soft- ™67 c6
wood
867 C6

100,000 t/y Bioethanol from straw; electricity
and heat (EtOH-Straw-C6/Electricity+Heat)

= Stra Straw (LHV, dry) 3651 [MW]
I lj 502 5.832 [t/y]
NH3 (28w/w% in H20) 12.970 [t/Y]  Eehanol (LHV) 93,4 [MW]
LUANRN  Molasses (80% DM) 6.621 [t/Y]  glectricity 381 [MW]
Corn Steep Liquor (50%DM) 19.874 [t/y] District Heat 1253 [MW]
Diammoniumphosphate 2.499 [t/y]
j Raw *
e Material Enzyme & PR Ethanol
- St Distillat
— Pretr::t"r:mnt Yeast SSF :u; ;SI:"
¢ Production
o Stillage |

1n

© WA W

w (90%DM) 648.063 [t/y]

Liquids SolidiLiquid Solids orvin
Separation rying

N\ District
E Syrup Heatin
p

Combustion

Process
Heat

Ayouoeig
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Kurt Konighoter, Joanneum Research — Resources

Greenhouse Gas (GHG) Assessment

GHG flow chart: reference fossil
EtOH-Straw-C6/Electricity+Heat

EtOH-Straw-C6/ Electricity and Reference: Gasoline/ Electricity and
— lj Heat . Heat from natural gas
I 648 kt/y Gas oil

extraction

extraction

WIEN

Gas

processing

Transport

Operating
materials 1

Transport

-
-_—_ Bioethanol- Refinery
D plant Gas CHP +

Gasoline|

. 1 Heating
Bioethanol Electricity .
. Plant I
Bioethanol Power Heat 1 Electrici O
| distribution Grid | grid | I ectriel ~Heat distribution
: Power Heat
1 grid Grid
1
1

Bioethanol Gi li
vehicle vehicle

1) 802, NH3, Molasses, CSL,
Di i »sphate

GHG flow chart: reference renewable
EtOH-Straw-C6/Electricity+Heat

EtOH-Straw-C6/ Electricity and Reference: Gasoline/ Electricity and
! lj Heat . Heat from straw
Oil
extraction

I Straw collecti 648 ktly straw { co?lterta:tvivon
WIEN

Transport .
Transport
Operating @ Transport ::
materials
e
I Transport Refinery

Heat

A0 \[ straw cHp

+ Heating
Plant

Gasoline|

Electricity

P

Power
Grid

Bioethanol
distribution

distribution

Gasoline

grid

| Heat

1) S02, NH3, Molasses, CSL,
Diammoniumphosphate
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Assessment of ligno-cellulosic bioethanol concepts in Austria — technical, economic and environmental aspects
Kurt Kénighofer, Joanneum Research — Resources

JOANNEUM

GHG Assessment 100,000 t/y
EtOH-Straw-C6/Electricity+Heat

U
I Production feedstock [l 47.6
WIEN |
Transports and distribution [N 290.4
. Plant auxiliary materials [N 45.6
: Plant energy demand and | 155 uC0o2
= combustion emissions ' mCH4
'f'--\ Driving car emissions | 0.5 bt
‘_ Disposal, building, sewage I
b=t treatment . 232
j oAl [ 1595
< 0 50 100 150 200 250
1; GHG-emissions [kt CO2eq./y]
a TRADITION of INNOVATION

sonvy Greenhouse Gas Reduction
Concepts overview

=
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RESEARCH
- U EXOH-Straw-CéElectricity S
EtOH-Straw-C6+C5/Electricity % o
WIEN ELOH-Straw-Ch/Electricity Heat T —
EtOH-Straw-CéyLigninpellets T —
. EXO-Strau-CEACSLigninpelets o
- EtOH-Straw-C6/Ligninpellets+Heat e
c EtOH-Straw-C6/C5 Molasses+Ligninpellets 5% e

-’
M EtOH-Straw-C6/C5 Molasses+Heat S0 I
= ELOH-Straw-C6/Biomethane+Electricity i .
I EtOH-Softwood-C6/Electricity - |

':_ EtOH-Softwood-CéfLigninpellets “T1% 55%
~ | EtOH-Softwood-C6/BiamethanesElectricity 6674
= sference fossil
= ke “100% 80% 60% A0% -20% %
= o reference renewable
= (%]
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Assessment of ligno-cellulosic bioethanol concepts in Austria — technical, economic and environmental aspects

Kurt Konighoter, Joanneum Research — Resources

Spec. Costs Bioethanol [€]

134

RESEARCH

TU

WIEN

RESEARCH

1,20

£
< X

Economic Analysis
Methodology

= Costs
= |nvestment costs

= Insurance, maintenance

= Operating costs

= Raw material (straw, woodchips)

= Personal
= Operating materials
= Water demand
= Waste water
= Revenues

= Heat

= Electricity

= Ligninpellets

= C5 molasses

SADITION of INNOVATION

Economic Analysis 100,000 t/y
EtOH-Straw-C6/electricity+heat

Cost Analysis
Capital costs [mil€/y] 26.3
Fix operating costs [mil€/y] 11.5
Variable operating costs [mil€/y] 61.5
of it Personal [mil€/y] 1.8
of it Raw material [mil€/y] 51.9
of it Operating material [mil€/y] 6.6
Total costs [mil€/y] 99.3
Spec. total costs [ €/ GJ gicethanor 1 36.9
Revenues
Electricity [mil€/y] 15.2
Heat [mil€/y] 20.1
Total revenues [mil€/y] 35.3
Spec. total revenues [ €/ GJ gioethanor | 13.1
Total costs Bioethanol [mil€/y] 64.0
Spec.costs Bioethanol [ €/ GJ givethanol 1 23.8
Spec. costs Bioethanol [€/ L gasoline equiv. ] 0.74

Economic Analysis
Concepts overview

Straw

Softwood

B[€/ L Bioethanol]

B[/ L Gasoline eqiv.]
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Assessment of ligno-cellulosic bioethanol concepts in Austria — technical, economic and environmental aspects
Kurt Kénighofer, Joanneum Research — Resources

£ Conclusions

Conclusions 1

—lj = Straw and wood are interesting raw materials for

I lingnocellulosic bioethanol in Austria

ILE T Lingnocellulosic bioethanol always in coproduction
with by-products from lignin, e.g. power, heat,

= Type and amount of by-products influences

— technical, economic and environmental performance

_ = Commercial technology not available, technology

under development, e.g. pilot plant for wood in

- Sweden, demo plant for straw in Denmark

> = Priority to integration of lingnocellulosic bioethanol

plant in existing infrastructure, e.g. from wood in

P&P-industry, from straw in EtOH from wheat plant

Conclusions 2

TU = GHG-reduction between 41% and 76%
et possible

= Costs of lingnocellulosic bioethanol
possible between 0,6 -1 €/L gasoline
equivalent

= Lingnocellulosic bioethanol in comparison
to FT-fuels: similar range of costs and
environmental effects

0 Further R&D necessary, e.g. in Austrian
demo plant

DE FORSCHUNGS z S
KOOPERATION —— a TRADITION of INNOVATION
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Assessment of ligno-cellulosic bioethanol concepts in Austria — technical, economic and environmental aspects
Kurt Konighoter, Joanneum Research — Resources

Thank you for your attention!

JOANNEUM RESEARCH — RESOURCES
Kurt Kénighofer, Lorenza Canella, Gerfried Jungmeier
www.joanneum.at/resources; Email: kurt.koenighofer@joanneum.at

Vienna University of Technology, Institute of Chemical Engineering, Thermal
Process Engineering - Process Simulation

Anton Friedl, Philipp Kravanja

www.thvt.at; Email: philipp.kravanja@tuwien.ac.at

www.joanneum.at
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The current situation of lignocellulosic bioethanol — with regard to straw in Austria
Heike Kahr, Alexander Jager, FH Oberdsterreich, Campus Wels

OBEROSTERREICH

University of Applied Sciences

The current situation of lignocellulosic
bioethanol — with regard to straw in Austria

Heike Kahr, Alexander JAGER

Upper Austria University of Applied Sciences Research and Development Ltd.

&

Bioethanol Process ,,basic*

Universiy of Applied Sciences

Bioethanol

4

I:Q Shredding I:O Pretreatment I:O Hydrolysis |:>|:> Destillation

. : l

?T‘é g’ g g Lignin
S é e 5 >
Upper Austrian Uni ity of Applied Sci / Campus Wels page?)
é Bioethanol Process ,,state of the art” I']
Inbicon Process OBEROSTERREICH
Universiy of Applied Sciences
Bioethanol

Dilution / H20

Fermentation

=
2
s
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Biomass
Shredding
Pretreatment
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Liquefication
Hydrolysis

3
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I

Lignin

D E FO RSC H U N GS Upper Austrian Uni ity of Applied Sci / Campus Wels page 3)
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The current situation of lignocellulosic bioethanol — with regard to straw in Austria

Heike Kahr, Alexander Jager, FH Oberdsterreich, Campus Wels

[ [/
YY

Y
M
Bioethanol Process , state of the art“ S
Wels Process

Bioethanol

Biodiesel

C6
l:> S :>:> e I:>I:>
B J
E *

Lignin
Upper Austrian University of Applied Sciences / Campus Wels page 4)
\J
LY 1st Step pretreatment ﬁl \
OBEROSTERREICH
Urivershy of Applied Sciences:

Upper Austrian University of Applied Sciences / Campus Wels page 5)
v
LY - ' | l
. Changes in Straw by means of Steam -
Explosion ——

Straw untreated Straw treated

Upper Austrian University of Applied Sciences / Campus Wels page 5)
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The current situation of lignocellulosic bioethanol — with regard to straw in Austria
Heike Kahr, Alexander Jager, FH Oberdsterreich, Campus Wels

Universiy of Applied Sciences.

Results: Glucose concentration after
raising the dry substance and recirculation

140 140 .

120 == 120 _a
S 100 /‘/ S 100 /;//
% / —~—10%TS % P —~—10% TS
2 80 —~=15% TS| & 80 = 15% TS
2w e _— +20%T8| § 4 — —20%TS
o o

40 / 40 //

20 20

0 0

1 2 3 1 2 3

no. of hydrolysis no. of hydrolysis

Standard assay Inhibitor control

Upper Austrian Uni

&

/ Campus Wels

Results: EtOH concentration after raising

the dry substance and recirculation

ity of Applied

Universiy of Applied Sciences

8 8
’ ’ —
6 6 —
s N s -
g ~—10%T8| & 0% TS
T4 — = 15%TS| I 4 - 15% TS
Q 4
i, //\\ - 20% TS 8 . / - 20% TS
2 2
1 1
0 0

no. of hydrolysis no. of hydrolysis

Standard assay Inhibitor control

)

Upper Austrian Uni ity of Applied / Campus Wels

Bioethanol Potential Austria

&

Residual Materials incl. Wood

Universiy of Applied Sciences.

30. und 31. Mérz 2011 — Fachhochschule Wieselburg | Zeiselgraben 4 | 3250 Wieselburg

S:a"t'ty available tons |, 404 000 800.000 6.000.000
Usage rate 50% 50% 25%
Tons pa 1.000.000 400.000 1.500.000
Cellulose content 40% 80% 40%
lYield sacharification 90% 90% 18%
[Yield fermentation 95% 95% 65%
| Bioethanol / ton 342 684 47
m3 Bioethanol pa 342.000 273.600 70.200 685.800
[Total Mileage(6 1/100 km)
5.700.000.000| 4.560.000.000 1.170.000.000 |11.430.000.000
IAverage mileage Km 15.000 15.000 15.000 ‘
No of cars 380.000 304.000 78.000 762.000
D E FO RSC H U N GS Upper Austrian Uni ity of Applied / Campus Wels page 9)
KOOPERATION
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The current situation of lignocellulosic bioethanol — with regard to straw in Austria
Heike Kahr, Alexander Jéger, FH Oberosterreich, Campus Wels

é Scenario: Complete replacement of fuel

by means Bioethanol pre——
Agricultural area ha 1.375.822
Usage rate for 33% 454.021
Bioethanol production
Extensive ha 900.980
wasteland
Usage rate 33% 297.323
Intensive grassland ha 909.407
Usage rate 33% 300.104
| Total \ ha |  1.051.449 |
Ethanol Yield Crops m’ p.a. 4.894.495
Ethanol Yield Straw m’ p.a. 2.796.855
Total m’ p.a. 7.691.349
| Rate of Substitution | % | 100 |
Upper Austrian University of Applied Sciences / Campus Wels page m)
@ Thanks to our research group W
Urivershy of Applied Sciences:

Thanks for your attention

Upper Austrian University of Applied Sciences / Campus Wels page 11)
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New avenues for fungal strain improvement
towards enzymatic degradation of cellulosic biomass for biofuel production
Verena Seidl-Seiboth, Christian P. Kubicek, TU Wien — VT

TECHNISCHE
UNIVERSITAT
WIEN

Vienna University of Technology

New avenues for fungal strain improvement
towards enzymatic degradation

of cellulosic biomass for biofuel production

Dr. Verena Seidl -Seiboth

Vienna University of Technology
Research Area Gene Technology and Applied Biochemistry

Highlights der Bioenergieforschung
Lignocellulosic Biomass and Biofuels
March 31, 2011

The fungal genus Trichoderma

* Filamentous fungus (mould)
* Genus: Trichoderma
* Cosmopolitan in soil and on decaying wood

* Produces large amounts of enzymes (biocatalysts) to degrade
carbohydrate biopolymers.

Complete genome sequence of Trichoderma reesei available

» Genome contains ca. 9200 genes

+ Ca. 360 of these genes encode proteins ml S Eﬁ”érﬁéﬂ’

involved in carbohydrate degradation

i Biotechnological applications of Trichoderma reesei

* Produces large quantities (>100g/l) of cellulases and hemicellulases.

Applications:

— Second generation biofules from cellulosic biomass
— Pulp and paper industry

— Textile industry

Bloethanol Recycles
carbon Dloxide

Bloethanal
=L
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New avenues for fungal strain improvement

towards enzymatic degradation of cellulosic biomass for biofuel production

Verena Seidl-Seiboth, Christian P. Kubicek, TU Wien — VT

U The enzymatic cellulose degradation machinery
of Trichoderma reesei

. oo

cellodextrins cellobiose

e ¥
O Q——O CBH
¥ X & (e e
o o @  Ec
D-glucose OO sophorose
O e
repressor inducer \
of cellulase gene expression @ SWO

CBH: Cellobiohydrolase, EG: Endoglucanase, BGL: beta-Glucosidase, SWO: Swollenin

Figure adapted from Seiboth, Ivanova and Seidl-Seiboth, Biofuels, 2011

B Requirements for production of cellulosic biofuels

| Produce
EDIOVE enzymes

the more cost
enzyme effectively S Imrpove
LOUIES /e fungal
production
strains

Optimize
fermentation
conditions
and enzyme
yield
Optimize
biomass

pretreat-
ment

Biofuels from
cellulosic
biomass

TU) Fungal strain improvement strategies in
Trichoderma reesei

* Mutagenesis “
o S amM 9123
— UV light w
L s
— mutagenic chemicals wis ||
NG1s am 9414
RUT C30 RLP3T

* Genetic engineering

— gene knockout strains —
) ) e pas

— overexpression strains —e e ——

. . . L & T—
* Classical crossing techniques (sexual recombination) ) ,
Y W
— F—
fast growth@ X 0 enzyme overproducer ,»

¥
.

@fast growing enzyme overproducer , ,
M

2
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New avenues for fungal strain improvement
towards enzymatic degradation of cellulosic biomass for biofuel production
Verena Seidl-Seiboth, Christian P. Kubicek, TU Wien — VT

B Gene targeting in Trichoderma reesei

Genes of interest need to be replaced by other genes to improve the
production capacity of T. reesei for more cost-efficient cellulase production:

* Introduce new genes that encode cellulases with improved properties (e.g.
protein stability, enzyme performance, etc.)
« Alter the regulatory regions of cellulases to produce more enzymes.

promoter region target locus terminator region

KuTo Ll marker ~,~Rad52

NHEJ‘ - 'HR

-

NHEJ: non-homologous end joining, HR: homologous recombination

Figure adapted from Seiboth, Ivanova and Seidl-Seiboth, Biofuels, 2011

Gene targeting in Trichoderma reesei

A T reesei tku70 gene-knockout strain resulted in > 95 % gene-targeting
efficiency in comparison to 5-10 % in the partental — tku70 non-deleted strain.

This enables the development of high-throughput approaches on the genomic
level to improve the biotechnological potential of T. reesei.

Publication: Guangtao et al, 2009, Journal of Biotechnology.

promoter region target locus terminator region
A
KU70 L) marker = =Rad52
N

)

Figure adapted from Seiboth, Ivanova and Seidl-Seiboth, Biofuels, 2011

Bl Sexual recombination in Trichoderma reesei

All industrial mutants are derived from one isolate, T. reesei QM6a.

Trichoderma reesei

O\

‘.

* Hypocrea jecorina is the sexual form of T. reesei .
(Kuhls et al, 1996; PNAS)

e T reesei QM6a was repeatedly reported to be an asexual clonal line.

* Few examples of Hypocrea spp. Undergoing sexual reproduction in vitro.

(Samuels, 2006; Phytopathology)
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New avenues for fungal strain improvement

towards enzymatic degradation of cellulosic biomass for biofuel production

Verena Seidl-Seiboth, Christian P. Kubicek, TU Wien — /T

Sexual recombination in Trichoderma reesei

Genome analysis revealed that T. reesei is a heterothallic species and that for
sexual recombination a fungal strain with the opposite mating type is required.

Using appropriate wild-type strains from a fungal culture collection, strain QM6a,
the ancestor of ALL industrial T. reesei strains could be sexually crossed for the
first time in 2008, more than 50 years after its discovery.

The crossing technique was already sucessfully applied to currently
biotechnologically applied T. reesei strains.

T. reesei on agar plate T. reesei strains with No production of fruiting
opposite mating types bodies in T. reesei strains
produce fruiting bodies.  with the same mating type.

Seidl et al, PNAS, 2009
Applied Research Award (VRW Forschungspreis) of the OGMBT 2010

TU Fungal strain improvement strategies in
' Trichoderma reesei

. .
Mutagenesis T
am 9123
— UV light w
L LA
— mutagenic chemicals wis ||
NG14 aM 9414
RUT C30 RL-PIT

v Genetic engineering

— gene knockout strains

e
| e =~ Radst
— overexpression strains X -

v Classical crossing techniques (sexual recombination)

Affiliation and further information

Vienna University of Technology 1 U

VIENNA

Research Area Gene Technolgoy and Applied Biochemistry

Head: Univ. Prof. Christian Kubicek

Working Group Molecular Biotechnology

Contact: verena.seidl@tuwien.ac.at

Related publications:

D. Martinez et al, 2008, Nature Biotechnology
Z. Guangtao et al, 2009 J. of Biotechnology
V. Seidl et al 2009, PNAS

Recent reviews:

V. Seidl and B. Seiboth, 2010, Biofuels
B. Seiboth et al 2011, Biofuels 2 (book chapter, in press)
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Advanced biofuels by gasification — Status of R&D work in Giissing
Reinhard Rauch, TU Wien — VT; BIOENERGY 2020+

Innovative Technologies
Chair: Dina Bacovsky, BIOENERGY 2020+

Advanced biofuels by gasification — Status of R&D work in Giissing
Reinhard Rauch, TU Wien — VT; BIOENERGY 2020+

TECHNISEHE [ oene rgy2020+

UNIVERSITAT
WIEN

Vienna University of Technology

Advanced biofuels by gasification —
Status of R&D work in Glissing

Reinhard Rauch

Institute of Chemical Engineering
Working Group Future Energy Technology
Prof. Hermann Hofbauer

m Tea m Of R& D Institute of Chemical Engineering

Working Group Future Energy Technology

= Scientific partners

NIVERSITAT

TUE  bioenergy2020+

W I E M| YniveRsITY OF
TECHND DY

= Engineering (as example)

TEnEAADIe o (2CRN0ITS
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Advanced biofuels by gasification — Status of R&D work in Giissing
Reinhard Rauch, TU Wien — VT; BIOENERGY 2020+

TU Institute of Chemical Engineering
WIEN Working Group Future Energy Technology

The basic concept — “Green Chemistry”

Over 50,000 hours ) s )
Biomass !

|

Producer Gas
(gas engine, gas turbine,

fuel cell) \\
Biomass Mixed alkohols /)
Synthetic Natural | Gasfficaton | / [/ Temmm——e=e-
Gas (SNO) Oxosynthesis
for aldehydes

Methanol / DME - Ammonia
N others g ?
Institute of Chemical Engineering
Working Group Future Energy Technology

BioSNG demonstration plant

[ Gasifier] [ BioSNG PDU ] [Technikum] [ Fuelling Station J

Institute of Chemical Engineering
Working Group Future Energy Technology

Commercial FICFB gasifiers

. Electricity Fuel / electr.
L .
ocation production MW, MWel Start up

Gussing, AT Gas engine 8.0/2.0 2002 Operational
Oberwart, AT  Gas engine / ORC 8.5/2.8 2008 Operational
Villach, AT Gas engine 15/3.7 2010 Commissioning
Klagenfurt, AT Gas engine 25/5.5 2011 planing
i Under
Ulm, DE Gas engine / ORC 15/5.3 2010 .
construction
. AER-process / .
Geislingen, DE . 10/3.3 2010 planing
Goteborg, X . .
Sweden BioSNG 32/20 (BioSNG) 2012 planing
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Advanced biofuels by gasification — Status of R&D work in Giissing
Reinhard Rauch, TU Wien — VT; BIOENERGY 2020+

TU

WIEN

Institute of Chemical Engineering
Working Group Future Energy Technology

Gas Composition (after gas cleaning)

Possible poisons
H,S mgS/Nm?® ~200
CcOos mgS/Nm? =5
Mercaptans mgS/Nm? ~30
Thiophens mgS/Nm? ~7
HCI ppm ~3
NH3 ppm 500-1000
HCN ppm ~100
Dust mg/Nm? <20

Main Components
H, % 35-45
co % 22-25
CH, % ~10
Co, % 20-25

Minor Components
C,H, % 2-3
C,Hg % ~0.5
C;H, % ~0,4
0, % <0,1
N, % 1-3
CeHe g/m3 ~8
C,Hg g/m3 ~0,5
C,oHsg g/m3 &2
TARS mg/m3 20-30

H,:CO = from 1.7:1 to 2:1

Institute of Chemical Engineering
Working Group Future Energy Technology

BioSNG Demonstration Project

A 1 MW SNG Process Development Unit (PDU) is erected within the EU project
BioSNG and allows the demonstration of the complete process chain from wood to

SNG in half-commercial scale.

A consortium consisting of four partners is

responsible for the PDU:

» Repotec GmbH
» Paul Scherrer Institute
» Technical University Vienna

The project BioSNG is co-funded by

- the European Commission

- 6th Framework Programme
PrNo TREN/05/FP6EN/

S07.56632/019895

- Swiss electric research

- Bundesférderung Osterreich

- WIBAG

Results

repotec
» CTU — Conzepte Technik Umwelt AG

DB
Instituts’
Prodsemical
sfundamen
P tﬂhﬁdemyt;f‘
- - ic:
oy e
Verbundnetz
eDF el

W /a Techn -/
/8 A Unawenn

Institute of Chemical Engineering
Working Group Future Energy Technology

= December 2008: First conversion of product gas into

rawSNG

= June 2009: BioSNG at H-Gas quality produced

+ June 24t : inauguration —
CNG cars were fuelled
using BioSNG from wood

* June 2009 CNG-car was
successfully used for
1000km with BioSNG
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Advanced biofuels by gasification — Status of R&D work in Giissing

Reinhard Rauch, TU Wien — VT: BIOENERGY 2020+

TU Institute of Chemical Engineering
WIEN Working Group Future Energy Technology

Quality BioSNG

Germany Austria
DVGW OvGwW

regulation | regulation
G260 G31

unit BioSNG

Wobbe Index | [kWh/m3] | 12,8-15,7 | 13,3-15,7 | 14,15

Relative density [-] 0,55-0,75 | 0,55-0,65 0,56
Higher heating | \viyms) | 8.4-131 | 10,7-12,8| 107
value
m Institute of Chemical Engineering
Working Group Future Energy Technology

Synthetic biofuels (FT- Route)

TN

Cellulose, Polyose (Hemicellulose ) | =
Lignin i/n- paraffins
(hydrocarbons)

Fossil products
(e.g. LGO, HGO, VGO)
Raw Syngas Pure Syngas

Wood chips H2/C0=1,5 H2/CO=2 FT-wax ~ Purse Gas

FT- fuels ' ,,,,, ~" HPFT-
Fuels
steam Hydrogen
(pure/ recycled)

CIeanmg/ - ‘B
= N~ e { i~

Institute of Chemical Engineering
Working Group Future Energy Technology

Comparison of produced FT Fuels

FT- Diesel HPFT- Diesel CEC- Priif.
ACN: >72 t3=2,5s 68,5 t4=291s >51,8/
CFPP/CPIFP: -12/ -9/ -°C -62/ -60 / -98°C -18/ -5 °C
20
—=ea— - paraff/res. (FT)
18 ——#——n- paraff. (FT)
16 - el - paraff/res. (HPFT)
14 4 e - paraff. (HPFT)

@- - - i- paraff. /res. CEC- Priif DK
-~ -4 - - n- paraff. CEC- Prif- DK

fraction [Yowt]

va 7 8 910 11 12 13 14 15 16 17 18 192021 22232425
et Carbon- number
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Advanced biofuels by gasification — Status of R&D work in Giissing
Reinhard Rauch, TU Wien — VT; BIOENERGY 2020+

TU Institute of Chemical Engineering
WIEN Working Group Future Energy Technology

Results on engine tests with 20% blends

mFT ®HPFT
120
Vergleichsbasis
BO Diesel

g 100
@
i
=
o S0
=
2
E
S
= 60

40

Verbr. gr. co2 HC co NOx FSN PA
m Institute of Chemical Engineering

Working Group Future Energy Technology

Mixed alcohols

e Funded by “Klima und Energiefonds” and
Bioenergy 2020+

e Aim is to get fundamental know how in the synthesis
of mixed alcohols from biomass

e Main advantage is very simple gas cleaning, due to
sulphur resistant catalyst

pioenergy2020+

13

Institute of Chemical Engineering
Working Group Future Energy Technology

Actual status: first experiments are done
" _‘.

Reformer

Drying
(glycol-scrubber)

Compressor

(5-7 Nm?/h; 300 bar)
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Advanced biofuels by gasification — Status of R&D work in Giissing
Reinhard Rauch, TU Wien — VT; BIOENERGY 2020+

TU Institute of Chemical Engineering
W Working Group Future Energy Technology

BioH2-4Refineries

Economic evaluation of production of hydrogen for a refinery

= 50 MW fuel plant to replace fossil hydrogen

= Evaluation of the biomass resources available for such a
plant

= Basic — engineering of the gasifier as well as of all other

sub units, including pipelines, utility systems, logistic needs

Optimal use of by-products

= Economic evaluation

15

Institute of Chemical Engineering
Working Group Future Energy Technology

Simplified flow chart

Product gas-  Product gas- CO-shift Compression .
cooler filter Gas separation
(PSA)
Cooling
and drying
Flue gas cooler Flue gas filter chimney
Biomass '] Fluegas
blower
bustion ai )
steam Combustion air O
v
B

Institute of Chemical Engineering
Working Group Future Energy Technology

Summary

= Biomass CHP Gussing has excellent frame conditions
for R&D on synthesis gas applications

= Focus of R&D is on small CHP and on synthesis gas
applications (BioSNG, Fischer Tropsch, Mixed Alcohols,
Hydrogen)

= Gasification enables the conversion of biomass to many
useful products

More info at
http://www.ficfb.at
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New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

BIOKRAFTSTOFFE
BIOFUELS

A

AVIATION BIO-FUELS

new way
to

Doz. Dr. Alfred Ecker

AVGAS

AVTUR

AVDIESEL

Doz. Dr. Alfred Ecker

Wieselburg, 2011-03-31

Aviation Fuels

Aviation Gasoline

Aviation Turbine Kerosene

Aviation Diesel fuel

Wieselburg, 2011-03-31

Fuels
Properties

Formula

Molmass

BoilingPoint ~ °C
Density kg/m3
Heating value ~ MJlkg

Not suitable as aviation fuels:

Methane Methanol DME Diesel
CH4 CH30H CH30CH3 CxHy

16 3 46 200
-161 65 -25 150/350
072 792 665 845

48 20 29 4

Methane , DME because of high volatility and low density
DME, Methanol because of low HV

FO RSC H U N GS Doz. Dr. Alfred Ecker
KOOPERATION

Wieselburg, 2011-03-31
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New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

Much Oxygen in product and feed is a problem !
O-content, %Mol

Methanol CH40 50
Ethanol C2H60 34,7
Butanol C4H100 21,6
DME C2H60 34,7
Biodiesel C19H3602 10,8
CNG, Diesel CH4, CH1.,9 0
Wood CH1,600,7 45
Sugar C6H1206 53

Oxygen reduces energy content, makes worse water tolerance, stability...

Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31

Important requirements
on alternative (Bio)-Fuels

Infrastructure
Must not demand a new infrastructure
Must be blendable with conventional fuels
Must be usable in existing engines

Sustainability
Must not harm the environment
Must not competitive to food
Should create new jobs
Should be competitive with other fuels

Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31

Assessment of Fuels

H2 | Biogas | DME | MeOH | Biosprit | FT-Diesel | Oligomerisat

Density, kg/m3 0,086 0,78 | 660 | 792 | 794 780 810

Heating value, MJ/kg 12 1 40 | 28 | 20 27 44 45

Liquid yes | yes yes yes
Blendable with HC partly | partly | yes yes
Engine adapting necess. partly | partly 1o 10
Infiastructure usable partly | partly | yes yes
Conv. Storage yes | yes yes yes

Conv. Transport yes yes yes

No S, N, Metalle yes yes yes

Max. Hpro C yes yes
Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31

FORSCHUNGS
KOOPERATION

152 Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



=

FORSCHUNGS
KOOPERATION

New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

What should biofuels consist of ?

+* No elements such as S,N,Metals, O?
+* Consist only of C und H
% Contain Maximum H (for Minimum CO,)

These reqirements are only met
by
Liquid Hydrocarbons (HC)
with a high portion of
(Iso)-Paraffins

Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31

Synthesis Gas
A multi purpose source for synthesis

Fischer
Tropsch
Synfuels

Methanol- MIO,  Olefins
Synthesis —> Chemicals
—_—

MTD DME
IGCC ﬂ

Naphtha
erosene/Diesel
Wax

MTE
Hydrogen
Energy

Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31

FT-Products
Bevor and after Hydrocracking

—_——FT —=—— MildHC
—ar— SevereHC

Higher yield
Qetter cold behaviour

M2\

Diesel

o 10 C-Zahl 30 a0

Hydrocracking produces more diesel fuel with better cold behaviour
Big plants are necessary for economical reasons -
But scale up is not possible for syngas from solid biomass

Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31
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New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

Synthesis of Biofuels
from solid Biom ass

Pyrolysis

A 4

G asifier 4»{ FT-Synthesis j
v

MTP Synthesis J
s

Methanol Alcohol

' !

MTSyn MOGD ATD OCD
v
l l l Hydro-
’ Oligomerisation/Hydrogenation cracking

S TEE—

l:l Uncertain routes for solid biomass
Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31

Properties of Pyrolysis oil ‘

Yield 60-70%

Water content  20-30%

Pyrolysis oil

pH 2-3

Density 1,2 g/cm3
Viscosity/40°C  40-100 cP
Heating value 17-19 MJ/k

Content C 56%
(0] 37%
H 7%
¢ Pyrolysis coke (10-20%)
Doz. Dr. Alfred Ecker Wieselburg, 2011-03-31

Pyrolysis oil Upgrading

Pyrolysis oil HDO
C, %M 54 63 -74
H 7 9-10
o 39 28 -16
H20 25 16 - 2
HHVMJ/kg) 17 25-35

Biomass Pyrolysis oil HDO-Oil FCC
100% 65 26 20

F.De M.Mercader et al, University Twente

Upgrading in FCC plant yields gasoline
but no kerosene and gasoil of good quality
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New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

Which fuels do we need?

Consumption in EU
Consumption world OK+DK: 2005 1600 Mt/a
180 T mtonns/year 2020 1900
160
— Gasoline
140 —+ — Diess=|
120 —+
100 —+
80 —————————————
Srorroko?obd? o gl o o o O Sl o
R R G RC EC R R R R P EsE s S E S
year

Soure” Evosiat

Doz. Dr. Alfred Ecker

Wieselburg, 2011-03-31

Doz. Dr. Alfred Ecker

Diesel- Fuels as Aviation diesel

Diesel(So] FAME NEXBTL GTLIFT

Dichte/15°C 830-840 885 775...785 770...780
Flammpunkt 55..65  >100 >85..80 60..70
Viskositét/40°C 3.4 4.5 335 25.4
Cloudpoint 0.5 0.-15 5..-30 5..-30
Cetanzahl 52 ) >80 80
Destillation10%Vol 230 350 200 210
50%Vol 210 350 290 210
90%Vol 330 350 300 300

FORSCHUNGS

KOOPERATION

30. und 31. Mérz 2011 — Fachhochschule Wieselburg | Zeiselgraben 4 | 3250 Wieselburg

8000
7000 M@ km|  Ajrtraffic growth continues )
~-69,
6000 yearly 5-6%
5000 - //
4000 r
3000 /
2000
1000 7,/
o T T T T -
1960 1970 1980 1990 2000 2010 2020
1990 1995 1998 2007
158 168 178 Mio gal/d
Consumption Jet Al 174, 185 196 :?g “Mn:z tr;a3/a
2010-2020 >2000 Mio to
>6000 Mio to CO2

Wieselburg, 2011-03-31
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New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

Oligo- Jet
and Bio-SPK

in comparison to
conv. JP-8/JetAl

Oligo-Jet from Syngas

FT-Olefins oligomerised/hydrogenated

Bio-SPK from Camelina-Ol

hydrogenated and isomerised

Doz. Dr. Alfred Ecker

Oligo-Jet Bio-SPK JP-8/Jet A1

Specific Gravity/15°C 0,781 0,753 0,804
API1/60°F 49,7 44,4
Flash Point, °C 74 42 51
Freezing Point, °C -78 -63,5 -50
Viscosity/-20°C, cSt 7,2 3,34 4,9
Visciosity/-40°C, cSt 18,4 9,9
Smoke Point, mm 40 22
Existent Gum, mg/100 ml <0,5 <1 0,4
Thermal Stability/260°C

Tube Deposit Rating 1 1 1

Change Pressure, mm Hg 0 2
Copper Strip Corrosion 1a 1a
Total Acid Number, mg KOH/¢ 0,004 0,002 0,003
Hydrogen content, %m 14,8 15 13,8
Sulfur, %m 1} 0 0,04
Distillation

IBP, °C 194 159

10% recovered, °C 202 162 182

20%rec.,°C 206 189

50% rec.,°C 215 186 208

90%rec.,°C 257 226 244

FBP, °C 278 251 265
Cetane Index 61,8 46

Wieselburg, 2011-03-31

N-Paraffin- distribution
45
4 - @ Bio-SPK |—
35 = m Oligo-Jet |
3 lissl . OFT-Jet —
=25 I T oJP-8 |
X 5
1,5 -
1,
05 -
0+—m : SN NSRS A2
7 8 9 10 11 12 13 14 15 16 17 18
C-number

Doz. Dr. Alfred Ecker

Wieselburg, 2011-03-31

Synth.Aviation turbine fuels
JP8/JetA1/JP7

Density/15°C, kg/m3
Heating value, MJ/kg
Hydrogen, %M
Parafiins (N+1s0), %M
Aromatics, %M
Sulfur, ppm

Flash Point, °C
Freezing Point, °C

Doz. Dr. Alfred Ecker

156

Specifications

FTHC FTIPK FT/ICOD Bio-SPK Oligo-Jet JP7 ~ JP8
75 760 779 753 781 779806 775-840
41 4344 43 M4 B7 435 428
15 >145 >145 15 148  >144  >134
100 100 »>% 9 >90
Jhis8 <1 3 > <5
<« <1 <1 < <1000 <3000
45 4257 69 42 74 >60  >38
S <60 <60 63 18 433 <47

Wieselburg, 2011-03-31

—_
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New Ways to Aviation Biofuels
Alfred Ecker, JKU Linz, CEFL

Alternative Processes to Biofuels

Gasifyer

Solid biomass
(Restholz,Stroh,
Pflanzen)

Steam

or/and

Biotreibstoffe

Biogas -

ATO(F/D)=Alcohols to Olefines (Fuels/Distillates)

FT Alcohols
!
| FTTO | | ATO/ATF |
’
Bio- Bio-
Olefines Olefines

Bio-Jet und Bio-DK

Doz. Dr. Alfred Ecker,

Qatar A A

Alternative Aviation Fuels

Tests by Continental Airlines,

Japan's JAL, Air New Zealand and Virgin
on 747s and a 737-800 in 2009

50% JP-8 and 50% Bio-SPK (UOP)

from Jatropha and camelina

Synfuel Nigeria with Bio-SPK of Neste
flight tes oy
PetroSA 2008-02 u..12
Boing/Virgin Test and
Svntroleum Air New Zealand
SASOL Y
Shell
¢ 2005 2010 2015

CEFL/GTI

]

A

China CTL

2011
Lufthansa-Tests

I
Doz. Dr. Alfred Ecker

I I
Wieselburg, 2011-03-31
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Direct use of biomass in FCC-plants
Alexander Reichhold, TU Wien — VT

Vienna University of Technology
Institute of Chemical Engineering

Research Group:
Fluidized Bed Systems and
Refinery Technology

Direct use of biomass
in FCC -plants

Dr. A. Reichhold
DI H. Schablitzky
DI P. Bielansky
DI A. Weinert

TecHniseHe
UNIERSITAT
Wien

-I
—=
-

VENNA

WIiEN Highlights Bioenergy Research, Wieselburg, March, 30-31, 2011

Univenery of
TECHNOLOBY

Content

Catalytical Cracking of Bio Oils

» Based on Biomass: Natural Oils (Rape Seed Oil, Sunflower Oil, Soya
Qil, Palm QOil),Fatty Acids, Used Frying Oils, Animal Fat

» Results from Testruns with an FCC- pilot plant

» Addition of Bio Oils to Vacuum Gas Oil
up to 100 m%:
2 Continuous Cracking of Bio QOils possible?

2 Effects on Products?
2 Effects on the FCC Pilot Plant?

TECHNECNT

e UnrvEnaiar
I Whan
v

)
W I E N | Unvinsiyes

Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Content

Catalytic Cracking of Bio Oils to
Fuels and Monomers for Polymer Industry

» Possibilities of an oil refinery:
» Hydrogenation to split the ester bond
» FCC to crack the big molecules of fatty oils

» After the treatment in the refinery the products appear to be similar to
crude oil products

» No difference in material compatibility
» No biodegradability
» Additives work as usual

TECHNECNT

e UnrvEnaiar
I Whan

Vanma
W I E N | Unvinsiyes

Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011
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Direct use of biomass in FCC-plants
Alexander Reichhold, TU Wien — VT

The Fluidized Bed System

product gas
particle separator 2\
) b flue gas
riser Tl | _ueass

I heating system
o inertgas N,

dry pressured

return flow tube .

regenerator zone l =1

siphon

feed inlet zone inert gas N,

preheating oven

oil- feed

TECHNISCHE

—l, UNIVERSITAT
l Wien

Vienna

W | E N| Unversity or

TEGHNOLOGY.

Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Experimental Setup

O-=ueges >
L\ ventiator

S flare )

natural gas

gas meter

membrane pump.
condensate sample for

— simdist - GC- analyser
ventilator

-HD1

-HD2

flue gas
barrel S0L

gas analysator 1 gas analysator 2
= €0,€0;, 0; NO,NO;

TU[=

e | YA
W I E N | Uninsary os

Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Chemical Composition of applied Oils

» Hydr. Vacuumgas Oil:
( Crude Oil- Product )

Density (20°C) 0.895 g/cm?®
Viscosity (100°C) 6.476 mm?/s
Aromatic Carbons 23.3 W%
Paraffinic and Naphtenic Carbons >70 w% O @
Boiling Range 281°C-588°C
> Bio Oil: — .
o fatty acid
Chain lenght of fatty acids ~ C12 — C22 H,CT0 stearic acid
o}
Boiling Point <300°C _ 7JW/_\/\/\/\/ . .
HE=0 = oleic acid
o
H C—O—JW/W . ) .
2 linoleic acid
glyceride

TU[=

e | YA
W I E N | Uninsary os

Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011
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Direct use of biomass in FCC-plants
Alexander Reichhold, TU Wien — VT

Bio Oil Composition (C12 — C22)

O triple unsaturated fatty acids
100+
O double unsaturated fatty acids
e/ O simple unsaturated fatty acids
0 saturated fatty acids
g
T 60
c
S
g 404
i
0
204 Soy Bean Oil
T s — —Palm Ol
< « - - Rapeseed Oil a
. . . _ = — - -Sunflower Oil e
Rapeseed Oil ~ Soy Bean Oil Palm Oil Sunflower Oil 2 4
3
refined Bio Oil £ 30
E
S 2 P
10
*Source: VFI
F— 1960 1970 1980 1990 2000 2010 2020 2030 2040
—lj wuvekwn Crop Year
I e
VIENNA
WIEN ,llfﬁ"‘n’:"mss;;v“ Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Suggested Reaction Pathes

esters (triglycerides) & carbonic acids (disolved)

De- Carboxylatii/ Ne‘- Oxygenation

{n- Alkanes, n- Alkenes + COZ} [Aldehydes, Ketones + HZO}

[ Vegetable Oil }

Cracking l i Condensation

Gaseous [ Higher Aldehydes, Ketones, add. H,O }
Hydrocarbons + CO L
Aromatisation Cracking
Hydrocarbons Hydrocarbons +H,0

Polymerisation

|
U= -

Vanma
W I E N | Unvinsiyes

Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Cracking- Products (Lumps)

Gas Fraction
Gas Chromatography

" CO, (add. bio oil to VGO)

C,-C, .
e Conversion
Equil.- Catalyst Liquid Fraction
K= My +Mrepars
Gas Chromatography - Mrooq
(SimDist)

VGO Product Gas ® Gasoline (FBP 215°C)
Cracking :> - " LCO (215°C - 333°C) + Residue (IBP 333°C)
) | (Riser)

\- Water (IBP 100°C) (add. Bio Oil to VGO)

Bio oil Coke- G
Combustion Flue %so co. o Solid Fraction
(Regenerator) —) N’O :OT- = Coke (polyaromates)
o 1o

TECHNECNT

TU|E=

Vanma
W I E N | Unvinsiyes

Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011
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Direct use of biomass in FCC-plants
Alexander Reichhold, TU Wien — VT

Cracking- Products (Lumps)

4-Lump Reaction Multi Component Reaction System
System Feed

Gas I - _ ./ Gasoline__ ,_L_CQ_t S

| Comp.D |<—H—| Comp. E |<—H—| Comp. F | :
1 1

1 1
1 1
| Comp. G | i | Comp. H | [N | Comp. | | 1
i1 h !
O N !
dy, _ 2 2
dt - k12,n (Dn Yi k13,n (Dn Yi k14,n CDn Yi
TECHNISCHE
— UNIVERSITAT
I Wien
ViEnnA
INIVERSITY OF - . . )
WIEN TobaaLaY Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011
P y O Conversion
T e T . - m Gasoline
S
80 o - - - - I DGas
- g 3 & 3 £ B LCO+ Resid:
0 g | 9 . afl el © esidue
B Coke
60 o Water
T s
g 50
c
£ 40+
8 =
w I < 2 8 =
30 g = < g 8
204" -
- Onversjo,
10 - Glasoling "
CO+ R
Cok esidue
= T T T Wager
hydr. VGO +20m% +20m%Soy  +20m% +20 m%
Rapeseed Ol bean Oil Pam Ol Sunflower Oil
Feed
THCHMECHT
le Unrvengnar
Whan
Viana
W | E N| Unvinsiyes Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Product Composition

i
B Conversion
> O Gasoline
w0
O Gas
70
T 0 B LCO+Residue
£ = B Water
€ w
=3
2 et H Coke
< o g
n / 3 T B
01 ._ 5 = > /
VGO Rapeseed Soybean oil  Palm il
oil
ThLHwEN]
Unrvengnar
TU[=
Vanna
W | E N | Unvinsay s Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011
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Direct use of biomass in FCC-plants
Alexander Reichhold, TU Wien — /T

Product Composition

TECHNISCHE
—lj UnIversITAT
l Wien
VIENNA
W | E N| Unversity of Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Product Composition

454 " Rapeseed oil

e Soy bean oil
9 4+ Palm oil )
£ E
©
@ l4n O
? 401 109
o) ®©
[2] Ke)
(0] o 8
5 : 5
S Ethene Q
: s s
g 35+ D o
0 20 40 60 80 100
Vegetable oil [m%)]
WIEN 5::‘.:"“” Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011
Product Quality
100{ o+ 4
98 _./—I—' ) 4 | § N
— 96| RON
g’ 94 . gapiseed c.)IiI
92 ° Oy bean ol
= % + Palm oil
= i
MON
g:) 88 A
86 = )
N [ S—
84 T T T T T
0 20 40 60 80 100
Vegetable oil [m%]
E FORSC H U N GS m :::‘.’::"“ o Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011
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Direct use of biomass in FCC-plants
Alexander Reichhold, TU Wien — VT

Product Quality
700
= Rapeseed oil

= 6004 ¢ Soybeanoil ¢
£ 4+ Palm olil
> 500+
8 400- ’
75 o
S 3001 .
© - .
= 200-
@)

0 20 40 60 80 100

Vegetable oil [m%]

UNIVERSITAT
Wien

VIENNA

W | E N| Unwversity oF Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

TEGHNOLOGY.

Conclusions

v

v

The addition of bio oils has no significant influence on the routine operation
of the FCC-plant
It does result in a slightly modified product spectrum

It has to be pointed out that the slight decrease in conversion was mainly
caused by the oxygen content of the feed

The production of up to 12 percent mass water from the oxygen in the bio

oils does not constitute a problem in downstream processing of the products,

since industrial FCC-units utilize steam for fluidization of the riser and the
stripper

The obtained liquid product contained a high octane (RON 99) gasoline
fraction, which is comparable to high quality gasoline pools from traditional
refineries

The obtained light hydrocarbons contained a high percentage of propylene
and ethylene — so the FCC process further offers a possibility to produce bio
polymers without supporting the greenhouse effect.

THCHNGCWT

=) UNIvERSIRY
I Wan
v

anwa
W | E N| bnretsiy s Highlights Bioenergy Research, Wieselburg, March, 30 -31, 2011

Vienna University of Technology
Institute of Chemical Engineering

Research Group:
Fluidized Bed Systems and
Refinery Technology

Thank you for attention

Dr. A. Reichhold
DI H. Schablitzky

DI P. Bielansky
DI A. Weinert
fr— Togwpone
I , Llwﬂ\"\:ﬂille
e T Highlights Bioenergy Research, Wieselburg, March, 30-31, 2011
TechsaLomy
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Status and prospects for microalgae as raw material for third generation biofuels
Martin Mohr, ecoduna

eceduna

© ecoduna®

ecological solutions

eceduna
ecoduna productions GmbH

ecoduna is the European eceduna - =
innovation leader in algal !
photo bioreactors,

Ecoduna has been several
fold awarded for its
outstanding technology.

Tomorrows renewable resources

The company was funded
2008 by Franz Emminger
and Martin Mohr,

changed into an Austrian
limited company (GmbH) in

2010 and reinforced by O e 2 ] 6o
Energy Park Bruck as core
investor

© ecoduna®

ecological solutions www.ecoduna.com

eceduna

TREE OF LIVE

Excavata- Includes
Euglena /—\
/ ) J §) \; '?‘ Rhizaria- odd

Green & Red

Algae and
Land Plants @

things!
i

Animals and

fungi LA% * .
A

D E FO RSCH U NGS g,:&:ﬂ:ﬂi www.ecoduna.com
KOOPERATION

Brown Algae & relatives

30. und 31. Mérz 2011 — Fachhochschule Wieselburg | Zeiselgraben 4 | 3250 Wieselburg 165



Status and prospects for microalgae as raw material for third generation biofuels

Martin Mohr, ecoduna

eceduna’

Products from algae are the most promising renewable recourse

The measured quantity of global biomass from algae is only 0,2%

AP S
Leive
Algae can have a high conversion

Therefore the total annual global biomass from algae adds up to 55%

© ecoduna®
ecological solutions www.ecoduna.com

eceduna’

© ecoduna®
ecological solutions www.ecoduna.com

eceduna

Mio Jahre

© ecoduna® -
ecological solutions www.ecoduna.com
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Martin Mohr, ecoduna

eceduna

2y

First 7000 years 200 Y. till do day

© ecoduna®

ecological solutions

eceduna’

There are thousands of specie of algae to start the breeding process.

www.ecoduna.com

« Algae can divide within hours, up to1000 generations are possible within 1 year.
« Genetic selection will help to quicken up the and advance the process additionally
- GMO

© ecoduna®
ecological solutions www.ecoduna.com

eceduna

6CO, + 6 H,0 + 6 (9.4 moles photons (quanta)) = C; H,, O, + 60, (eq. 1)
PE = (2808 KJ mole™" of glucose/ 209 KJ x 9.4 mole photons x 6) x 0.45 = 10.7 %

World map of algae biomass productivity (t ha! year')

(at 10% photosynthetic efficiency and 23 MJ kg™ dry biomass)

© ecoduna®

ecological solutions www.ecoduna.com
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Status and prospects for microalgae as raw material for third generation biofuels

Martin Mohr, ecoduna

eceduna’
‘ PHOTOSYNTHESIS RATE TO LIGHT INTENSITY

The ecoduna technology avoids
the disadvantages of other
processes in the utilization of

Photo limitation  Photosynthesis Photo inhibition

100

light. ’§ e
T wo

K]
- 70
Light from the sun is diluted from £ o0
80.000 down to 1.500 — 2.500 3 50
lux irradiation, the optimum for g w0
algae growth. T
F
10

80,000lux / 2,500lux = 32 \rradiation

By diluting the sunlight by the factor 32, ecoduna is obtaining the optimal light-density for algae growth.

© ecoduna®

ecological solutions

®
eceduna

To understand the significance of photo-bio-reactors, the most
important terms are photo active volume and trophogenic zone

Only the trophogenic zone matters, all the rest volume only
expands costs

www.ecoduna.com

———P———

XY

© ecoduna®
ecological solutions

eceduna’
TROPHOGENIC ZONE; PHOTO ACTIVE VOLUME

www.ecoduna.com

Ponds must have a certain depth to puffer temperature, pipes are of a
certain diameter because of material and assembling costs.

Both systemic approaches neglect the ideal form for light integration

© ecoduna®

ecological solutions www.ecoduna.com
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Status and prospects for microalgae as raw material for third generation biofuels
Martin Mohr, ecoduna

eceduna’
[ TRACKNGTHESUN |

4‘\‘-;—~-»,., .
= S .= 42008 ecoduna

© ecoduna®
ecological solutions www.ecoduna.com

(]
eceduna

— :\ Mmim r\'ﬂ"" . _A\«

Algae biomass

Photo Bio Reactor

U
2449
Carbon dioxide
© ecoduna®
ecological solutions www.ecoduna.com

eceduna’
TECHNIQUE, HOW DOES IT WORK

/ Oxygen
P A
N PP r“ﬁ«'
‘ Algae biomass
t Photo Bio Reactor
~ 100% Photoactive Volume
SIS
LE 5
|:| E FO RSCH U NGS g,:ﬁ:ﬂ:ﬂi www.ecoduna.com
KOOPERATION
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Status and prospects for microalgae as raw material for third generation biofuels

Martin Mohr, ecoduna

eceduna
(P

2007 was the year of the highest fuel consumption; 8,36 Mil tons*

The total area needed of fuel production for Austria would be 8550km2
(30 times the Neusiedler See, if open Pond is used)**

r 855. ha

- 43.ha

Only 2 times the
Neusiedler See, if
ecoduna PBR are
used

* BMWA 2009
** Prof Spitzer, IEA Graz 2011

© ecoduna®

ecological solutions

(]
eceduna

At present he cost estimate is at approx. 4-6 €/litre

www.ecoduna.com

Price [ kg

200 $/kg

Medicine, cosmetics

Nutrients, biochemical

50 $/kg

Bio plastics, lubricants

1$/kg Energy use

Valuable biomass can support the fuel production by
cascading use of total biomass in a bio- refinery

© ecoduna®
ecological solutions www.ecoduna.com

eceduna

The European Union has
granted ecoduna a
substantial fund under the
“Competitiveness and
Innovation Framework
Programme” (CIP).

cip

ecoduna will build and run the second
largest photo  bioreactor unit for
microalgae in in the west, from September
2011 on in Bruck an der Leitha

Volume 90.000 litres

© ecoduna®

ecological solutions www.ecoduna.com
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Status and prospects for microalgae as raw material for third generation biofuels
Martin Mohr, ecoduna

eceduna’
| FocusProduktDHA

Docosahexaenoic acid (DHA) is an omega — 3 fatty acid.
In chemical structure, DHA is acarboxylic acid with a 22-carbon chain

DHA is a major fatty acid in sperm and brain .
phospholipids, particularly in the retina. %"x
Dietary DHA may reduce the risk of heart ‘t‘ ¢

Disease by reducing the level of blood
triglycerides humans. k ‘.Q.

Low levels of DHA have been associated with ¢ Q. & & Q'
, it,%
¢

Alzheimer disease.

The market of omega 3 fatty acids nutrition products has exceptionally
grown over the last years (24,3% annually), predicted to reach 1,6 bill$ in
2014 in Europe and there is no reason conceivable why this dynamic
trend should stop.

(Frost & Sullivan, 2008).

© ecoduna®

ecological solutions www.ecoduna.com

eceduna’

eceduna

Algae photo bioreactors will
ideally being build next to a
carbon emitting industry.

Understanding COz2 as a
resource and utilise it for
Biomass production.

A Base for renewable
chemical products and a
renewable energy sources,
not conflicting with food
production

D E FO RSCH U NGS g,:&:ﬂ:ﬂi www.ecoduna.com
KOOPERATION
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eceduna

‘ Lizenz ?

55 of the top 100 global Clean-Tec cooperates are located in the USA
14 of the 100 are specialised on BIOFUELS specialised.
In last two years there was vast investment placed in the industry

»$ 14.500.000.000,-- ($14.5 bill)

USDA
rural
development

DAVOS 2011

The future of biofuels in the e o o
state ISRAEL could be given - Biofules i
a significant boost by a ESIOrs 0 P

INS2bn ($560m) programme ) fEVRON Investment
to reduce its dependence on Technology e
foreign oil in 2011, which was VeTtures

funding
announced by Israel’s Prime AURORA EXXON-MOBIL
biofuels Algae Biofules

Minister Benjamin Netanyahu
www.ecoduna.com

SEEPEG
200m€ griine

in September 2010

© ecoduna®

ecological solutions

eceduna

THANK YOU FOR YOUR ATTENTION, YOUR QUESTIONS ARE WELCOME

© ecoduna®
ecological solutions www.ecoduna.com
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Algae for energy — Identification of the most promising algal-based pathways in Austria

FORSCHUNGS
KOOPERATION
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TU

WIEN

bicenergyzao+

anneum.at

WW W

JOANNEUM RESEARCH

Forschungsgesellschaft mbH

Algae for energy
Identification of the most promising
algal-based pathways in Austria

Maria Hingsamer, Gerfried Jungmeier, Kurt Kénighofer,
Naomi Pena, Reinhard Rauch, Guinther Bochmann,
Bernhard Drosg, Dina Bacovsky, Andrea Sonnleitner

Wieselburg, 31. 03. 2011

RESEARCH

0

LTYATYATY
VW W WY

Content

1.

2.

3.

4.

Project
“Algae — A future renewable energy source? — Current status and
future perspectives for the Austrian energy system”

Selection of algal utilization for energy production in Austria
Algae species for energy production
Cultivation, harvesting and processing

Conversion technologies for energy production

Identification of the most interesting algal-based pathways for
Austria

First project results

INNOWATION aus TRADITION

JOANNELUM

at

nneum

Content

1.

Project
“Algae — A future renewable energy source? — Current status and
future perspectives for the Austrian energy system”

INNOWATION aus TRADITION
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Algae for energy — Identification of the most promising algal-based pathways in Austria

Maria Hingsamer, Joanneum Research — Resources

JOANNEUM

Content of the project

Funded by:

RESEARCH

joanneum.at

WWW.

IS

JOANNE

Intended results

RESEARCH

= |dentification of promising technologies for algae :
production (cultivation, harvesting, processing,

m Determination of potential role of algae in Austria‘s
energy system with scenarios for 2020 and 2050

m Determination of potential of algae to reduce 2
- -.;greenhouse gas emissions and substitute fossil energy

i;, = Estimation of the future potential of algae to contrlbute
to Austrian energy and climate targets p

~ .---_“COnS|derat|on of the possibility of COz—sequestrahéﬁ
= |dentification of R&D to _plcs pr— -
'“\w__‘_\r_f
5 INNOWATION aus TRADITION

conversion technologies) L

Project — key data

= Project partners:

@Ku bioenergy2020+
WIEN

= Program:
3 call ,Neue Energien 2020¢

= Financing partner:

CrCIeN

= Project duration:
18 month (May 2010 — October 2011)
INNOVATION aus TRADITION

~
O
-
D
=
~
~
D
B
-
=
-3
=
=

o

1
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JOA

RESEARCH

at

anneum

WW W

4

Content

2. Selection of algal utilization for energy production in Austria
= Algae species for energy production
=  Cultivation, harvesting and processing
= Conversion technologies for energy production

INNOVATION aus TRADITION

RESEARCH

um

inne

A

Overview —
Pathways biorefinery

, H,0, .. .
Cultivation and harvesting

Processing

Conversion

Distribution

- INNCVATION aus TRADITION

Bioenergy

JOANNELUM

RESEARCH

Innel

Algae species for energy
production

= Numerous algae species
Focus on microalgae
No consideration of
macroalgae

m Selection of algae species
for specified applications
Criteria e.qg.

Productivity
Environmental conditions
Resistance

Harvesting possibilities

Source: http

lle.html

INNCWATION aus TRADITION
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Algae for energy — Identification of the most promising algal-based pathways in Austria

Maria Hingsamer, Joanneum Research — Resources

Cultivation methods

Inputs: water, CO,, nutrients, “thermal comfort”
(heating, cooling)

Fermentation Tanks

Closed Phatobioreactars

Open ponds

f
]

Photobioreactors 9%
= Fermenter

Hybrid systems

Integrated systems

Open Ponds

Source: U.S. DOE 2010. National Algal Biofuels Technology Roadmap. U.S. Department of Energy,
Office of Energy Efficiency and Renewable Energy, Biomass Program

| 10 INNOVATION aus TRADITION

Production, harvesting and
processing: selection for Austria

RESEARCH

Production Harvesting Processing

Flocculation- Thermal drying
Flotation
Photobioreactor . .
. Oil extraction
Flocculation-

Sedimentation

Centrifugation

Thermal starch
extraction

Integrated bio-
fixation systems
(waste water treatment)

11

JOANNELUM

Conversion technologies:
Selection for Austria

RESEARCH
Biochemical Thermochemical " |Mechanical/chemical
conversion conversion conversion
Ethanol

Esterification
fermentation

fermentation Refinery processes 5

Hydrothermal Biodiesel
: processes
Bioenergy
_| Biogas/Biomethan
9= | Materials

Electricity | Chemicals

Heat Fuels from refinery |~ Fertilizer

12 and hydrothermal Feed
processes Food

1

E
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Algae for energy — Identification of the most promising algal-based pathways in Austria
Maria Hingsamer, Joanneum Research — Resources

JOANNEUM

Content

RESEARCH

nneum.at

3. Identification of the most interesting algal-based pathways for
Austria

a

WWW.|O
IN

-
=

INNCOVATION aus TRADITION

4 groups of algae species

Oleaginous microalgae

m

at

Waste water grown algae

WWW.joonneu

-
'S

INNOWATION aus TRADITION

Groups of algal-based pathways

biorefinery
Nr. | Algal group Short term
. . 1a: Esterification
1 | Oleaginous microalgae i
1b: Refinery processes

© | 2 |Starchy microalgae 2: Ethanol fermentation
P . ) ) 3a: Methane fermentation
1 | 3 |High-yield microalgae
- 3b: Hydrothermal processes
= 4a: Methane fermentation
-~ | 4 |Waste water grown algae
2 4b: Hydrothermal processes

-
o

INNOWATION aus TRADITION

E FORSCHUNGS
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Maria Hingsamer, Joanneum Research — Resources

|dentified algal-based pathway
groups for Austria

RESEARCH

R EE

3b, 4b

Hydrothermal
processes

| 3a, 4a
Methane fermentation

CO H,0,
- M Cultivation and harvesting ;4. _______

Upgrading Combustion

1a 1b

|Ester|f|cat|on | Refinery PrOcesses
Biodiesel Hydrogenated
biodiesel

JOANNELM

y

. Electricity »Advanced
Biomethane T

Bioethanol

Algal-based pathway group 1a

RESEARCH

¥

Cultivation and harvesting L. _______

CO,, H,0,
nutrients

Methane fermentation

‘ Upgrading ‘ ‘ Combustion ‘

Electricity
and heat

Biodiesel Biomethane

Methane fermentation

Combustion

‘ Upgrading

Refinery processes

Hydrogenated
biodiesel

Biomethane

Electricit FORSCHUNGS
and heat DE KOOPERATION
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Algal-based pathway group 2

CO,, H,0, A -
Cultivation and harvesting L. _______

Methane fer

Upgrading

‘ Combustion

Electricity
and heat

Bioethanol Biomethane

JOAN M

G
RESEARCH

Algal-based pathway group
3a and 4a

smm

CO,, H,0, P ‘ -
Cultivation and harvesting ]T _______

Processing

3 3a, 4a

Methane fer tati

‘ Upgrading ‘ Combustion ‘

Electricity
and heat

Biomethane

RESEARCH

Algal-based pathway group
3b and 4b

-

CO,, H,0, A ‘ S}
T Cultivation and harvesting |

30. und 31. Mérz 2011 — Fachhochschule Wieselburg | Zeiselgraben 4 | 3250 Wieselburg

3b, 4b

Hydrothermal

processes

»Advanced
Fuels“
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Algae for energy —
Maria Hingsamer, Joanneum Research — Resources

JOA

|dentified algal-based pathway
groups for Austria

m s mmoemm

*

|Ester|f|cat|on | Refinery processes

l Cultivation and harvesting [¢ L = — — — — —
| 3a, 4a

Methane fermentation

3b, 4b

Hydrothermal
processes

Upgrading Combustion

B|od|ese| Hydrogenated
biodiesel

y

»Advanced
Fuels*

Electricity
and heat

Biomethane

Bioethanol

RESEARCH

Content

inne

Wy W
>

First project results

INNCVATION aus TRADITION

JOANNELUM

RESEARCH

First project results

m.c

nneu

WOy

VWV WV

mainly photobioreactors are relevant for Austria

= optimal and efficient use of algae: biorefinery for bioenergy and

biomaterials

long way to commercialisation

key motivation for current R&D-activities: biodiesel from algae
algae not suitable as fuel for combustion, gasification, pyrolysis
siting: where CO, is available

R&D demand: cultivation
harvesting
hydrothermal processes

expert workshop on 16" March 2011: agreement on pathway
selection for Austria

next steps:
assessment: energy balance, average demand, costs,
environment

INNCWATION aus TRADITION
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Algae for energy — Identification of the most promising algal-based pathways in Austria
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TU

WIEN

bicenergyzao+

Maria Hingsamer, Joanneum Research — Resources

at

anneum

WWW

JOANNEUM RESEARCH

=g ia

Forschungsgesellschaft mbH

1 . f ¥
bk ‘
CEES _
WA (
S
Source: http://Wilk igb.fraunhofer.de/www/presse/bilder/downloag@bis 2000

Maria Hingsamer

maria.hingsamer@joanneum.at
www.joanneum.at

Elisabethstralle 5/1
8010 Graz, Austria
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HYVOLUTION - Biological Production
of Hydrogen from Biomasses:

Process Balances and Process Integration

Walter Wukovits , Domenico Foglia, Anton Fried|

Vienna University of Technology, Institute of Chemical Engineering,
Getreidemarkt 9/166-2, 1060 Vienna, Austria

wwukov@mail.zserv.tuwien.ac.at

Highlights der Bioenergieforschung
March 31st, 2011, Wieselburg, Austria

LAERY  www.thvtat

Project Structure

HYVOLUTION

Non-thermal
production of
pure hydrogen
from biomass

| wessystom intogration | ewisien | | Eaory anaeen |

/& ]

WP 2 WP 3 WP 4

1 hi  Photo- Gas
= Ol vl ] IP, 6th FP
2006 — 2011

14 M€ budget

] www.hyvolution.nl

| wawmm [oesesmmin | [ Dovemonien |
| WP T Training | Extemal traneg Intermal irainng |

rs

Project Partne

. + 22 Partners
—11 University
—2 Research Intitutes
—9 Industry/SME

* 13 Countries
-10 EU
—Turkey
—Russia
—South Africa

. wee e *2 Partners from
Austria (TU-

Wien,
Profactor)

South Africa

I Biuolulion
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HYVOLUTION - Biological production of hydrogen from biomasses: process balances and process integration
Walter Wukovits, Domenico Foglia, Anton Friedl, TU Wien — VT

Project Objectives / Project Goals

» Selection of suitable feedstock and development of dedicated
pre-treatment procedures

 ldentification of bottlenecks for hydrogen production in
microorganisms

» Optimization of fermentation conditions and scale-up of bioreactors
* Development of gas-upgrading concept
» Detailed mass, energy and exergy balances of overall process

» Plant layout, process control concept as well as risk and safety
analysis for Hyvolution plant

« Estimation of hydrogen production costs
» Environmental and socio-economic impact of Hyvolution plant

IB‘»‘olulu)n

Process Simulation / Process Integration

* Process simulation to provide
— Mass balances
— Energy balances

* Integration of single process steps to
HYVOLUTION process to
— Maximize product output
— Minimize energy demand
— Minimize cost

» Selection of the optimum route for overall
HYVOLUTION process by applying
— Process simulation and exergy analyses
— Process integration and pinch technology
— Process engineering
— Cost estimation

I Ptuolmion

HYVOLUTION — Overall Process

Feedstock

Gas
r Upgrading
Organlc @
Thermophilic
) Fermenter

= F;’r:‘::ter \
111 1 E)

| | CH,,06 + 2 H,0 — 2 CH,COOH + 4 H, + 2 CO, |
CH,COOH + 2 H,0 + light - 4 H, + 2 CO,

— lE FORSCHUNGS
s it KOOPERATION
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Walter Wukovits, Domenico Foglia, Anton Friedl, TU Wien — VT
HYVOLUTION — Overall Process

-
Water Heat Cooling

= L] Y W

Ferm

Feedstock [P Demand | Demand Demand
[t/h] [MW] [MW] > E>
PSP 173 5.5 3.5
Molasses 198 4.7 2.2 @
» @ Plant Capacity of > m
60 kg/h Hydrogen / 2 MW thermal power
Non- >

S

| CgH,,06 + 2 H,0 — 2 CH,COOH + 4 H, + 2 CO,
CH,COOH + 2 H,0 + light — 4 H, + 2 CO,

Integration Options

Feedstock

n 48884

Biomass
Pretreatment

8248 Y

11844

Increase of Non
Substrate Ferm
Concentration Y
| il
| External recirculation | | Internal recirculation |

!

volution ! _!l _

Assumed Process Conditions (Engineering)

Plant capacity 60 kg/h Hydrogen
Hydrogen purity 97 % (vol)
Feestock PSP, Molasses,
Thick Juice, Barley Straw
Gas-Upgrading VSA
Hydrogen losses 10 % (vol)
Substrate conversion to Hydrogen THF / PHF 80 /60 % (wt)
Substrate conversion to Cell Mass THF / PHF 15/15 % (wt)
Substrate losses THF / PHF 5/5 % (wt)
Temperature THF / PHF 70/30°C
Substrate concentration THF / PHF 10 g/l Sugar / 40 mM Acetate
pH THF / PHF 6.5/7.3
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Walter Wukovits, Domenico Foglia, Anton Friedl, TU Wien — VT

Limitations — Osmolality in THF

1,80 I i 10 g/l glucose
el 40 mM HAc
T 140 4&— B
£ 120
£ 100 | - -
5 u'sn I A * Internal recirculation
B oce | o PHF
£ 040 ' yd * External
$onlS-gocamp——=r-o--r =< recrculation
0,00 - : | PHF => THF
NoReduction  30%Red. Dil.  60%Red. Dil.  90%Red. Dil. . Restricted su bstrate
Water Water Water concentration
T e |+ FOGLS oD et
<o L ] A . .
40 mM HAC 200 mM HAc 100 mM HAc Integ ra_tlon reaCtor
outlet/inlet

I B‘volm ion, .
=l .

Intermediate Results - Integrated Process (1)

All cases below Osmolality limit!
300 (0.24-0.29 Osmol/kg H,0) — 3000

250 2500
200 - 2000
Ow " . _

150 =3 1500

IR N

~ ~

I~

100 5 1000

Total Water Demand [t/h’
Total Heat Demand [kW'

€ === - R Eiz \.
50 \R\B 500
0 T T 0
No Reduction 30% Red. Dil. 60% Red. Dil. 90% Red. Dil.
Water Water Water
—{J Water Demand ~=0-—Heat Demand
—@— PSP —®— Molasses

~—®— Thick Juice
a fYT e

Intermediate Results - Integrated Process (2)

_ 100% 2300
S o0% \\ 2100 E
-
£ 80% 1900 £
oy l€i=mimim.o. - — - —-H g
£ 70% _—__B_.::E—:ﬁs—ﬂifl7oou
< 60% B= - 1500 'g
T 50% 1300 £
[ e~ —_— 3
> 40% ® 1100 g
\
g 30% %00 3
w
S 20% 700 ©
© [
F 10% 500 &
0% T T T 300
No Reduction 30% Red. Dil. 60% Red. Dil. 90% Red. Dil.
Water Water Water

—{ Hydrogen Yield ~=0-Feedstock Demand (dm)

—@— PSP —®— Molasses

~=0—Thick Juice

dt= e B EVAVGE
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Actual Results — ,Engineering“ Parameters

PSP Thick Juice Molasses Barley
Straw
Feedstock Demand t/h 17.6 1.1 1.5 1.9
Water Demand t/h 74.6 80.4 80.7 93.0
Heat Demand MW 0.92 0.74 0.74 0.96
Enzyme Demand kg/h 0.93 - - 629
KOH Demand kg/h 335 310 265 333
Buffer Demand kg/h 273 250 221 283

Assuming no heat demand in PHF
Rearrangement of Heat Integration

“Engineering” Assumptions:

— Conversion PTR: PSP 90% / Barley Straw 45%
— Conversion to H, in THF: 80%
— Conversion to H, in PHF: 60%

VOIuIIDn _

Comparison Molasses (Eng. / Real)

Molasses Mol Mol
(Eng.) (Real/wild)  (Real/hup-)

Feedstock Demand t/h 1.5 1.6 13

Water Demand t/h 80.7 109.0 71.6

Heat Demand Mw 0.74 0.89 0.74

Enzyme Demand kg/h

KOH Demand kg/h 265 403 310

Buffer Demand kg/h 221 337 221
Conversion THF (%) : 80 > 85 > 85
Productivity THF (mmol/I*h): 20 > 16 > 16
Conversion PHF (%) : 60 > 40 > 70
Productivity PHF (mmol/I*h): 05 > 06 > 09

o _

Simulation / Integration - Summary / Outlook

* Process Simulation allows a clear view of the potential of
HYVOLUTION process

» A proper recirculation setup allows reduction of water demand
without comprising the osmotic pressure

» Recirculation improves heat balance and overall biomass to
hydrogen conversion

* Heat integration in THF and PTR reduces considerably
the heat demand (by 85% and 30%, respectively)

» Improvment of productivites in both fermentors
* Reduction enzyme (Barley Straw) and chemical demand
» Covering heat demand from residues

e _
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Status and prospects for pure plant oil as transport fuel
Josef Rathbauer, FJ-BLT

Developments for Pure Plant Qil, Biodiesel and Biogas
Chair: Kurt Pollak, New Energies and Strategies

Status and prospects for pure plant oil as transport fuel
Josef Rathbauer, FJ-BLT

Status and prospects for pure
plant oil as transport fuel

Josef Rathbauer
Kurt Krammer, Rudolf Zeller

HBLFA Francisco Josephinum
BLT - Biomass Logistics Technology
Rottenhauserstr. 1, AT 3250 Wieselburg
Tel.: +43 7416 52175-0, Email: josef.rathbauer@josephinum.at
Website: http://blt.josephinum.at

J. Rathbauer et al., 110331, Highlights der Bioenergieforschung; Wieselburg BI_T
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Vegetable oil production

| Cleaning / Drying; opti(inally Milling resp. Hulling |

PRESSING

v v ¥

| Sedimentation | | Filtration | | Centrifugation |
[ | |

Safety filter

| Cleaned vegetable oil |

y

Press cake (Expeller)

Widmann B., 1999

J. Rathbauer et al., 110331, Highlights der Bioenergieforschung, Wieselburg BI_T
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Status and prospects for pure plant oil as transport fuel

Josef Rathbauer, FJ-BLT

il

=

Small scale
oil press

J. Rathbauer et al., 110331, Highlights
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Vegetable oil cleaning
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Status and prospects for pure plant oil as transport fuel
Josef Rathbauer, FJ-BL

Comparison of properties o N ED

Properties of different fuels for diesel engines

Unit | Diesel | RaPe- | Rapeseed-
seedoil | oilmethylester

Calorific value MJ/kg 42 .4 37,6 37,2
Density at 20°C kg/dm®* | 0,83 0,92 0,88
Calorific value per vol. MJ/I 35,2 34,6 32,7
Viscosity at 20°C mm?/s 5 70 7,2

Flashpoint P.M. ‘C > 55 > 220 >100
Ignitability CN > 51 -—- > 51

JQdLJdJ‘ et al., 110331, Highlights der Bioenergieforschung), Wieselburg| m BLT

Kinematic Viscosity: DK, RO, RME

240
220*
200
180 \
160 \

140 \i —a— Diezel
120 —=— Rapsdl 01-192
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= s
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il 10 20 30 40 a0 =] 70 a0 0 100

Wizkoxtit in mnris

Temperstur in "C

w7

Standardisation

Parameters and limits for pure vegetable oil fuel

Parameter Unit Ost. Kraftstoff- DIN V 51605: 20_06-07
Verordnung, 11/2004 Rapeseedoil

Density at 15°C kg/m? 900 to 930 900 to 930
Flashpoint P.M. “C =220 2220
Kinematic Viscosity at 40°C mm?/s <38 <36
Net Calorific Value kd/kg >35.000 > 36.000
Ignitability - - =39
Conradson Carbon Residue % <04 <04
lodine Number g1/100g 100 to 120 95 to 125
Sulfur Content mg/kg <10 <10
Total Contamination mg/kg <25 <24
Acid Value mg/KOH/g <2,0 <2,0
Oxidation Stability h 25 26
Phosphorous Content mg/kg <15 <12
Content of Mg & Ca mg/kg -—- <20
Ash Content % <0,01 <0,01
Water Content % <0,075 <0,075

J. Rathbauer et al., 110331, Highlights der Bioenergieforschung, Wieselburg

'mm 38
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Status and prospects for pure plant oil as transport fuel
Josef Rathbauer, FJ-BLT

Standardisation
DIN 51605: 2010-09
Fuels for vegetable oil compatible combustion engines - Fuel from rapeseed oil - Requirments and test methods
Parameter Unit . Limit
min. max
. . q free from visible contaminations and
Visual inspection - sediments and free water
Density at 15°C kg/m? 910,0 925,0
Kinematic Viscosity at 40°C mm?/s - 36,0
Net Calorific Value MJ/kg 36,0 -
lodine Number g1/100 g - 125
Acid Value mg/KOH/g - 2,0
Flashpoint P.M. °C 101 -—-
Ignitability - 40 -
Oxidation Stability at 110°C h 6,0 -
Total Contamination mg/kg - 24
Sulfur Content mg/kg - 10
Phosphorous Content (till 31st Dec2011 | 1st Jan2012)| mg/kg - 12]3,0
Content of Mg & Ca (iill 31st Dec2011 | 1st Jan 2012) mg/kg - 20] 1,0 each
Water Content mg/kg -— 750
J. Rathbauer et al., 110331, Highlights der Bioenergieforschung;, Wieselburg
FEE 9

Engine Adaptation

Which sytem is the best?

J. Rathbauer et al., 110331, Highlights der Bi
mEm 10

ioenergieforschung;, Wieselbu

Use of vegetable oil in farm tractors

Adaptation Systems and Suppliers

One tank systems (Z 18):
Waldland VWP 11; Hausmann 6; E-oil 1;

Two tanks systems (Z 20):

Graml 12; Elsbett 3; Rapstruck 1; Jedinger 1;
Green power 1; Gruber 1; Peck 1

J. Rathbauer et al., 110331, Highlights der Bioenergieforschung; Wieselburg| FlJ B I_T D E ﬁggSPCEEXTI\IISEI

Em 11
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Status and prospects for pure plant oil as transport fuel

Engine oil

Soot and rapeseedoil content from 1-Tank-systems
approx. twice the values from the 2-Tanks-systems

B o
Average 1,15% 11,61% 6,13% 0,86% | Average
Median 0,91% 11,90% 5,20% 0,47% | Median
Maximum| 4,50% 24,00% 21,30% 5,90% [Maximum
Minimum 0,07% 0,30% 0,10% 0,03% | Minimum
Number 95 89 55 64 Number

Fuchs’ statement: Up to 200 operating hours the
engine oil quality was alright.

el 12

Performance and Emissions

PO
DK

eforschung; Wi

Performance and Emissions

Change from Diesel to

-co | (-11%)
- HC o (-50%)
-PM . u (-33%)
— NOx T (+11%)

Comparison final with initial results:

« CO T (+22%)
« HC =) (-3 ...-9%)
*« NOx = (-6 ... -7%)
E FORSCHUNGS ghts der Bioenergieforschung; Wieselburg BLT
KOOPERATION [=mm
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Status and prospects for pure plant oil as transport fuel
Josef Rathbauer, FJ-BLT

Chances & Challenges

* Simple decentralized oil mill technology available
* Animal feed (food) and fuel production

Transport fuel during crises

Developing countries

Framework conditions

Diesel engine technology — optimisation of the
emissions values for diesel fuel

er Bioenergieforschung, Wieselburg B I_T
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Biomethane for CNG and Grid Injection using Membrane Processes:
NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT
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Biomethane for CNG and Grid
Injection using Membrane Processes:
New Developments and Technology
Rollout

Michael Harasek
Vienna University of Technology
Institute of Chemical Engineering

michael.harasek@tuwien.ac.at

Task 3 9 Highlights der Bioenergieforschung

IEA Bioenergy Wieselburg, 31.03.2011

Agenda

= Short intro — why biogas upgrading?
= Quality issues
= Gas permeation process
= Scale-up to pilot and full scale - process
integration
=  Two-stage grid injection (Bruck/Leitha)
=  Single-stage CNG production (Margarethen/Moos)
= Energy demand
= Biogas pretreatment (desulphurisation)
= Costs

=  Technology roll-out & future

Biomethane using Membrane Processes: New Developments and Technology Rollout 2

Introduction

Why biogas upgrading?

: Standardlsed prog,gg}rfh)'lﬂpgmhﬁpg.('corpp‘atrble
with natural gas) [

_-' Fligh=ér efficiencies in energy ut|I|$at|o t a h
conventional gas ehglnes wlfhout h

2 Access to new markets 'th@gas}g

oy £

Biomethane using Membrane Processes: New Developments and Technology Rollout 3
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Biomethane for CNG and Grid Injection using Membrane Processes:
NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT

Biogas Composition and Gas Grid Standards

¢ [Methane (CH.) 50 - 65 >97 [%]
: [carbon dioxide (CO2) 25- 45 <20 %]
%e Aﬁ{rﬁb‘r{i'a‘(ﬂ”ﬂ'""""" -------- é-fb-dd ------- ----ié-cﬁ-nq’eén;r-ﬁé-e-----[I_-I_I-g-frﬁ!]-..-
Hydrogen sulphide (HzS) < 2.000 =5 [mg/m?]
Oxygen (Oz) =2 =05 [%]
~INirogen (M) eeeeeeeeeeerdheeennnnn. L ITTTTTIITY (RTTTTTeT $Fereccnsnne [%].eoes .
: Jwater (H.0) - Dewpoint <37 @1 bar s-8beid0bar  |°C]
%e lji’-pueul:“euéii-l{ﬁé-\:;iﬁé ------------ 6- ..?.:.8.‘:1 -------------- 1 'dj":'q'z'l'g ------- kﬂ},},’-,;:" .
[Wobbe-Index 6,9-95 13,3-157 kWh/m?

OVGW G31 defines natural gas, OVGW G33 specifies grid injection
standards for biogases

Biomethane using Membrane Processes: New Developments and Technology Rollout 4

Upgrading of Biogas using Gas Permeation (GP)

= Separation principle: different permeabilities of methane
and components to be separated.

= |mportant parameter: permeability ratio = selectivity.
= After compression biogas is fed to membrane modules.

CH, CO, H,0 H,S NH, N, O, {p(F):

biogas ) ) methane

DL e L
;
3

membrane
(polyimide

=) CO,-rich permeate
Hollow fibres) p(P)

Biomethane using Membrane Processes: New Developments and Technology Rollout 5

Membrane Test Equipment at TU Wien

CEERTIER
= S}

Preparation of CO,/CH,/N, gas mixtures with mass flow controllers
Thermostatic chamber

Industrial NDIR gas analyzer for CO, and CH,

Test control, visualization and data collection using a PLC with HMI/SCADA
system

Biomethane using Membrane Processes: New Developments and Technology Rollout 6
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Biomethane for CNG and Grid Injection using Membrane Processes:

NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT

m Pilot Test Equipment at TU Wien
* Mobile pilot plant for flexible treatment of many gas mixtures including H,
* Magnet-coupled two-stage piston compressor (up to 15 bar, 0-6 m3h)
» Fully automated upgrading plant for remote operation (industrial PLC)
» 3 adsorberfillings in series
» Cryo condenser
* Reheater
» One/two stage membrane separation with/without gas recycling
* NDIR online continuous gas
Biomethane using Membrane Processes: New Developments and Technology Rollout 7
Compression Energy Consumption per m* Product
2
18
Bicgas: 60% CH4
16 Biomethane: 98% CH4
2-stage upgrading
2-stage polytropic
& 4 plabsolute) = 10 bar
2T kappa= 1,3
: E 12 (Compressor efficiency: 0%
2 é Mechanical efficiency: 80%
W=
ge 1
=2
Ee
og 08
Pl T
: Economically feasible plant design :
O RIS I TR NN S
04
0.2
0 . .
80 85 %0 95 100
Biomethane recovery [%]
Biomethane using Membrane Processes: New Developments and Technology Rollout 8
Membrane Area as Function of Recovery
400%
A50% Biogas: 60% CH4
Biomethane: 98% CH4
2-stage upgrading
300% 2-stage polytropic compression
—_ p(absolute) = 10 bar
# kappa=1,3
g 250% Compressor efficiency: 80%
: Mechanical efficiency: 90%
e
E 200%
£
o
$ 150
=
5
o
© q00%
85 150
Biomethane recovery [%)]
Biomethane using Membrane Processes: New Developments and Technology Rollout 9
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Biomethane for CNG and Grid Injection using Membrane Processes:
NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT

Process Scheme of a Two-stage Membrane System

= Two-stage separation process with recycle and a
single compressor

Product
Gas
H;S-Adsorber - o Bicmethane
* 3 CH, rich
o @
» &
@ ]
=4 =
g g
o F-1
E E
@ @
Compressor Reheater
Offgas
.
5 rich
H;0 (NH;) Recycle CO; ric
Biomethane using Membrane Processes: New Developments and Technology Rollout 10

Biogas Upgrading Plant in Bruck/Leitha (Austria)

Biomethane using Membrane Processes: New Developments and Technology Rollout "

Process Integration (Two-stage design)

= Biological desulphurisation prior to membrane treatment

= Permeate is recycled to CHP plant — ,,zero methane*
emission of upgrading system

Biomethane using Membrane Processes: New Developments and Technology Rollout 12

1

E

FORSCHUNGS
KOOPERATION

198 Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



E

FORSCHUNGS
KOOPERATION

Biomethane for CNG and Grid Injection using Membrane Processes:
NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT

Energy Consumption Analysis

* Main energy consumer of upgrading is the raw biogas
compressor.

* Energy demand for constant product gas quality and quantity

depends also on raw biogas methane content.

» Effect of plant layout (number of stages) on energy consumption:
* Two stage gas grid injection plant: 0,378 kWh/m3*STP of product gas
¢ Single stage Bio-CNG-plant: 0,280 kWh/m?*STP of product gas

* Energy consumption of <0,2 kWh/m?* STP of raw biogas possible!

* Related to the methane content of the produced biomethane gas

stream:
* Two stage gas grid injection plant: 3,2% (98,1vol% CH4)
* Single stage Bio-CNG-plant: 2,8% (96,1vol% CH4)

* All values are valid for a product gas delivery pressure of about
3 bar(g).

Biomethane using Membrane Processes: New Developments and Technology Rollout 13

w Biomethane Fuel Station: Single Stage Upgrading

High Pressure

High Pressure 002 _— CH4
Storage Compressor -‘—’\?'?c/} QQ—H?P‘?:
[ |
\,: _| / Product Gas Biomethane

CH, rich

Membrane Modules

In Case of Low Product Quality

Compressor Freeze Dryer

] Hu| Offgas

CO; rich
Biomethane using Membrane Processes: New Developments and Technology Rollout 14

Biomethane Fuel Station using Membrane Technology

m3/h biomethae
‘ )

= Permeate recycle to CHP plant

= Further information: www.methapur.com
Biomethane fuel station Margarethen/Moos

Biomethane using Membrane Processes: New Developments and Technology Rollout 15
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Biomethane for CNG and Grid Injection using Membrane Processes:
NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT

m Process Integration (Margarethen am Moos)

Compression
cHP F Adsorptive H,S
Gas Engine nm —® Removal

Recycle | Offgas Utilisation

= In-situ desulphurisation (addition of iron salts into the
fermentation broth to catch suphides)

= Permeate is recycled to CHP plant — ,,zero methane*
emission of upgrading system

Biomethane using Membrane Processes: New Developments and Technology Rollout 16

Costs for CO, Separation

Calculations by Fraunhofer Institut UMSICHT (2008)

A -Z Excellen :
— | or membranes o @Flstech  BMT Energis ~~

204- - S UM |

“spezinische Kosten [tk R T
o
=

s s
© Fraunrcrer UMSICHT 2008

H 250 500 1000 1500 2000
et Ny
Biomethane using Membrane Processes: New Developments and Technology Rollout 17

Offgas Treatment & Costs

= Offgas treatment depends on process integration:
¢ Mixing with biogas and utilisation in CHP plants

* Thermal oxidation (flameless oxidation systems or direct
combustion of low-cal gas)

¢ Catalytic oxidation
¢ Further treatment using additional membrane separation stage

= Specific costs of upgrading (depends on plant
capacity):
* Investment (depreciation 10 years, 8%):
0,05 - 0,08 €/m* biomethane
* Operation (> 8000 h/a):
0,10 — 0,14 €/m?* biomethane

Biomethane using Membrane Processes: New Developments and Technology Rollout 18
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Biomethane for CNG and Grid Injection using Membrane Processes:
NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT

Compatible Desulphurisation Technologies

Compatible:

= External biological desulphurisation in combination
with pure oxygen injection

= |n-situ desulphurisation using iron salts

= External chemical scrubber with oxidation using
NaOH/H,0,, recommended for fluctuating H,S
concentrations in the biogas

= Adsorptive desulphurisation technologies with low
excess of O, (impregnated activated carbon
adsorbents)

Not suitable / incompatible:
= Air injection
= External biological desulphurisation with air injection .

Biomethane using Membrane Processes: New Developments and Technology Rollout 19

w Reference Plants

In operation:
= since 2004: Pilot plants (up to 6 m%h
biogas, Vienna University of Technology)

= 2007: Bruck an der Leitha (180 m®h biogas,
100 m*h biomethane)

= 2007: Margarethen am Moos (80 m*/h Ll L
biogas, 35 m*/h bio-CNG) I

= Start-up 05/2010: Kil3legg / Baden- :
Wirttemberg, Germany (500 m?®h biogas)

Start-up:

= Feed-in operation starts in 03/2011:
Wiener Neustadt (220 m3/h biogas)

Axiom Angewandte Prozesstechnik GmbH

caxiom

Biomethane using Membrane Processes: New Developments and Technology Rollout 20

Recent Start-up of First AXIOM Plant in Germany

=

=g

= Capacity 500 m*/h biogas, 300 m3/h biomethane, approx. 8 km
pipeline for grid injection and high pressure compression to 60 bar

Biomethane using Membrane Processes: New Developments and Technology Rollout 21
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Recent Start-up of First AXIOM Plant in Germany

Biomethane using Membrane Processes: New Developments and Technology Rollout 22

Recent Start-up of First AXIOM Plant in Germany

Membrane modules

Biomethane using Membrane Processes: New Developments and Technology Rollout 23

Recent Start-up of First AXIOM Plant in Germany

Biomethane using Membrane Processes: New Developments and Technology Rollout 24
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Biomethane for CNG and Grid Injection using Membrane Processes:
NewDevelopments and Technology Rollout
Michael Harasek, TU Wien — VT

“ Further Information...

= Contact & WWW:
michael.harasek@tuwien.ac.at
www.virtuellesbiogas.at
bio.methan.at

= Technology (turn key plants):
Axiom Angewandte
Prozesstechnik GmbH
office@axiom.at

saxiom

Wiener Neustadt (Lower Austria)

Thank you for your attention!

Biomethane using Membrane Processes: New Developments and Technology Rollout 25
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Environmental assessment of biomethane injected into the gas grid
Johanna Pucker, Joanneum Research — Resources

JOANNEUM RESEARCH
Forschungsgesellschaft mbH

szerCD

ENERGIEAgentur

Environmental Assessment of Biomethane Injected into

the Gas Grid
Qu
Johanna Pucker, Gerfried Jungmeier, Christian Leonhartsberger,

Daniel Schinnerl, Jan Bleyl

Transportation Biofuels Research in Austria 2011

Wieselburg, 2011-03-31

The work for this presentation was conducted in the Austrian project “Biogas“ which is financed by the

Austrian “Klima- und Energiefonds” and is carried out within the framework of the programme
“Energiesysteme der Zukunft’.

Content

7
RESEARCH

Background information

Project ,Biogas Gesamtbewertung®

Modeling

Results

Conclusions

Emissions

in Agriculture in Austria

= Greenhouse gas emissions (2008): e Lo
= 8.8% of total GHG emissions  fustria's National |

= 72% of total N,O emissions

» Use of fertilizers on agricultural soils
= 62% of total CH, emissions

» Enteric fermentation

» Manure management

= Air pollutants (2008):

= 92% of total NH; emissions
» Livestock breeding and manure management
» Use of fertilizers on agricultural soils

E FORSCHUNGS :
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Environmental assessment of biomethane injected into the gas grid
Johanna Pucker, Joanneum Research — Resources

RESEARCH

JOANNEUM
222

,Biogas Gesamtbewertung”

Grazer
ENERGIEAgentur

Production gaseous fuels

Environmental, economic and socio-scientific assessment of
biogas from the gas grid used as transport fuel and in
stationary applications

Work packages

N o g b~ wfN

Econo

o L ol
T=ororTicll

ction and fermentation

e energy services

Social science analysis of framework conditions for implementation

Analysis of agricultural and energy policy

Energy market perspectives of biomethane

Macro economic analysis: employment, fiscal and foreign trade balance

The project is financed by the Austrian “Klima- und Energiefond” and is carried out within the
framework of the program “Energiesysteme der Zukunft’.

Overview biomethane path

Biomethane/ Gas Grid

Natural Natural gas Natural gas
gas processing transport
raction

Feed- Trans- N Biogas N Upgrading |_
stock port plant Injection

JOANNEUM

RESEARCH

Clean
biogas

Usage gaseous fuels

Fuelling N
Heating
system

Investigated production paths

= 15 different production paths investigated
= Results presented focus on 5 production paths

Name Biogas Upgradin
B Feedstock production| -Pdracing
[Capacity injection, share feedstock] [Nm#/h] technology
600 Nm?®h_85% energy crop rotation+15% manure corn, triicale, green rye, 1,500 pressurized water
sunnflower, cattle manure washer
foul food, lecithin, grease
400 Nm*h_100% residues seperator, sugar beet 800 gas permeation
residues, vegetable residues,
kitchen residues
130 Nm*h_52% Int. crop rotation+6% straw + 43% corn straw, sgnflower strayv, . .
manure* clover gras silage , corn silage, 450 amine gas treating
green rye silage, pig manure
5 o o pressure swing
22 Nm¥h_50% gras+50% manure gras, cattle manure 45 adsorption (PSA)
20 Nm*h_25% pig manure+75% cattle manure cattle and pig manure 45 pressure swing

adsorption (PSA)

206

8

* future technology

1

E

FORSCHUNGS
KOOPERATION

Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



E

FORSCHUNGS
KOOPERATION

Environmental assessment of biomethane injected into the gas grid
Johanna Pucker, Joanneum Research — Resources

I'?EEN?CH
Greenhouse gas emissions
100%
80%
6% Acidification
Fossil primary aox potential
energy use o
0%
Particulate Ozone creation
Emissions potential
Content
RESEARCH
]
[ ]
= Modeling
[ ]
]
10
Biomethane systeme Natural gas
600 Nm?/h_85% energy crop rotation + 15% manure | Passenger car
1
Cultivation 1 Cultivation | Extraction |
Corn Winter barley
Sunflower Corn
Triticale Pea
Green rye I Winter wheat
1
Collection Storage + ;
Pig manure Application @E
| Transport I !
Digestat.
Biogas @
prodygction I::I
Upgrading 1 Transpor
. Import !
Biomethane Winter wheat + :
. Winter corn +
Compression Pear from :
e !
ranspol
P 1 Filling station
E——
T Passenger car
Transportation service
1km
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Environmental assessment of biomethane injected into the gas grid
Johanna Pucker, Joanneum Research — Resources

JOANNEUM
e

w/ﬁ Content

RESEARCH

= Results
. Greenhouse gas emissions
biomethane as transportation fuel
mCco2
Petrol acHe 250
‘E Diesel BN20 203
'S
Natural gas 221
600 Nm?/h_85% energy crop rotation+15% manure 38
P 400 Nn?/h_100% residues B3
g 130 Nm*/h_52% Int. crop rotation+6% straw+43% 86
manure*
22 Nm?/h_50% gras+50% manure -4

20 Nm*/h_25% plg manure+75% cattle manure- 522

-600 500 400 -300 200100 0 100 200 300
Greenhouse gas emissions [g CO,-eq/km]

13

* future technology

GHG reduction potential
with 200,000 bioCNG vehicles

200,000 bioCNG vehicles
2020 goal

RESEARCH
= 100% biomethane
= 0.66 [kWh/km] (EURO 6 passenger car) Energy Strategy Austria

= 14,000 [km/year]
- 6.7 [PJ Biomethan / Year]

v
ﬁ - Reduction: 0.4 bis 2 Mio. [t CO,-eq.]
g
S 100.000 -
2
£
3 50.000
2006 2008 2010 2012 2014 2016 2018 2020
14 -+ CNG Vehicles (CNG + CNG/Petrol)

=+ linear
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Environmental assessment of biomethane injected into the gas grid
Johanna Pucker, Joanneum Research — Resources

Biogas CHP
Y versus biomethane CHP

RESEARCH

350

—e—Biomethane CHP - 85% energy crop rotation +15% manure
Biogas CHP - 85% energy crop rotation + 15% manure
300 1 —=—Bjomethane CHP - 100% residues

Biogas CHP - 100% residues

250
200
150 4

100 4 Biomethane CHP
+ Biomethane CHP

50 1 - Biogas CHP

0

GHG [g CO,-eq/(kWh electricity+heat)]

1 0.9 0.8 0.7 0.6 0.5 0.4 0.3
no heat usage maximum heat usage
1 kWh electricity

0 kWh heat

Acidification potential
biomethane as transportation fuel

Petrol

Diesal

Fossile

Natural gas

600 Nm?/h_85% energy crop rotation+15% manure

400 Nm*/h_100% residues

manure*

§ 130 Nm*/h_52% int. crop rotation+6% straw+43%

22 Nm?/h_50% gras+50% manure

20 Nm®/h_25% plg manure+75% cattle manure

FORSCHUNGS
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* Future 1ncl;||:|nlow &3 2 4 0 1 2 3 4

Acidification [g SO;-eq/km]

Ozone creation potential
biomethane as transportation fuel

RESEARCH

Natural gas

600 Nm?/h_85% energy crop rotation+15%
manure

400 Nm?/h_100% residues

manure*

g
E 130 Nm/h_52% int. crop rotation+6% straw+43%

22 Nm?/h_50% gras+50% manure

20 Nm*'h_25% pig manure+75% cattle manure

* Pulure techmology 0,4-0,2 0,0 0,2 0,4 0,6 08 1,0 1,2

17

Ozone creation potential [g C,H,-eq/km]
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Environmental assessment of biomethane injected into the gas grid
Johanna Pucker, Joanneum Research — Resources

Conclusions

RESEARCH

Comparison of biomethane to natural gas:

=Environmental effects are almost independent from
type of energy service

=Greenhouse gas emissions
= Reduction in all cases (-56% to -400%)
= Higher reduction with liquid manure than with energy crops
(-90% to -400%)
= When residues are used reduction depends on reference use
of residues with its products

= Acidification potential

= Increasing or decreasing — depending on the feedstock

= Highest impact: NH; emissions from digestate and manure
management

Conclusions

RESEARCH

= Ozone creation potential
= Increase or decrease possible (+ 280% to -145%)

= Particulate emissions

= Higher compared to fossil systems for most cases (+5% to +650%);
one case shows a reduction

= Lower compared to renewable system if solid biomass is used for
heat generation (-55% to -95%)

= Fossil primary energy demand
= Reduced in all cases (-60% to -100%)

20

RESEARCH

Wiy & it

W #,

Questions... ?

Johanna.pucker@joanneum.at

21
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Emissions in the engine combustion of biofuels and fuel mixtures
Jirgen Blassnegger, TU Graz — VKMB

Highlights der Bioenergieforschung - Campus Wieselburg 30. bis 31. Mérz 2011

BioE - Emissions from the engine combustion of biofuels
and fuel mixtures

The project “BioE — Emissions in the engine combustion of biofuels and fuel mixtures” received financial assistance
from the German Federal Ministry of Food, Agriculture and Consumer Protection (BMELYV) through the Agency
for Renewable Resources (FNR) as part of the development program for renewable raw materials.

J. Blassnegger, Institut fiir Verbr i und Ther ik, T i Universitiit Graz
M. Knauer, M. Carrara, R. NieBner, Lehrstuhl fiir Analyti Chemie, Tt i Universitit Miinch
J. Kunze, Lehrstuhl fiir Chemisch-Technische Analyse und C| i Li i ie, T
Universitiit Miinchen, 85350 Freising, Weih Steig 23, D d
K.-W. Schramm, Department fiir Biowi: liche Grundl T i Universitit Miinchen, 85350
Freising, Weih h Steig 23, D d & Institut fiir Okologische Chemie, Helmholtz Zentrum Miinck
85764 Neuherberg, i Landstr. 1, D
R e e
TUG e Wieselburg '
BioE — tasks

The project examined the limited (CO, HC, NO,, CO,, particle mass) and not
limited exhaust emissions (PAK, particle number, mutagenicity) of a EURO V
HDYV with SCR system and of a STEP III A tractor engine operating on different
kinds of fuels.

Test fuels

* Diesel fuel max. 10 ppm Sulfur (ECE - Fuel)

* Biodiesel (FAME) according to EN 14214

* B10 (10% FAME, 90% diesel fuel)

* B7 (7% FAME, 93% diesel fuel)

* B7+3 (3% plant oil hydrotreated, 7% biodiesel, 90% diesel fuel)
« Plant oil according to V 51605

Wieselburg U

il T

TUG

BioE — test vehicle

HDV EURO V

6-cylinder turbodiesel, common rail system, 324 kW/1900 rpm

Exhaust gas aftertreatment
SCR- System (Oxikat und SCR Kat)

Plant oil system with 2 tanks

Variation - diesel- or plant oil operation
established criteria

Engine speed >900 rpm, coolant temperature >60 °C,
fuel temperature >60 °C

Wieselburg W

E FORSCHUNGS il UM
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Emissions in the engine combustion of biofuels and fuel mixtures
Jurgen Blassnegger, TU Graz — VKMB

BioE — test engine

STEP III A tractor engine

6-cylinder turbodiesel, common rail system, EGR, 124 kW

Plant oil system (mono-tank-system)
Fuel heating system, plant oil application

ﬂ TUTE=2 Wieselburg U=.r
BioE - measuring program
EURO V HDV: ESC - European Stationary Cycle

FIGE Cycle

The FIGE cycle was developed by the FIGE Institute, Aachen, Germany based on real road cycle measurements of
heavy duty vehicles (FIGE Report 104 05 316, January 1994). For the purpose of engine certification/type approval,
the ETC cycle was developed out of the FIGE dataset.

STEP III A tractor engine : NRSC - Non Road Steady Cycle
NRTC - Non Road Transient Cycle

Wieselburg U

TUG

BioE - sampling PAH und carbonyl

» sampling of PAH and carbonyl at the end of the
dilution tunnel

» at particle boundet PAH und Nitro-PAH >
quartzfilament filter (& 70 mm)

+ gaseous carbonyl = gas washing bottle

TUG

Wieselburg U
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Emissions in the engine combustion of biofuels and fuel mixtures
Jirgen Blassnegger, TU Graz — VKMB

BioE - sampling for mutagenicity test

Ih
23 rm—FL

1 Entnahmestelle

2 kiihlbare Sonde

2a & 2b Wasseranschliisse

3 Waschflasche mit Toluol und Wasser
4 XAD-Kartusche

5 Filterhalter

6 Kiihlfalle

7 Anschlussstelle fiir die Pumpe

—» Richtung des Gasstroms

» composite sample sediment / condensate
 acording to VDI-Norm 3499, extra condensation trap
» sampling out of raw exhaust gas

Mutagenicity test: AMES-test (Maron und Ames, 1983)
Salmonella typhimurium TA98 und TA100

Wieselburg

c!n

BioE — results, limited emissions

HDV EURO V particle mass emissions

0.120
B diesel
0.100 m B7
E B10
0.080 O B7+3
— B100
A\Eﬁ 0.060 @ plant oil
=]

TUG Wieselburg

BioE — results, limited emissions

STEP III A tractor engine NO, emissions
8.00

7.00

3.00
2.00
1.00 1 plant oil
0.00 - A TNs="777
NRTC NRSC
H TUG e Wieselburg U
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Emissions in the engine combustion of biofuels and fuel mixtures

Jurgen Blassnegger, TU Graz — VKMB

BioE — results, particle number

STEP III A tractor engine, particle number

[#/KWh]

4 50E+19

B diesel
4.00E+19 m 87
3.50E+19 - 5 B10
3.00E+19 - o ams
: B100
2.50E+19 4 @ plantoil

2.00E+19 1

1.50E+19 |

1.00E+19

5.00E+18 -

0.00E+00 A

NRTC NRSC
TUG Wieselburg U

BioE — results, particle size distribution

T.60E+07

] STEP III A tractor engine
1.40E+07
‘\ NRSC No.: 5

1.20E+07 H 100% Last
_ 1425 U/Min  diesel
T 1.00E+07 s —
S B10
& 8.00E+06 L B7+3 —
£ l . B100
Z 6.00E+06 . plantoil ||

4.00E+06 \

2.00E+06

0.00E+00 4 ‘ :

100 120 140 160
TUG Wieselburg 0

BioE — results, PAH

¥

|
|
. 7l mi i
Fom) - T
| ==
& .,‘:' J j“of
EURO V HDV STEP
FIGE Cycle
NRSC

I A

tractor engine

gk M

TUG

Wieselburg
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Emissions in the engine combustion of biofuels and fuel mixtures
Jirgen Blassnegger, TU Graz — VKMB

Ergebnisse — results, NITRO PAH

I 1,5-Dinitronaphtalen
= 1-Nitronaphthalen

“ 80 =1 2-Nitronaphthalen

T ' 2-Nitrofluoren

=3 =3 3-Nitrophenanthren
= B 1,6-Dinitropyren

[ 1-Nitropyren

< [ 3-Nitrofluoranthen

z mmm 7-Nitrobenzo(a)antracen
g 409 B 6-Nitrobenzo(a)pyren
z

Nitro-PAH-Konz. [ng/m]

EURO V HDV STEP III A
FIGE Cycle tractor engine
NRSC

Wieselburg

o,
mw«h‘-l&'“
v

TUG

BioE — results, carbonyl

00
180 - 200+
o 160 -
o

Camenylkeaz. [mgim’]
8 ¥

Carbonylkonz. jmg'm?)

e 8 888 S

- .é-" - .

o+ e & & S ;Iéf L o5 o
. Py e"’fg"if

[ Formaldehyd

[ Acotaldohyd

I Acrolein

I Acetan

[ Propronaldely
| [ Crotonaidety

EURO V HDV STEP IIT A
FIGE Cycle tractor engine

NRSC
#TUG T2 el G

Wieselburg

BioE — results mutagenicity EURO V HDV

Indirekte Mutagenitit EURO V LKW
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Emissions in the engine combustion of biofuels and fuel mixtures

Jurgen Blassnegger, TU Graz — VKMB

BioE — results mutagenicity STEP III A tractor engine

[ st W00 1500 ew 2500 Fee

Hewertanter prc m*

BIOONRIC
B100 NRSC |
8713 NRSC
87+3 NRSC

BT+INATC

BIONRSL
BIONRSC |
BIONRTC

DK NRTC

B7 NRSC

B7 NRSC —
B NRIC

0 1000 I000 3000 4000 5000

Revertanten prom®

Mutagenitiiten von TA98

Mutagenititen von TA100

'

TUG

BioE - summary

Fre] e
Wieselburg U

The results for limited gaseous emission components derived from the
measurement series correspond to a large extent with the results from previous
measurements.

Concerning the emission components NO, and particulate mass, which are
critical for diesel engines, increases (NO,) and decreases (particle mass) occur
when biofuels are used.

An increase in PAH in emissions for both test vehicles was found for operation
with vegetable oil.

No significant change in emissions could be detected for nitro PAHs in the
tested EURO V HDV with SCR system. For the STEP III A tractor engine, the
use of biofuels and fuel mixtures thereof resulted in a significant reduction of
nitro PAH emissions.

As for polycyclic aromatic hydrocarbons and carbonyl compounds results
showed that their emissions are influenced by the use of biofuels. Both
increases when biofuels are used.

' m:

Wieselburg U

TUG

BioE - summary

In the mutagenicity analyses (AMES tests), there was no evidence of direct
mutagens for the EURO V HDV engine used. However, an increase in
premutagens was found for vegetable oil used in the test strains TA98 and
TA100. The difference to the reference fuel diesel was not clear though.
Similar effects were found for the tested STEP III A tractor engine, although
the revertant level proved to be much lower in this case.

216
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Emissions in the engine combustion of biofuels and fuel mixtures
Jirgen Blassnegger, TU Graz — VKMB

BioE - cross references

The same results, at least in terms of the trend, as well as deviating results in
mutagenicity tests with vegetable oil from other projects are being discussed
at the moment. A proposal for standardizing the collection of samples is
currently being worked out in a follow-up project in order to be able to run
standardized evaluations and comparisons of future results of test series
from different research projects and institutions.

Wieselburg W

TUG

Highlights der Bioenergieforschung - Campus Wieselburg 30. bis 31. Mérz 2011

BioE

Emissions from the engine combustion of bio fuels and
fuel mixtures

Thank you for your attention!

Wieselburg U

TUG
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Emissions in the engine combustion of biofuels and fuel mixtures
Jurgen Blassnegger, TU Graz — VKMB
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Impact of oxygenates in diesel fuel blends on engine emissions andcombustion properties
Philipp Teiner, TU Wien — IFA

March 31, 2011 — Highlights der Bioenergieforschung — Wieselburg

Impact of Oxygenates in Diesel Fuel Blends
on Engine Emissions and Combustion Properties

IFAD

Institute for Powertrains
& Automotive Technology

“v & TECHNISCHE
UNIVERSITAT

z WIEN

0 M V Vienna University of Technology

Philipp Teiner, Bernhard Geringer, Peter Hofmann
Markus Maly, Peter Staub

Institute for Powertrains & Automotive Technology

Impact of Oxygenates in Diesel Fuel Blends
on Engine Emissions and Combustion Properties

Outline

O Introduction and Task Description
O Technical Data of Test Engine

O Chemical Analysis

O Combustion Properties

O Consumption

O Engine Emissions

O Summary and Outlook

| TECHMIBCHE
I U UNIVERSTTAY Highlights der Bioenergieforschung
WIEN Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties
WIE N Vienms Laiearsin of Toarssiogy 31.03.2011 | Wieselburg | P. Teiner | Slide 2

O Climate protection conventions (e.g. Kyoto Protocol)

== Increased utilization of renewable primary products

O EU: Renewable Energy Directive (RED) and Fuels Quality Directive (FQD)
= 10 energ.% biofuels from transport fuel pool

=% 6% green house gas savings

O Currently used substitutes: FAME, BTL or HVO
== Bad quality (viscosity, stability) for higher blends
=% Inadequate raw material base
== Expensive production process

=% Maximum 7 vol.% FAME approved by car manufacturers

WIEN Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties

KOOPERATION WIE M| Viesms Lbarsty of T siogy 31.03.2011 | Wieselburg | P. Teiner | Slide 3
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Impact of oxygenates in diesel fuel blends on engine emissions andcombustion properties
Philipp Teiner, TU Wien — IFA

Task Description

O Investigation of new biogenic oxygenates which fulfill ethical, ecological and
economical requirements o
=* Diesel substitute

=% Interaction with FAME containing diesel

Oxygenate

O Design of Experiments of fuel blends 2=

w
=

. FAME
O Investigated oxygenates

=% Glyme, Alcohol, Polyether, Tributylcitrat, Levulinat, Valeriat

O Presented oxygenates
=% Glyme (Tetra-Glyme)

= Alcohol (Butanol)

UNIVERSITAT Highlights der Bioenergieforschung
WIEN Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties
Vienna Unlversity of Technalogy 31.03.2011 | Wieselburg | P. Teiner | Slide 4

Technical Data of Test Engine

Diesel engine N47 D20 U1 (BMW)
Cylinder 4 inline
Bore [mm] &84
Stroke [mm] 90
Displacement [cm?] 1995
Compression Ratio 16
Power [kW] 105 at 4000 [rpm]
Max. Torque [Nm] 320 at 1750 [rpm]
Injection System Common Rail
Turbo Charging \ar. Turbine Geometry
TU e e e L
WL E M Viemma Lnivarsity of Trchusiogy 31.03.2011 | Wieselburg | P. Teiner | Slide 5

Chemical Analysis

O, O, O,
Tetra-Glyme (C4H,,05) H,C ~ V\o/\/ \/\o/\/ N CH,

/\/\
Butanol (C,H,,0) H,C OH
w;m'smel B | ¢ | H |o CH | CN | Denstty | Flash Polnt | HeatValue
[vol. %] [mass %] | E | kem] [c MJikg]
g 0 o | 100 | 8 | 14 | 0 [e14|521| a20 81 435
2 0 18 | 82 |845|135|18 |62 |541| s3es 845 41,055
| 8 2 | o0 [820|134|35|610 (602 s42e 835 41,200
E. Tetra-Glyme
[ 8 16,56 | 7544 | 816 | 13,1 | 48 [ 623 | 6578 | 851 86,5 40,431
[ 8 2 | o0 [8a7|137|18|618 |81 e282 305 42.201
Butanol
8 16,56 | 7544 | 827 | 135 | 32 | 813 | 408 | 8358 385 41,083

TECHMISCHE
TU UNIVERSITAT Highlights der Bioenergieforschung

WIEN Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties
W LE N viemma Lobvarsin of Tochmiogs 31.03.2011 | Wieselburg | P. Teiner | Slide 6
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Impact of oxygenates in diesel fuel blends on engine emissions andcombustion properties

Philipp Teiner, TU Wien — IFA

Chemical Analysis

Tetra-Glyme

o @
S & o©

54

Cetane Number []

o
)

Oxygen [mass %]

Tl UNIVERSITAT
WIEN

W E N vienns Unhversity of Technalogy

Highlights der Bioenergieforschung
Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties
31.03.2011 | Wieselburg | P. Teiner | Slide 7

Combustion Properties

10

™

-

Ignition Delay ["CA]

Loadpoint: 2000 rpm, 15 bar BMEP, 12°CAaTDC

A150% [*CARTDC]

Variation of Al 50% at 2000 rpm and 15 bar BMEP ey

£

S

= 100-

@

8

]

o

k]

z

-100 -} : r
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A150% [*CARTDC)

»Additivation of Tetra-Glyme increases CN j:'
=+ higher and faster net heat release j— B0 521
»Additivation of Buranol decreases CN -- B18 541
= lower and slower net heat release —— | TemwGymn | %2
- . ) X — — | Tetra-Glyme+SFME | 578
>Additivation of SFME has only minor impact — Py Y
on CN and combustion properties - — | eutandl+srme | 490
Tu|mnwn
| unrvERSTTET Highlights der Bioenergieforschung
WIEN| WIEN iy Impact of Oxygenates in gieg;lgﬁl IB‘Iznds ‘z;n Enlgng E_misslicsr;z anﬂd Combustion Properties
| Viema ni o Teerasgy .03.: ieselburg | P. Teiner | Slide
. . CH
Combustion Properties 0
= BO 521
- B1s 541
Variation of Al 50% at 2000 rpom and 15 bar BMEP - Tetra-Glyme 502
e T T — — | Tetra-Giyme+sFME | 572
E ] = Butanol 481
E - Butanol + SFME 499
B
3
[=]
§u
g »Additivation of Tetra-Glyme reduces
5 combustion duration
2: = |ncrease of efficiency
»Additivation of butanol has only minor
= 02 4 - e impact on combustion duration and
> efficienc
E 40 \:‘N_ " y .
3 | . > Additivation of SFME has only minor
& 1 I impact on combustion duration and
| efficiency
kL -
o -] 1o 15 20 25
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Impact of oxygenates in diesel fuel blends on engine emissions andcombustion properties

Philipp Teiner, TU Wien — IFA

. Density | HeatValue c
Consumptlon wam?] | maamgl | (mass )

— B0 820 435 86

Variation of Al 50% at 2000 rpm and 15 bar BMEP |~ ~ E13 Fa8.] e s

— Tetra-Glyme 2429 | 41200 829

Ue - = | Tetra-Giyme +SFME | 851 40.431 816

— Butanal g2 | azam 847

--—|  Butancl + sPME 8358 | 41083 827

»Additivation of oxygenate decreases
heat value
=* Increase of gravimetric consumption
»Additivation of SFME further decreases

heat value
g = Further increase of gravimetric
3 consumption
§ »CO,-emissions dependent on relation

between gravimetric consumption and
mass of carbon in fuel blend

Al'50% [*CAaTDC]
oot oo e IFAD>
Vienna University of Technalogy 31.03.2011 | Wieselburg | P. Teiner | Slide 10 & b ey
- - - - - CN °
Limited Emissions (NO, and Particle) 0 | masesil
— BO 521 o
k] B8 541 1.8
Variation of EGR at 2000 rpm and 1 bar BMEP — TevaGtpre = —
- - —| Tetra-Glyme + SFME | 57.8 48
| Butanel 481 16
_- 8 1 P Butanol + SFME 48.9 32
H
3 4
8 >Additivation of Tetra-Glyme decreases
% combustion duration
o | | = Higher combustion chamber
3 ; temperatures

| = Higher NO,-emissions
i »Additivation of oxygenate and SFME

increases oxygen content

= |
I . o |_ = Reduction of substoichiometric zones
| = Decrease of particle emissions
-
0 - -
o -] 10 15 20 25 30 35
EGR[%]
T | TECHMISCHE
| UNVERSITRY Highlights der Bioenergieforschung
WIEN Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties
W 1LE N Viemss Lnivarsity of Tochssiogy 31.03.2011 | Wieselburg | P. Teiner | Slide 11
[s]
Limited Emissions (CO and HC) mass %]
—_— BO o
.- B1& 18
Variation of EGR at 1500 rpm and 6,5 bar BMEP e Tetra Glyme 35
« T ~_| Tewa-Gyme+SFME | 48
| J— Butansl 16
il - Butanol + SFME 32

_ »Additivation of oxygenate and SFME
| increases oxygen content

5 . . : =*More homogeneous mixture
y | preparation
_ =+ Decrease of CO- and HC-emissions
s 3
3
2
g 2
1 T
|
o -
1] 10 20 0 40 80 &0
EGR[%]
| TECHMISCHE
Tmew Highlights der Bioenergieforschung
WIEN Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties
WL E M| viemma Lobearsiy of Tochuiogy 31.03.2011 | Wieselburg | P. Teiner | Slide 12
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Impact of oxygenates in diesel fuel blends on engine emissions andcombustion properties
Philipp Teiner, TU Wien — IFA

Summary and Outlook

O The additivation of the investigated oxigenates to diesel fuel leads to:
=% a slight decrease of the combustion duration
=% an increase of the gravimetric fuel consumption

== a high decrease of the CO-, HC- and particle emissions

O The additivation of SFME to the investigated diesel-oxigenate blends:
=% has only minor impact on the combustion properties
= increases further the gravimetric fuel consumption

=* leads to a further decrease of the CO-, HC- and particle emissions

O Biogenic oxygenates deliver an ecological alternative as a diesel substitute and
enable a high decrease of the CO-, HC- and particle emissions in combination
with SFME. In this context further investigations (Tributylcitrat, Valeriat,

Levulinat) will be undertaken.

UNIVERSITAT Highlights der Bioenergieforschung ’ FAE
WIEN Impact of Oxygenates in Diesel Fuel Blends on Engine Emissions and Combustion Properties kel x5

Vieona Unhversity of Technalogy 31.03.2011 | Wieselburg | P. Teiner | Slide 13

Thank you for your attention!

IFA®

Institute for Powertrains
& Automotive Technology

Philipp Teiner
philipp.teiner@ifa.tuwien.ac.at

— | TECHNISCHE
1 UNIVERSITAT
WIEN
WIE N vienoa Uinivarsiry of Tachratogy

Institute for Powertrains & Automotive Technology
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Impact of oxygenates in diesel fuel blends on engine emissions andcombustion properties
Philipp Teiner, TU Wien — IFA
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

Biofuels and Sustainability
Chair: Kurt Konighofer, Joanneum Research — Resources

Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources
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Experiences and Lessions Learned of
Applying the GHG-Methodology of the
European Directive to Austrian Biofuel
Plants

Gerfried Jungmeier, Lorenza Canella
Highlights der Bioenergieforschung,

Biofuels and Sustainability
30. - 31. Mé&rz 2011, Wieselburg

JOANNEUM
w)) Outline
RESEARCH
Summary and -
Outlook /
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

This is Biomass for
Transportation Blofuels

: ) ..and this is the Formula for Greenhouse
”’"/) Gas Calculation of Transportation Biofuels

E =
eec + eI + ep + etd+ eu
— €5ca— €ccs — €cer — €ee

[ g Coz'eq/ M Jbiofuel]

| E= (Efossil - Ebiofuel) / Efossil
[ ‘V ] > 35%

HOANNEUM

The Austrain Transportatlon
Sector in 2009

RESEARCH

fransportatlon fuel demand: 331 PJ/a
(domestic passenger cars 128 PJ/a)
Transportation biofuels:

transportation

biofuels, 7.0% \/400,000 t/a biodiesel blending to diesel
v"100,000 t/a bioethanol blending to gasoline
v"100,000 t/a pure biodiesel

gasoline, V' 17,000 t/a pure vegetable oil

22.0%

diesel, 71.0%

Data source: Uba 2010
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

The Austrain Transportation
ector in 2009

JOANNEUM

els:

el blending to diesel

*) assessment factors according to EU-Direktive ,,RED“:
v 2.5 for renewable electricity as fuel

v’ 2 for biofuels made of waste, residues, non-food
crops and lignocellulosic

Data source: Uba 2010

HOANNEUM

We did the Greenhouse Gas
Calculation for

RESEARCH

> Existing bioethanol and biodiesel production plants

» In Austria, Hungary, Germany and Belgium, e.g.
» Pischelsdorf/NO: AGRANA Bioethanol GmbH
» Arnoldstein/K: Biodiesel Karnten GmbH

RESFARCH, .
Life Cycle Assessment (LCA) is a

method to estimate the material and
energy flows of a product (e.g.
transportation) to calculate the

environmental effects in the total ) ehisors

lifetime of the product ,,from cradle to \

Renewable
biotic
carbon
stock

Methodology acc%rding to
ISO 14,040 ,Life Cycle Assessment*

v’ Standard Methodology of K HEM
IEA Bioenergy Task 38 ,,Greenhouse Gas
Balances of Bioenergy Systems* %

v/ JRCICONCAWE/EUCAR:
Well-to-Wheels analysis of future
automotive fuels and powertrains
in the European context

v'EU-Directive on Renewable Energy (RED) | i £ Eeayfow |

aaaaaaaaa
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

Bioenergy system . Reference system with fossil energy

Land use change (LUC)

Fossil

I |
: resource
I | Collection . !
. — Residues 1
] | of residues Reference
: Cultivati e I
ultivation I
! of biomass @ | Extraction of
I | | fossil resource
Lo - - —_—— Production [|= = = = = = = —/~ = = = = =
conventional 1 1
Transport of product : Transport of
feedstock fossil resource

v v

Processing to Producti Processing to
bioenergy carrier 1 roduction fossil energy carrier
| conventional
‘ 1 product ‘
Distribution of Distribution of fossil
bioenergy carrier Co-products of energy carrier
‘ bioenergy l
1 .
Use of 1 Use of fossil
bioenergy carrier 1 energy carrier
1

POANER GHG Calculation accordlng to EU-
"//'///)

E= €ec + el+ep + etd+ €= €sca— €ces —

E= (Efossil - Ebiofuel) / Efo

11 via improved agricult. management;
and geological storage;

gon capture and replacement; and
Om excess electricity from cogeneration.

the manufacture of machinery and equipment shall
not be taken into account Source: EU-Directive on Renewable Energy, Brussel 5. June 2009

Allocation based on energy content of biofuel and its co-products

HOANNEUM

w) . —
//j Process Steps in EU-Directive
RESEARCH
annualized emissions from carbon stock
Cultivation of raw changes caused by land-use change (e))
materials (e,.)
soil carbon accumulation via improved
A agricult. Management (e,)
Transportation
of raw materials (e1.) excess electricity from
cogeneration (e,,)
Co-

carbon capture and

Processing (e;) replacement (e.,)

products

Distribution of carbon capture and
biofuel (€2,y) geological storage (e..)

1kg CO, =1kg CO,-eq,

 Biofuel 1 kg CH, = 23 kg CO,-eq FORSCHUNGS
in use (e,) 1 kg N,O = 296 kg CO,-eq. KOOPERATION
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

JOANNEUM

WE Lessons Learnt

RESEARCH

Energy allocation between biofuel and its co-products
System boundaries for energy allocation and data availability

Emissions from the manufacture of machinery and equipment
shall not be taken into account

Emissions from vehicles are zero

Use of aggregated or disaggregated default or actual calculated
values possible “Cherry picking”

Emisisons from Cultivation data on country level only available as
allocated values to biofuel

e.., = emission saving from carbon capture and replacement
allocation only to biofuel?

Y V V VV VYVYV

Greenhouse gas emissions of gasoline and diesel might be
higher than in RED

*
JOANNEUM

///)E EU-Directive on Allocation Method

RESEARCH

»..... CO-products from the production and use of fuels should be
taken into account in the calculation of greenhouse gas
emissions. The energy allocation method is appropriate for
the regulation of individual economic operators and
individual consignments of transport fuels. The energy
allocation method is the most appropriate method, as it is easy
to apply, is predictable over time, minimizes counter-productive
incentives and produces results that are generally comparable
with those produced by the substitution method. For the
purposes of policy analysis the Commission should also, in
its reporting, present results using the substitution method.

Source: DIRECTIVE 2009/28/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL on the promotion of the use of energy from renewable sources, Brussels,
June 5, 2009

ewcw Typical and Standard Greenhouse Gas
wx//)/ Emissions&Savings of Directive RED

RESEARCH

» ‘actual value’: greenhouse gas emission saving for some or all of the steps
of a specific biofuel production process calculated in accordance with the
methodology laid down in RED;

» ‘typical value’: an estimate of the representative greenhouse gas emission
saving for a particular biofuel production pathway;

» ‘default value’ means a value derived from a typical value by the application
of pre-determined factors and that may, in circumstances specified in the
Directive, be used in place of an actual value.

FORSCHUNGS
KOOPERATION
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

owan Typical and Standard Greenhouse Gas
Emissions&Savings of Directive RED

RESEARCH

> ‘actu
of a spe|
method

> ‘typig
saving f

> ‘defa
of pre-d
Directiv

sugar beet etl
wheat ethang
wheat ethang

wheat ethan
boiler)

wheat ethang
wheat ethang]

corn {maize)
process fuel i

sugar cane et

the part fror
(ETBE)

the part fronj
(TAEE)

rape seed bio

sunflower bi

Biofuel production pathway

Typical greenhouse gas
emizzion zaving

Default greenhouse gaz

emiszion zaving

sugar beet ethanol
wheat ethanol {process fuel not specified)
wheat ethanal (lignite as process fuel in CHP plant)

wheat ethanol (natural gas as process fuel in conventional
boiler)

wheat ethanol (natural gas as proces: fuel in CHP plant)
wheat ethanol (straw as process fuel in CHP plant)

corn (maize) ethanol, Community produced (natural gas as
process fuel in CHP plant)

sugar cane ethanol

the part from renewable sources of ethyl-tertio-butyl-ether
(ETBE)

the part from renewable sources of tertiary-amyl-ethyl-ether
(TAEE)

rape seed biodiesel
sunflower biodiesel

soybean biodiesel

61 %
2%
2%

45 %

53%
69 %

56%

71%

69%

49%

1%

Equal to that of the ethanol production pathway
used

Equal to that of the ethanol production pathway

used
45%
58%

40%

0s

on

RESEARCH

Bioethanol
190,000 t/a

Raw Material

up to 620,000 t/a
- Dry maize

- Wet maize *)

- Sugar sirup (sugar beet)

- Wheat

RESEARCH

Energy Allocation Method —
Bioethanol & DDGS

Animal Feed (DDGS™)
up to 190,000 t/a

230

B

Transportation service

| Cultivation of raw material |
v

| Transportation raw material

Syste

for &

C Animal feed )

1

E

FORSCHUNGS
KOOPERATION

Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



E

FORSCHUNGS
KOOPERATION

Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

Greenhouse Gas Saving
According to EU-Directive

bioethanol 100% -51%
wheat

bioethanol 80%
wheat+20% thick juice

bioethanol 14

bioethanol 100
maize

bioethanol 80% d
maize+20% thick ju

70% -60% -50% -40% -30% -20% -10% 0%
Greenhsoue gas saving according to EU-Directive [%]

Greenhouse Gas Emissions of
Process Steps 100% Dry Maize

RESEARCH - ol
Filling station passenger car Total 244 .0 CO,-eq./a
Distribution 0.02% 7.3%

bioethanol
2.5%

entials:
eq
=] "oz'eq
,~ =298 kg CO,-eq

Transportation
maize
0.6%

Drying maize
9.2%

#rea use: consumer wheat

7
RESEARCH

Biodiesel-Plant in Arnoldstein

Raw Material from
Austria and Neighbour
countries i ]
- waste cooking oil — -

- [ ] ] i
 animal fat e - T
Co-products:
| - Pharmaglycerin
- Raw glycerin Potassium-Sulphate fertilize
- Destillation residues
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

Biodiesel Diesel
Sammlung Sammlung Forderung
Altspeisedl Tierfett H Rohaol

: Transport \
0, Mot g e
Transport Transport s'rZﬁ'ksD;f,Z”f)t : Rohdl
Altspeises| Tierfett 12 Transport
\/ Brennstoff Raffinerie Rohal

: Ausland
0,01% Kalisulfat®)  : v

. . T
Eiodiosel Diingemittel*) RLah?EEg'gg
Anl : oL 8
rage 1,9% Rohglycerin*) {3390 7% :
89,3% Rohstoff Biogas* ...... -Ra,fle.QI.'le- -.----"'
Biodiesel *) - Inland

2,1% techn.
Glycerin *

Chemierohstoff*

| Verteilung Biodiesel |

PKW Biodiesel

*) Energieinhalt fiir
Energieallokation
Energieallokation fur Biodiesel,
”////QE Glycerin, und Destillatriickstand
RESEARCH 1
—!_ | Sammlung Rohstoffe | -
I I
i | Transport Rohstoffe | |
| |
I I
89,3% ] !
Ene_rgie | |
in ] L
Biodiesel / I
| Verteilung B;i;s;{ R ~_ _11:7;Energie in
Neb -
zeugnissen

PKW Biodiesel

Biodiesel

Rohglycerin Technisches Glycerin Destillatriickstand

Gesamtemissionen fir Biodiesel
V//QE aus Altspeisedl&Tierfett (Kat 1&2)

RESEARCH
Transport Altspeised|&Tierfett (Kat 1&2) 09 piesel: 87,1 g COZ-/'\'q/MJ

Veresterung 16,6

HOANNEUM

Verteilung Biodiesel

PKW Biodiesel
Eremmrmssuresmiesmssrsssermsssrssssmsmsrens Gesamt ........................................................ 1 80
Strombedarf Biodieselanlage
Warmebedarf Biodieselanlage | 7,1
Hilfsstoffe Biodieselanlage 8,4
(I) EIB 1IO 1I5 2IO

Treibhausgas-Emissionen [g CO,-Aq./MJg;ogiesel]

1

E
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

Einsparung nach EU-
Richtlinienvorschlag

RESEARCH

5 > 50% ab 2017
b= : H
_8 _ : :
TR
595 -79,3%
208
mo X
o
2
< i >35% ab 2010

> 60% ab 2018 |

-78,3%

Biodiesel Tierfett
(Kat 3)

-100% -80% 60%  -40% -20% 0%

Einsparung nach EU-Richtlinienvorschlag [%]

HOANNEUM

Gesamtemissionen im Vergleich
zur EU-Direktive

16,6
16,6

1

RESEARCH

Emissionen bei der
Verarbeitung

M Biodiesel Altspeisedl&Tierfett (Kat 1&2)
Emissionen bei 24 | MBiodiesel Tierfett (Kat 3)

Transport und . .
M typische THG-Emissionen EU

Vertrieb
m Standard THG-Emissionen EU
Gesamtemissionen 18,0
bei der 18,9
Verwendung von
Biodiesel

- 5 10 15 20
Treibhausgas-Emissionen [g CO,-Aq/MJg;q giesell

Einsparung im Vergleich zur EU-
Direktive

W "Tatsé&chliche Einsparungen" Biodiesel Altspeised|&Tierfette (Kat 1&2)
W "Tatsé&chliche Einsparungen" Biodiesel Tierfett (Kat 3)

W "Typische Einsparung" nach EU-Direktive

W "Standard-Einsparung" nach EU-Direktive

-79,3%

Biodiesel
Altspeisedl und
Tierfett -88%

-78,3%

-100% -80% -60% -40% -20% 0%

Einsparung nach EU-Richtlinie [%]
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

JOANNE

HOANNEUM

< Greenhouse Gas Emissions from

RESEARCH

RESEARCH

umM

Example ,Cherry Picking’

Treibhausgas-
Emissionen der
Verarbeitung

Zuckerriiben

Weizen

Gesamt
(50%, 50%)

Tatséachlich
nach Methode
berechnet

38

Standardwerte
der Direktive

Cherry Picking

Cultivation |

TYPICAL GREENHOUSE GAS EMISSIONS
FROM CULTIVATION OF

AGRICULTURAL RAW MATERIALS

FOR USE AS BIOFUEL AND BIOLIGUID

Dty troe e Rt of Aurwirn
n sccomance with Arice 15(2) of Drecive 200GIATET

j Greenhouse Gas Emissions from
4///)/ Cultivation I

Since the Directive contains no data on the energy density of the products (main

products and co-products) and therefore no fixed allocation code is defined in it — this

depends very much on the specific installations involved in each case — the values

corresponding to the Austrian installation structure were used for the analysis. The data

come from the GEMIS-Austria database. The respective allocation codes are given with

the results.

Cultivation in the f
Crop types Biofuel and bioliquid Standard GHG | Min. GHG Max. GHG B K NO ocC
emission emission emission AT11 | AT21 | AT12 | ATZ

[gC02eq/M] | [gCO2eq/M] | [gCO2eq/M]
Sugar beet Sugar beet ethancl 12 7.46 7.70 X X X X
Wheat (Common) wheat sthanol 23 18.78 20.82 X X X X
Grain maize | Grain maize ethanol 20 8.86 12.54 X X X X
Rape Rape seed biodiesel 29 19.36 2338 X X X X
FPure vegetable oil from 30 20.62 24.06 X X X X

rapesesd

Sunflower Sunfiower biodiesel 18 10.76 13.83 X X X X
Soya bean Soybean biodiese! 19 9.71 12.05 X X X X

Source: Umweltbundesamt 2010

234
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of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

Greenhouse Gas Emissions from

Cultivation 1l

Biodiesel
55%

Vegetable
Oil
56%

Bioethanol
67%

JOANNEUM

eCCI'

In accordance with the energy allocation method, taking into account the Austrian data
basis 54.60%" of the emissions are allocated to biodiesel (FAME) and 45.21% to the
coproducts (the separation is made in the installation at the peoint where the fuel is
produced). This value is independent of the raw materials going into the production

process (rapeseed oil, sunflower oil, ete.).

In accordance with the energy allocation method, taking into account the Austrian data
basis 56.29%" of the emissions are allocated to vegetable oil (VO) and 43.71% to the
co-products (divided up in the installation at the point where the fuel is produced).

In accordance with the energy allocation method, taking into account the Austrian data
basis 67.00% of the emissions are allocated to bioethanol (or ETBE) and 33.00% to the
coproducts (divided up in the installation at the peoint where the fuel is preduced). This
value is independent of the raw materials going into the production process (sugar beet,
wheat, etc.). In the emissions from cultivation no distinction is made with regard to the
limit values according to Directive 2008/28/EC between bioethanol and the bio-ETBE
made from it (see fig. 7).

= emission saving from

"///)/ carbon capture and replacement

RESEARCH

Fermentation

!

Carbon dioxide

e.g. beverage industry

‘ m Bioethanol

Destillation

g

Stillage

» RED: The CO2-benefit shall only be allocated to the biofuel,
not to co-products

> Mistake in Directive or intension to stimulate improvements?

JOANNEUM
=

RESEARCH

Greenhouse Gas Emissions from
Construction and Dismantling

»  RED: Emissions from the manufacture of machinery

and equipment shall not be taken into account

Greenhouse gas saving:

E= (Efossil - Ebiofuel) / Efossil >

FORSCHUNGS
KOOPERATION

=
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Experiences and lessons learned of applying the GHG-methodology
of the European Directive to Austrian biofuel plants
Gerfried Jungmeier, Joanneum Research — Resources

JOANNEUM

7 Conclusions

RESEARCH

Future application of the RED-methodology will
become quicker, more reliable and effective

The analysed biofuel plants are very specific in terms of their
processes, co-products and energy supply, so each plant must be
analysed in detail to get a reliable GHG balance.

The influences of allocation procedure, system boundary setting,
type of co-products and data source are relevant for the results.

All considered biofuel plants reach the minimum GHG saving of 35%, most
of them have a GHG saving between 45% and 55%, one plant up to 80%.

The experiences show that the RED-methodology can be applied to existing
different industrial biofuel production plants.

1

E

FORSCHUNGS
KOOPERATION

236 Highlights der Bioenergieforschung — Nationale und internationale Ergebnisse zu den IEA Schwerpunkten



BioGrace — Harmonising calculations of biofuel GHG emissions
Nikolaus Ludwiczek, BIOENERGY 2020+

3 f gurope
. tons 01 . . _ogin
" onised ; c\:gg Gas Emissio”
a 0
egenh

ue\ B

BioGrace —

Harmonising calculations of
biofuel GHG emissions

in Europe

. Nikolaus Ludwiczek

. BIOENERGY 2020+

. Highlights der Bioenergieforschung, Wieselburg
« March 31, 2011

Intelligent Energy Fope

,E' Gre
Renewable Energy Directive (RED)

Sustainability criteria for biofuels
* Minimum GHG emission savings (Art. 17.2)
- 35%
- for installations that were in operation on 23 January 2008:
binding from 1 April 2013

- 2017 50%

- 2018 60% for new installations
» Economic operators may use (Art. 19.1)

- default values

- actual values calculated according to Annex V.C

- sum of actual value and disaggregated default value
* Independent auditors must check information (Art. 18.3)
» Can be part of voluntary certification schemes (Art. 18.4)

Intelligent Energy Fope

A ‘Typical and defiuir vabie for biaficis f produced wish ma o carso amizion: fom Land-ue change

M i i il e

sugar bsss sthizmol EE 2%

whsas sehunsd |proces fusl nat Soeced L1 e

Ethanol form sugar beet
Typical savings: 61%
Default value: 52%

paim il Bsossazal forocas: et rpacih

pakm oil Siodscl procass with m)
- cT—— Typical savings: 45%
Default value: 38%

hvrotreasad vegecable oil from 1

Rape seed biodiesel >*

tycromsated vegatabi oil from fu

hvéromraatad vegesabla off fram patm

hrommaars egezaiia i fom paim il (prod
ana caphura 2t il el

Purs vegacable oil from rapa ssed

bingas from municioal orpanie wass = somoressad nanural | 0%

E FORSCHUNGS
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BioGrace — Harmonising calculations of biofuel GHG emissions
Nikolaus Ludwiczek, BIOENERGY 2020+

Intelligent Energy o]

ns in EUrORE

ED Annex V.c: Methodology

R

Extraction&
cultivation Land ) Transport&
of raw use FEEEESTE distribution
material change

}‘ l / /‘—/ FiLrl]eI
E—eeC+eI+ep+etd+eu— use

~ €5ca ~ €ccs T €cor T Cee —_—
/ T \ Excess
Soil electricity
Carbon capture Carbon capture from
carbon .
e and and cogenertation
P geological storage replacement

Intelligent Energy Fope

-
o Standard v exgion factors”)

Cultivation of rapeseed Calculated emissions
Yield Emissions per MJ FAME

Rapeseed g CO, g CHy gN,O | gCO; ¢q
Moisture content
By-product Straw

Energy consumption

Diesel 2.963 MJ ha year' 6,07 0,00 0,00 6,07
Agro chemicals

N-fertiliser 137,4 kg N ha'' yea| =» 9,08 0,03 0,03 18,89
CaO-fertiliser 19,0 kg CaO ha' fear” 0,05 0,00 0,00

K,O-f - ]

P05
. parameter: GHG emission coefficient
Pestig unit:  gCOy/kg  gCHi/kg  gN,0/kg  gCO;.eq/kg
2827,0 1 9,6418 | 58806
==

0,00 0,00| 0,10|

Intelligent Energy FOpe

0,06

Harmonised oo
piofue! Gree

Why harmonisation of biofuel GHG calculations?

EXAMPLE: Different results from same biofuel
(same input values but different standard values)

Production of FAME from Rapeseed

Overview Results
Parameter

Production of FAME from Rapeseed

Overview Results

All results in Default values Emission reduction
3 . 9CO0q /M pave RED Annex V.D Fossil fuel reference (diesel)
Nitrogen Fertilizer 83,8 9CO, oM
[GHG emission reduction
P fertilizer 46%
K fertilizer
CaO fertizer (85%CaC03+15%Ca0,Ca(0 e
Pesticides Transport of rapeseed
Transport of FAME
' ) o L Filling station
Diesel (direct plus indirect emissions) Land use change e,
Natural gas (direct plus indirect emissions) €sca t €cor + €ccs

Methanol (direct plus indirect emissions)

1
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BioGrace — Harmonising calculations of biofuel GHG emissions
Nikolaus Ludwiczek, BIOENERGY 2020+

Intelligent Energy :

cjons 1N Europ®
ssio

ations
uwc.w, \Hmru'.‘ o i :

H aentt

'a\q‘.u( | Gre
Project BioGrace

e BIlOfuel GReenhouse gas emissions: Alignment of Calculations in
Europe

o Key objectives are
Cause transparency
Cause harmonisation
Facilitate stakeholders

A

Disseminate results
e Products
1. One list of standard value
2. Excel GHG calculation tool (-> voluntary certification scheme)

3. Harmonised national GHG calculators

Intelligent Energy Fope

of gurope
ng i EY
S [‘ WSt

d Ca
Hdm\cﬂ“ Sat genh! \Ouse

Biofue gl Gre
St
. . % | - a
Project BioGrace AT .
S Swedish
Energy Agency
T‘:\_. ] '_n_‘;
b
e ia: il ]
o o I T r
NL Agency 1 T
Ministry of Economic Affairs -'\
e )

St ey
= bl‘é’gq‘ ~~f0iC 1enea;>gyzo¢[y
SENI:E o r ? — __f'.\‘ P {
F g .

ol Tt S B
T [ ;

11'- _' g ¥

eXergia =
T g T "’

e i

i

Intelligent Energy ot

of - uropé
ed \',:"nru'-‘“"??i Ermissions 10 o
\-‘.d[”‘c"”i’ »enhouse s
. i . : .
giofue! Condensed list of standard values, version 3 - Public

This file gives the standard values as published on www.biograce.net in Word format.

H Two Word versions of this list exist:

O ne I Ist of 1. A complete list of standard values, containing all the values as listed in the Excel version
2. A condensed list showing the most important standard values

This file contains the condensed list.

VLU C T R IRl VT TTOM bbreviations and definitions used can be found in the Excel file on the web page

http://www.biograce.net/content/ghgcalculationtools/standardvalues.
‘STANDARD VALUES

1 Global Warming potentials

co, 1 9 COzeq/ g CO,
CHa. 23 9 €09/ g CHe
N,O 296 9 COsea/ g N:O

2 GHG emission coefficients

N-fertiliser 5880,6 9 COzeq/kg N

P,0s-fertiliser 1010,7 g CO2.0/kg P20s
K,O-fertiliser 576,1 g CO,eq/kg K:O
CaO-fertiliser 129,5 g CO;eq/kg Cal

T = co T T en

e —

P L T TR e iR

.

= -

d Word yersions =

Both Exce! an " 2

available @ 2

ce.ne 2t

www.BioGr2 penes 7

—

R s s S s =
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BioGrace — Harmonising calculations of biofuel GHG emissions
Nikolaus Ludwiczek, BIOENERGY 2020+

i in FUFOPE
ised Cﬂ‘“"a“c?gz Ert‘\'lssmﬂ5 in By

Ha:mc‘: Greennous

giofue

One list of standard values

*  European Commission makes reference to list
*  Member States include list in Technical Guidance:

- Austria, Sweden, UK are preparing to do

- Germany, Ireland, Netherlands are about to decide to do so
+  Example (from UK consultation on C&S Technical Guidance)

- The RFA therefore proposes the following approach to
which standard values should be used:
1. For the reporting period 2011/2012, the RFA proposes
to align its current standard emission factors with
the ones proposed by the BioGrace project.

Highlights der Bioenergieforschung, Wieselburg JE—

588 8 8 8 8B B8 BB SIS SIS RIS R R

Slide 107 March 31, 2011 R
G pewbeten muxht  Owork  (ewosdten Exai Hife
B-C % @ M ke s i -] (18- ] 5

el |

Renewable Energy

Biofuels: Sustainability Criteria

ML LIB  Commission sots up system for cortifying sustainable

Biosnargy bivfucls
. Bishials The Commiszion desided on 10 Jure 2030 10 encourage
industry, governments and NG3s to set up certification
» Membars states sehemes for all Lypes of biofuels, including those inported
reports INto the BV, 1t laid dawn what the schemes must 4o 1o ba
» Standards recognised by the Commission, This wil help implement the
R Eu's roquinsments that biofuels must defiver substantial

: v reductions in greenhouse 993 emssions and shousd not come from forests, wetlands e
e and nature protection areas. The rules for certification schiemes are part of & set of
» Frojscts guidelnes explaining how the Penewabls Energy Dwective, comng mto effect m ___-’LM fopu I

Deconber 2010, should be implemanted.

wind Energy
+ Salar Becincity = Press reloase [I/10/711, 10/06/20161E]

Solar Meating and * Mems [MEMO/10/247, 10/06/2010) (] ACER
Coohng = BACH
harmal Ener
Guothermal Energy ESi
Ocean Enargy
G Related documents
Hydrogen for .
il » Gommunications and Decision Climate Action
Communication on the practical implementation of the EU biofuels and toiquids e o W
CONCERTO g

a0 a0 o -

Thematic Pramatian = e TITTETYTIT T

bl , ‘::::m valuos, dervod from the datasats used to sstabish the dnfawt I M!M,_

Electnaity — - _— ml».
+ AnnoTATEN oy = g 9% valuy

Eurapean Technolagy 8 190 re]

Platforms (ETPs) EU Calendar

Teanspacancy Platonn + Annotsted sxample for the calculation of smissiens from carbon stack
e changes dus 1o land use changs B (3 M)

e ilec suwtes sudsneroitbl sonsivde: s him
S ——

© eurape | -

L e e e e

i Extr_actic_:n& o e
e cCultivation
i of raw

T h e === material

Excel , e — T ransport &
tool

T distribution

Soil
T apte
capture carbon capture

f— &replacemntm

e

Carbon capture & o
geological storage
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BioGrace — Harmonising calculations of biofuel GHG emissions

Nikolaus Ludwiczek, BIOENERGY 2020+

multiplying input values
The cultivation box  with “standard values*

Cultivation of rapeseed Quantity of product € __J Calculated emissions

Yield Yield Emissions per MJ FAME

Rapeseed 3113 kgha year” 73975 Mirspesces ha " year g9C0;  gCH,  gN:O | gCO;eq
Moisture content 10,0% 1,000 MJ / MJgapesoss, put
By-product Straw nia kgha' year' 0,073 KGRapeseed/MJrave

Energy consumption :
Diesel 2.963 MJha' year' conversion factors 6,07 0,00 0,00 6,07

yield related

Agro chemicals
N-fertiliser (kg N) 137,4 kgN ha' year" 9,08 0,03 0,03 19,00
CaO-fertiliser (kg Ca0) 19,0 kg CaO ha" year’ 005 000 000 006
KoO-fertiliser (kg K;0) 49,5 kg K;0 ha' year! 0,62 0,00 0,00 0,67
P,0s-fertiliser (kg P,05) 33,7 kg P,0s ha" year'| 076 000 000 080
Pesticides. 1,2 kgha' year' 028 0,00 0,00 0,32
Seeding material
Seeds- rapeseed 6 kg ha' year”" 0,06 0,00 0,00| 0,10
Field N,0 emissions. 3,10 kg ha'' year' 000 000 007 2161
Total 1692 003  010] 4863
Result 9 CO,eq / MIpae 48,63

fill in actual data

Intelligent Energy Fope

& Land use change

'Warm temperature maist ; Hative forest (230

‘Ewrops . Hagh scinity clay . Ho i ; Mo inpul

Te 'Warm temparatune maist | Culliatedicroplar
titage  High without manure

16 Doss land use changs sccur? | ves =]
Gato

10 calculate the land uss changs Emisy

Rultmg knd use changm 19,16 tan €Oz ha”" yoar

Bonus (28} g COz s Migsas

Text will appear

Intelligent Energy Fope

Step 2 : Go to the LUC excel sheet and choose
default calculation or actual calculation

The reference land use stad be the land use b January 2002 or 20 yerrs betore (he raw maletial wa
£ nrgasic careaa [tan C 1 ha

Land wse faciur 1efieciing S diffarence in ol srganic carbon assocaled with he hyse of land use o
Fia Unnagement facter refactng the ditierence i sad nrgasie eareen assnciases win the praceis manng
F WDt Tpcior refectng The Oiffecence 1t 80U 0PSBNC CAEON A430CINED WiN different kvl 0f Carbon K

S0Cy:

the sl n gueslon are moeral sois. For cryans sois. apofopriate methods shal be used (see paragrach 4.1 of the Commmsaxe Decamn)
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BioGrace — Harmonising calculations of biofuel GHG emissions
Nikolaus Ludwiczek, BIOENERGY 2020+

Step 3a : default calculation according to e L
the Commission‘s guidelines ‘ Commission Decision

2010/335/EU:
26| CS,and CSfare calculated with the following equalion: €87 Cias =500 "FLu'Fa*Fi -
0 R P e e e
3 Actual fand use Reference land use B e T |
2 e
3 cinae egen e e
ESS [egetationicrop (land use)  |Cutivatea/croplang Native forest (+30% canopy cover! =
335
36| Above and feigw ground vegetation
a7 Effoiogical zone (if rawvant) [- h| Desanic forast b |
28 Contineat iif relevant) |- 1 Europe b |
g G g] tonCiha 85l tonCiha Calculate value according to Chapter £, or ook up val
40
41| Larton siodtin mingrg!
2 Climate region  [W Bl i Determine uging paragraph 8.1 of Commissien Decisig
44 Sol typs Determine using paragraph & 2 of Commission Decisid
4 Soi management [Ful-tiiage He b Determine using takie 3 of Commission Decisan
& Input. |High wihout manure | |Re nput Determine using table 3 of Commission Decigion
45
47 50C;- tonCibka 83 tonCiha Loop up in Table 1 of Commsion Decision, using clim)
48 By 0.5 1 Look up in Tabies 2 - 8 of Commission Decision
48 P 1 nia) Lookup in Tabies 2 - 8 of Commssion Decasion
£0 F 1.1 nia] Look up in Tabies 2 - § of Commission Decision
N 57 Resulting carbon stock Coa= 6§74 tonCiha csy= 1724 100 C / ha
. 54 Resulting LUC o= [ 6]ton s CO2/ha/an
.
.
.
Slide 16 * Highlights der Bioenergieforschung, Wieselburg
« March 31, 2011

Intelligent Energy

ns O o in EOI ope

j CaloulatOn® e iesic
“\;!?;?G(::\‘Es;enl\onie Gas
Step 3b (actual calculation) : fill in detailed
. information about your method
N - sl S
N i
. Bl Tyee of data ke resvarements
: u Mo ol inbernati Fiald measurement "ﬂmlmmm 100 plots. cammact out by the Ex
P
N 6 Wusing data from oder mathods fn meosuremonts
. 67 Plsass cenfim that thay take into sccllunt
- (1] ity L
- 13} saillpn 3
. n (el s il
. 7] tand managomant and fles ot
N '_:3 ::::::::m::mu ) 0= 7o o v 20Cs = mmt
N % o8, n 702 ton 4 s = 1820 fan €/ ha
N 75| Resulling land Use Change - 205 ton £0; ha™ yoar'
. *+ Highlights der Bioenergieforschung, Wieselburg
Slide 173 March 31, 2011

Intelligent Energy

i : e
ns O n Europ
onised C‘a\t‘.\l‘a‘:‘gﬂ Eissions !
Harm agnhouse Be
iofuel Gre

“ Additional tools

* User manual
» rules for making calculations of actual value
+ extra sheets for calculation of
- direct land use change (based on Commission
Decision)
- N,O emissions (based on IPCC Tier 1)
» list of recommended standard values
» BioGrace will not:

- add pathways to the Excel file with GHG calculations that
are not listed in RED Annex V

- help stakeholders make actual calculations
- check actual calculations at the request of stakeholders

Highlights der Bioenergieforschung, Wieselburg
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BioGrace — Harmonising calculations of biofuel GHG emissions
Nikolaus Ludwiczek, BIOENERGY 2020+

e
— ns o i Europ
H maonised Ca\cu;z“f?‘d‘i Emission !
ar hou
| Green!

Biofue!

Recognition as a
. voluntary certification scheme

* Observations:
- o Current voluntary cert. schemes do not include GHG tool
— ISSC, REDcert, NTA8080, RSPO, RTRS, Bonsucro (BSI)

. o European Commission only allows use of GHG tool if it is
recognised as a voluntary cert. scheme

. o To our knowledge no GHG tools have been send to
. Commission for recognition
— Some schemes will be send in, eg. National GHG tools
: — Information on actual developments is scarce
. o GHG tool can be used as “add-on” to existing schemes
+ Time schedule
: o Submit BioGrace tool to EC for recognition in March or April
. o Recognition period of 5 years probably

Slide 19 N RHA‘S:ESQ;S (;(e)q ?loenerg\eforschung. Wieselburg www.biugrnca.not
of . urope
ar genhou
Biofuel Gr

Thank you for your attention

> |INTELLIGENT ENERGY
#J EUROPE HR

The sole responsibility for the content of this presentation lies with the authors. It does not necessarily reflect
the opinion of the European Union.
The European Cq ion is not ible for any use that may be made of the information contained therein.

. ¢ Highlights der Bioenergieforschung, Wieselburg -
Slide 20 ¢ 1 ot 2011 www.biograce.net
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Biofuel production in African countries — case studies
Katharina Zwiauer

Biofuel Production in Africa —
Case Studies

Katharina Zwiauer

Highlights der Bioenergieforschung
Wieselburg, March 31, 2011

Overview

= Africa‘s Biofuels Strategy
= Motives and Key Drivers

= Senegal:
= Overview
= Case Studies

= Opportunities and Risks

®= Conclusions

Katharina Zwiauer

“Africa‘s Biofuels Strategy*“

®" The “Green Opec “
Pan-African Non-Petroleum Producers Association was formed
in 2006 to promote the biofuel sector in Africa (15 member
states) and to become biofuel exporters

= Addis Ababa Declaration (2007)
A joint activity of the African Union, the Brazilian Government
and UNIDO

= Regional strategies
Regional economic communities: ECOWAS, SADC ...

= National policies
Co-operation with international organisations, transnational
industries, south—south and triangular co-operation on
technology transfer

Katharina Zwiauer
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Biofuel production in African countries — case studies
Katharina Zwiauer

Motives and Key Drivers

“Green Opec*“ Investors

" [nternational trade ® Land availability: large land

= Reduction of energy areas, low level of utilisation of
dependencies — arable lands
improvement of energy = High biomass potential
security = Suitable soils — climate

= Stimulation of African
economies

= Encouragement of foreign
investment

= | ow labour costs and low labour
law standards

= Lack of national sustainability
criterias

Katharina Zwiauer

Land area and arable land area
in different African countries

100.000,0
"
E
S 20,0000
g

2
~ 600000

& 5 @ o
EégP?\ & ’&@ Q\«" vg} &
o g

= Forest area
= Arable land

mLandarea

&

Source: FAOSTAT 2010

&

Katharina Zwiauer

Senegal: Food Supply

[——

Vakam (1500 §)

Food production

Imports of food

Source: FAOSTAT 2010

Katharina Zwiauer
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Biofuel production in African countries — case studies
Katharina Zwiauer

Senegal: National Energy System

Energy supply

per energy type
Biomasse 55%' .ﬁ:‘:":a%

Solaire 0,01
Gaz naturel

Charbon
minéral
(Houille) 3%

HydoElec.
1%

E

Energy consumption
per sector

Utilisations
Autres noo Industrie
9%

Transport
34%
Source: FAO, SIE-Senegal 2007

Total: 2303 ktep I

Katharina Zwiauer

Targets for Biofuel Production

Senegal‘s national policy objective: self-sufficiency
Biodiesel - “Jatropha program“ :
® Target: 321.000 ha by 2012

= Up to the end of 2010 ~3000 ha had been planted

® Production goal: 1.190 million litres of refined oil

Ethanol (sugar cane):

= 10 to 12 million litres/year

Katharina Zwiauer

Case Study 1

Compagnie Sucriére
Sénégalaise (CSS) Senegal River Generation of jobs

Valley 3000 permanent employees
4000 seasonal workers

Positive Impacts:

= Cultivation area: ~ 8.700 ha

" Sugar cane: 1 mio tly Negative Impacts:
= Sugar: 100.000 t/y ; R
= High water pollution

= Ethanol: 60.000 I/d
5 ® Hazard for drinking water

savety (Lac de Guier)

= Hazard for wildlife (birds)

Source: CSS

Katharina Zwiauer
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Biofuel production in African countries — case studies
Katharina Zwiauer

Case Study 2

Dangote Group Potential negative impacts:

. = High water consumption
Senegal River Valley 9 P

= Damage of Acacia forests
= Cultivation area: 40.000 ha

= Competition for food production
= Sugar cane

® Loss of land and water rights for Fulani
“The investment makes Dangote the people and small scale farmers
biggest wholly African investor ever
in the Francophone country.

The Senegalese government has

allocated Dangote Industries about
40,000 hectares of land .”

Source: bonsucro

Katharina Zwiauer

Case Study 3

Tozzi Group (ltaly)

Potential negative impacts:

= Damage of natural and “classified

Region: Tambacounda forests
=Cultivation area: 50.000 ha = Destruction of bamboo habitats

= Loss of land tenure rights, transition to
=Jatropha

contract farming

® Loss of fuelwood

Natural forests in Senegal:
1960: 11 million ha
2010: 8.3 million ha

Carbon stock in living forest
biomass (mio t): 340

Katharina Zwiauer

Opportunities and Risks

Opportunities Risks
= Creation of jobs = Biodiversity loss and ecosystem
= Stimulation of agriculture damage
= Diversification of = Unsecurity in food supply
agricultural production = High water consumption and
= Improvement of local water pollution
energy supply

® Loss of land use rights:

® Local value creation
= Marginalization of subsistence

® Improvement of the trade farmers and pastoralists

balance )
" |Increase in landlessness

= Migration

Katharina Zwiauer
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Katharina Zwiauer

Conclusions

Key to development:

= Integration of small scale farmers and “landless*
pastoralists into medium-sized and large scale projects
= Legal acceptance of water rights, land and land use
rights (including informal land rights)
= Subsidization of small scale farmers and local
agricultural cooperatives
= Long-term and reliable cooperations between agro-

industries and farmers

Katharina Zwiauer

Conclusions

Requirements for sustainable biomass
production:
= Development and implementation of legal provisions and
policies by African governments with regard to
= Large scale land allocations — land rights

= Labour conditions: models of contract farming,
outgrower schemes

= Use of natural ressources in general and water in
particular

= etc.

Katharina Zwiauer

Thank you!

More Information:

katharina.zwiauer@aon.at

Thanks to my cooperation
partners ENDA and
Mr. Amadou G. Ba and his son

Katharina Zwiauer
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Developing countries — Programs and lessons learned

Hannes Bauer, Austrian Development Agency

* v el g 4t

Developing Countries
Programs and Lessons learned
Austrian Development Agency (ADA)

Mr. Hannes Bauer, Sustainable Energy
March 2011

Osterreichische
= Entwicklungszusammenarbeit

Priority Countries and Regions

Osterreichische
= Entwicklungszusammenarbeit

Human Development Network (HDN), Poverty Reduction and Economic
Management (PREM) Network, The World Bank

) 2 5 - -
*v«h R SR ONG b o sy PRESNCTHE RS L MILLENNIUMSZIELE 2015

- Zukunit sichern

% | 4 _ Osterrwichischo
. S = Emwicklungszusammenarboit
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Developing countries — Programs and lessons learned
Hannes Bauer, Austrian Development Agency

Background on Biofuels

* s entmchg 4 Osterreichische
= Entwicklungszusammenarbeit

Global food price monitor (FAO

Food Commeodity Price Indices
2002-2004=100

FAO Food Price Index

Mominal )

*“ ’ Osterreichische
= Entwicklungszusammenarbeit

. -
US Corn Used in Ethanol Production
As a ratio to total US corn production®
% %
40
w0 |
20 &
i
10
& e g
1967 1987 2007 1087 2007
0 A A A T Y -
B0/81  B5/86  90/91 95/96  00/01 05/06 10111 * These data represert each region’s btal caloric value of food supplied to

retail firns and househokds divided by its population
*  Market year data (September - August); estimate for 2010411 ** The world's 48 least devaloped countries
Sources: RBA; Uni tatas rtment of Agricul iroe:
et v Sty

*Mh Osterreichische
= Entwicklungszusammenarheit

Source: FAO and Reserve Bank of Australia
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Developing countries — Programs and lessons learned
Hannes Bauer, Austrian Development Agency

Biofuels concerning poverty reduction

* s entmchg 4 Osterreichische
= Entwicklungszusammenarbeit

*“ Osterreichische
= Entwicklungszusammenarbeit

in Guatemala

G o5

.(ijST.er."?i.F}.‘is':h.e.... —
Jatropha bush = Entwicklungszusammenarbeit

Jatropha fence
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Developing countries — Programs and lessons learned
Hannes Bauer, Austrian Development Agency

GUATEMALA IS HIGHLY DEPENDENT ON FOSSILE FUELS;
PLANTING JATROPHA MAY BE A VIABLE ALTERNATIVE

Bunker
Petcoke
Kerosene
335 mill gal

produce 260
million gallons (6

Gasoline 2
~million barrels) of

Superior
Regular « 50% Retail biodiesel per
Aviationén = | 50% Industrial . year, substituting
£l 0,
420 mill gal 80% of the

imported diesel

Diesel
366 mill gal
* i entsichng Osterreichische
- -
= Entwicklungszusammenarbeit

Source: Direccién General de Hidrocarburos, MAGA, TechnoServe

BIOFUEL’S APPROACH: A THREE PILLAR

Plantation &
Harvest

> Seed Farming Refinery Local sales

" Partners
“USAID ’
*AEA (ADA Austria, EC, Finland)

Pillar 1
Small producers

Projects:
Biodiesel for rural
-Combined prod

tilapia + biodiesel)

Partners:

*ICTA

*FAUSAC

*Univ. del Valle

*Bayer

*Winrock

Projects: Partners:
-Fodecyt Pillar 3 ~Jatroil

*Multicyt «Other investors
+Subproduct development - Large scale Projects:
*Technological packs investors «Financial models

(agriculture and industrial)
«Farmer to Farmer

«Central America
comparison

Jatropha Project in Guatemala — summary

AR T e o Ty e

* — Osterreichische
= Entwicklungszusammenarheit

1
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Developing countries — Programs and lessons learned
Hannes Bauer, Austrian Development Agency

THE STRAIGHT VEGETABLE OIL INDUSTRY CREATES NEW

=y T

Jatropha seed production ‘

I

Extract oil from seeds ‘

Il

Transesterification of oil
to produce biodiesel

Irrigate Jatropha

Power tilapia tanks with
vegetable oil

Sell tilapia Sell biodiesel

Osterreichische
= Entwicklungszusammenarbeit

Source: TechnoServe - Guatemala

RURAL ELECTRIFICATION PROJECTS AS EXAMPLE OF

Jatropha plantation

Biomass Seeds

’ Biogas generator ‘ ’0i| extraction‘

Harvest Non-harvest
season season

’ Electrical generator ‘

U

’ Battery charging station ‘

Osterreichische
= Entwicklungszusammenarbeit

Source: EEP, TechnoServe - Guatemala

OVERALL CONCLUSIONS TO CONSIDER WHEN
FOSTERING THE CREATION OF A BIOFUELS INDUSTRY

* F— Osterreichische

= Entwicklungszusammenarheit

Source: EEP, TechnoServe
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Summary of Day
Theodor Zillner, BMVIT, Ill/1 3

ST

TR

*w ----- kgt Osterreichische
= Entwicklungszusammenarbeit

Source: EEP, TechnoServe - Guatemala

Summary of Day
Theodor Zillner. BMVIT, 1I1/1 3
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Postersession

PROFACTOR — BIOBUTANOL AS AN ALTERNATIVE BIOFUEL
V. Kastner S. Nobauer, W. Schnitzhofer

Effective communication
as a critical factor in woody biomass mobilization
Dr. Astin Malschinger, Matthias Jax B.A.

Contribution of a regional energy concept to mobilization of bio fuel production
Mag. (FH) Josef Walch, Martin Gosch B.A.

Cold Temperature Properties of Fatty Acid Methyl Esters
Josef Rathbauer, Rudolf Zeller

ERA-ARD:
Bioenergy in Africa — Opportunities and Risks of Jatropha and Related Crops
Andrea Sonnleitner, Dina Bacovsky

Mapping of 2" Generation Biofuel Demonstration Plants
Dina Bacovsky, Andrea Sonnleitner, Manfred Wargetter

Netzwerk Biotreibstoffe
bioenergy2020+

Animal Waste for the Production of Biofuels and Biopolymers
Katharina Strohmeiera, Sigurd Schobera, Martin Kollerb, Martin Mittelbach
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BIOBUTANOL AS AN ALTERNATIVE BIOFUEL

V. Kastner, S. Nobauer, W. Schnitzhofer
PROFACTOR GmbH, Department of Innovative Energy Systems

Introduction

In order to meet the aims of Kyoto, several national as well as
european initiatives were launched to replace fossil fuels by biofuels
to a certain extent. Beside biodiesel and bioethanol, biobutanol is
another type of biofuel, which can serve to reach these aims. In
Austria several biodiesel plants are in operation with a total capacity
of 240000 t biodiesel per year!, as well as a large bioethanol plant
with a capacity of 190000 t'. Biobutanol is not produced to this date.
Butanol (1-Butanol, n-Butanol, CH;-CH,-CH,-CH,0H), an aliphatic,
saturated C4-alcohol (properties table 1) can be used as a fuel
additive for transport. It is miscible with gasoline as well as with
gasoil. At present time, butanol is used primarily as a solvent for
industrial applications. The estimated world market for this product
is 1,3 billion liters per year, and the U.S. share of this amount is 830
million liters per year.

Biobutanol requires no modification to gasoline-powered engines
and can easily fuel today's standard vehicles in gasoline blends or
added to ethanol to reduce evaporative emissions.

It is far less corrosive than ethanol and can be distributed through
existing oil and gas pipelines more easily than ethanol. Biobutanol
will not damage automobile components, such as valves and
gaskets or any segment of fuel distribution systems.

Table |: Properties butanol

Molecular weight 74.12 g/mol
Specific weight 810 kg/m?®

Boiling point 117.7°C

Vapour pressure 5.6 hPa (at 20°C)
Flash point 35-37°C
Solubility in water 90 g/L (at 25°C)
Volumetric energy content Ca. 27.0 MJ/liter
Research Octane number 94

Process

An especial sustainable pathway for its production is the
biotechnological way, the so called ABE fermentation, a strict
anaerobic process, which was well known as Weizmann-process in
world war one. Therein different substrates are converted to
acetone, butanol and ethanol, by different Clostridia sp. (Table 2),
under participation of several metabolic pathways interacting in a
complex manner. Butanol can be produced from many kinds of
renewable organic material such as corn, wheat, wood pulp, sugar
cane, sugar beets and even cheese whey.

Table 2: Microorganisms investigated for biobutanol production

Organism Product

Clostridium beijerinckii ABE

Clostridium acetobutylicum ABE

Clostridium aurantibutyricum | Acetone, butanol and isopropanol
Clostridium tetanomorphum Butanol and ethanol
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Figure I: Metabolic pathways of solvent
forming microorganisms with starch as initial
substrate  (numbers indicate = enzyme
catalysed steps and are not described here)?

Challenges

However, this process is hampered by end product inhibition,
uneconomical product recovery, and the use of dilute substrate
solutions, thereby resulting in large process stream volumes as well
as process instabilities. Different bioreactors and different operation
modes are in investigation. Using online product recovery the total
ABE content could be increased to 230 g/L.4

Methods of product separation:35

- Adsorption using silicagel or ion exchange resins

- Gas stripping and subsequent condensation of solvent/water
vapour

- Liquid/liquid extraction: Contact of non-water miscible solvents
with fermentation liquid

- Membrane evaporation: Selective diffusion through porous
membranes

- Perstraction: Separation of extraction liquid and fermentation
broth by a membrane

- Pervaporation: Selective diffusion through a non-porous
membrane, regeneration by vacuum or gas

- Reversed osmosis: High pressure separation of a diluted
solution into a concentrate and water phase via a
semipermeable membrane.

Outlook

Currently, several international initiatives are ongoing in order to
make biobutanol production economically feasible (BP etc.).

A national project is planned with the aim to set up a competitive
process for biobutanol production, by approaching the main
scientific goals: Identifying the optimal microbiological system,
application of an innovative substrate pretreatment and concept
and test of an integrated fermentor and product upgrading system.

> ! www.wko.at
Wolfgang SCHNITZHOFER

Tel +43(0)7252/885-405

Fax +43(0)7252/885-101
wolfgang.schnitzhofer@profactor.at
www.profactor.at

2Ezeji, T., Qureshi, N., Blaschek, H. World Congress on Industrial Biotechnology and Bioprocessing (2004) Paper No. 37
3Durre, P. Appl Microbiol Biotechnol (1998) 49: 639-648

4Kumar, M., Gayen, K. Applied Energy (2011) in press

5Qureshi, N., Maddox, 1.S., Friedl, A. Biotechnol Prog (1992) 8: 382-390
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Effective communication
as a critical facto

Author; D.r Astin Malszhmger atthias Jax B.A.
References: Project group ,Waldfrequenz” (Riegler, Sulzbacher, Pavliska, Mannert)
Landliches Forthildungsinstitut, Forest Assaciation Austria, University of Applied Sciences Wiener Neustadt Campus Wieselburg

Forestry and timber industry in Austria

With a proportion of almost 50% forest, Austria is one of the most forested countries in Europe.
In four million hectars there are more than one billion cubic meters of wood. Every second a woo-
den cube measuring 1m3is growing in Austria. Each year this represents an increase of 30 million
cubic meters of wood. Of these only two thirds are used.

More than 266,000 people make a living from the forests and the renewable resource wood. The
sector has an annual turnover of over 10 billion Euro. Aimost 9% of the annual exports of good
come from the forestry and timber industry.

Forest owners in Austria

According to the study, ,Who are Austria’s forest owners", two groups with different information behavior
can be identified:

> About 2/3 of forest owners actively seek information and relies on particular ,classic forestry” institution.

> About 1/3 is uninformed about forest-related aspects and will be difficult to reach in the future.

Wooden case with media.box
as optimal communication tool

Wooden case

The wooden case features a
range of communication tools.
Its key purpose is to assist
consultants.

The case includes an informa-
tion folder and a CD/DVD-Box
with audio and visual data. The
content provides basic infor-
matione on the forestry and
timber industriy in Austria.

Media.Box

The Media.Box holds basic
information about the Austri-
an forest and timber industry.
Itincludes a Media.CD and a
Film.DVD.

Film.DVD

The movie introduce the

topic to forest owners with
little knowledge of forestry and
interested individuals.

Media.CD

The aim of the Media.CD is

to give the consultant the op-

portunity to access informati-
on related to the planning and
implementation of information
sessions.

Therefore the following media
are available:

> Presentation
> Checklist
> Layouts (Invitations, Posters)

> University of Applied Sciences Wiener Neustadt Campus Wieselburg

> A-3250 Wieselburg . Zeiselgraben 4 . www.amu.at

> office@amu.at . Fon: +43 (0) 7416 /53 000 - 0. Fax: -2222 z

Wiener Neustadt
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a regional energy concept
to mobilization of bio fuel production

V

Author: Mag. (FH) Josef Walch, Martin Gosch B.A.
':Q References: Enerpro OG, University of Applied Sciences Wiener Neustadt Campus Wieselburg

region

1 | potential study o

unused
potentials

identifying unused renewable energy sources

In the region around Wieselburg biomass has the highest

potential, followed by solar energy. This is one result of a

potential study which was done within the regional energy
concept ,Kulturpark Eisenstrafie” in 2010.

outcome of the potential study - a central result of a regional energy conept

' ) "f p 1! activation and using networks | 2
, G setting up new human networks and

' e connecting them with existing ones

D N 03@’ Using local networks and competences is one of the crucial

/ 4 'Y
\\!“ e \\ ﬂ @,ﬂ factors for increasing bio fuel production. Setting up new
- . \ -~ networks (called ,,Energieschmieden” in this regional energy

EEREERCITRes concept) and conneting them with existing know how

/ S is a further key to success.
3 | creating measures and a roadmap e,

creating measures within the network and
combining them to a roadmap

People have ideas for raising biofuel production. These ideas

are bundled and structured within the ,,Energieschmieden”.

After feasibility study an idea can be transformed to a measure. T dtintragr conig st
Different measures are combined in a strategic roadmap.

the way to raise bio fuel production in the framework of the regional energy concept

communication & | 4
awareness raising

publishing ideas to gain acceptance of citizens

By communication with online-, offline media and public events
the roadmap is tranfered into public. This is one of the most
important steps to gain acceptance of the citizens which is
needed for implementation.

webpage www.energie-schmiede.at
the central communication plattform to inform citizens about the regional eneray concept and its results

> University of Applied Sciences Wiener Neustadt Campus Wieselburg
> A-3250 Wieselburg . Zeiselgraben 4 . www.amu.at

> office®@amu.at . Fon: +43 (0) 7416 / 53 000- 0. Fax: -2222

Wiener Neustadt -
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Cold Temperature Properties of Fatty Acid Methyl Esters

Josef Rathbauer, Rudolf Zeller

Key words: Biodiesel, Fatty acid methyl ester, FAME, Cold temperature properties, B s e st
Cloud Point (CP), Pour Point (PP), Cold Filter Plugging Point (CFPP) 2778 S o '

. . . . . Cold Filter Plugging Point (CFPP)
The cold temperature properties of fuels are in the moderate and arctic climatic re-

gions an essential parameter for the practical use of vehicles. For determining the
cold temperature behaviour of transport fuels the methods of Cold Filter Plugging
Point (CFPP), Cloud Point (CP) and Pour Point (PP) are used. The determination of o

these parameters based on specific standards is done in laboratories mostly with ]
automatically operated apparatus. The target of the presented project was the de-
velopment of a model for the prediction of the CFPP, CP and PP of Fatty Acid Methyl
Esters (FAME) based on their fatty acid distribution.

20

-

acpaf ag ® e

.o

Calculated CFPP [°C]
5

-20

The compilation of the melting points of individual FAME is based on the Beilstein
Database. For some of the respective FAME a large number of data are available. Of
these individual data average values and median values have been calculated. In
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general it can be stated that the respective melting point is increasing with incre- 40 2 0 0 1 2
asing carbon chain and decreasing dramatically with increasing number of double petermined GrRRLE
bounds in the carbon chain (see figure 1). The red squares show the respective va- Figure 2: CFPPyetemined Versus CFPPeicyiated

lues for the FAME with double bounds.

Eq.(2): CP[°C]=C18:3%-18,578+C16:0*31,909+C18:1*-11,554+

FAME Melting points +C12:0*-25,653+C18:2%-13,453+C22:0%-334,926+
+C18:0%61,230
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Figure 1: Melting points of different FAME versus their C-chain-length' 0
For the development of the statistical model some 102 different FAME-samples 0
. . . -40 -30 -20 -10 0 10 20
have been prepared in the laboratory, in the pilot plant or have been collected from Determined CP [C]

real operated production plants. The used raw materials are covering a wide range
coming from different regions all over the world (e.g. Rapeseed oil, Sunflower oil,
Soybean oil, Palm oil, Jatropha oil, Animal fats, Coconut fat, Used frying oil, Blends).

Figure 3: CPyetemined Versus CPeicuiated

For the respective FAME the Average, Median, Minimum and Maximum content are Ea. 3): ii?ﬂ;_g;%l;f‘éfgf;tﬂif:gj%’;gff;{;fg;;_
listed. The iodine value ranges from 10 till 189 [g lod / 100 g FAME]. From all samples 28,824+C18:319,035+C20:0184,402 4

the parameters CFPP, CP and PP have been determined. The minimum values for
CFPP | CP | PP are -33 | -38 | -38°C. The maximum values for CFPP | CP | PP are +13 |
+14 | +14°C. ® .

PourPoint (PP)

These data have been used for multiple regression analysis with SPSS. In equation (1) 3
to (3) the calculations for the CFPP | CP | PP are shown. The amount of the respective G e
FAME has to be inserted as decimal fraction (e.g. 23 % of C 18:1 have to be inserted

in the equation as 0,23). The results of the multiple regression between fatty acid
distribution and CFPP, CP or PP were for the coefficient of determination (R?) at 0,72
- CFPP, 0,66 — CP and 0,89 - PP. In the figures 1 to 3 the respective values of the deter- 2
mined and calculated CFPP | CP and PP are compared graphically.
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These developed equations enable to estimate quickly the CFPP | CP | PP on the -
basis of the fatty acid distribution of different raw materials. 40 3 2 0 0 1 2

Determined PP [*C]

Figure 4: PPyetemined Versus PPeicuiated

"Own diagram, based on ,Beilstein”-Data
Rathbauer, J.: Kalttemperatureigenschaften von Fettsauremethylestern (Cold Temperature Properties of Fatty Acid Methyl Esters), Dissertation, Universitat fiir Bodenkultur, Wien, 2009.

Marz 2011
Further information: m
AT 3250 Wieselburg, Rottenhauser Straf3e 1, Tel.: +43 (0)7416 52175-0, y B I'T
E-Mail: josef.rathbauer@josephinum.at, http://blt.josephinum.at WIESELBURG
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ERA-ARD: Bioenergy in Africa - Opportunities
and Risks of Jatropha and Related Crops

The BIA Project

The Bioenergy in Africa (BIA) project was launched in
June 2009 with financial support from the Agricultural
Research for Development Dimension of the
European Research Area (ERA-ARD). The Austrian
participation is financed by the Federal Ministry of
Agriculture, Forestry, Environment and Water
Management (BMLFUW). The BIA project
investigates the opportunities and risks related to the
production and utilisation of biofuels in East Africa and
Central America. A focus on Jatropha curcas L. was
chosen as this feedstock has experienced a strong
and sometimes controversial development in both
regions. The project analyses the opportunities and
risks of increased Jatropha curcas production,
appraises its social and environmental impacts and
develops decision support tools for sustainable biofuel
production.

The BIA project is implemented by a consortium
composed of 7 European, 5 African and 3 Central
American institutions. Each partner provides solid and
complementary research experience and expertise
ranging from natural to social sciences, making the
BlAproject aninterdisciplinary venture.

Modular Structure

The BIA project consists of a modular framework
composed of 4 complementary modules, each
addressing a specific aspect of jatropha production
and utilization.

Module 1 - Crop growth and processing: Assessment
of sustainable Bioenergy production potentials and
processing of jatropha biomass in different cultivation
systems and under different environmental and
cultural settings.

Module 2 - Impacts of biofuel production: Case-study
based research on the socio-economic and
environmental impacts of biofuel production in the
local context as well as life cycle assessments of
various jatropha value chains.

Module 3 - Global policy, trade and certification:
Analysis of the influence of external socio-political and
economic decision-making processes on the regional
and local biofuel production processes.

Module 4 - Potentials of biofuel in Eastern Africa:
Elaboration of a regional model of sustainable
jatropha production and relevant policy documents for
decision-making and planning tools at the national
and regional levels in Eastern Africa.

Activities of BIOENERGY 2020+

The work of BIOENERGY 2020+ concentrates on
module 1 crop growth and processing. The objective is
to identify viable pathways for local biofuel production
from Jatropha curcas based on the assessment of the
influence of harvesting, storage and pressing
conditions on jatropha oil. Consultative work was done
in module 2 on life cycle assessments.

Module 1: Production

Task 1.1 Task 1.1
Plant growth Processing

PRI Module 2: Impacts EMPA

Module 3: Global scope oDI

Output 1:
Agricultural potentials and
technologies, processsing

and processing systems)

efficiency (limits of agricultural

I_,
ke |

Synthesis
Task 4.2 Task 4.3
Models Observatories

Regional model on the potentials for
sustainable biofuel production in East
Africa

Module 4: Contextualisation CDE

Main Output: Policy recommendations, decision support systems / tools

Jatropha curcas L.

Conceptual framework of the BIA project

¥
[

Further information at www.bioenergyinafrica.net
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Mapping of 2"* Generation Biofuel
Demonstration Plants

Mapping of 2" Generation Biofuel Demonstration Plants

IEA Bioenergy Task 39 has commissioned an overview on All information collated was inserted into a database and is
Dina Bacovsky pilot and demonstration facilities for the production of displayed in an interactive map:
Andrea Sonnleitner biofuels from lignocellulosic raw materials. Companies with http://biofuels.abc-energy.at/demoplants/.

Authors

Manfred Wérgetter projects in this area were contacted and asked to provide An outline of this is displayed below.
data for the overview.

Biochemical Pathway — Operational Facilities:

Project Owner Country Product
Aalborg University Copenhagen Denmark ethanol; biogas;
Abengoa Bioenergy Spain ethanol;
Abengoa Bioenergy New Technologies United States | ethanol;
AE Biofuels United States | ethanol;

BioGasol Denmark ethanol; cellulose; hemicellu-

loses; lignin;
Borregaard Industries LTD Norway ethanol;
Chempolis Ltd. Finland ethanol; pulp;

DDCE DuPont Danisco Cellulosic Ethanol United States | ethanol;

EtanolPiloten i Sverige AB Sweden ethanol;

Inbicon (DONG Energy) Denmark ethanol; c5 molasses; solid

biofuel;
logen Corporation Canada ethanol;
KL Energy Corporation United States | ethanol;
Lignol Energy Corporation Canada ethanol; lignin;
Mascoma Corporation United States | ethanol; lignin;
Mossi & Ghisolfi - Chemtex Italia Italy ethanol;
Petrobras Brazil ethanol;
POET United States | ethanol;
Technical University of Denmark (DTU) Denmark ethanol; biogas; lignin;
Terrabon United States 3‘;%';05' ; Cr:(i::%;lsc;ohols;
Verenium United States | cellulosic ethanol;

Thermochemical Pathway — Operational Facilities:

Project Owner Country Product

Coskata United States | ethanol;

CTU - Conzepte Technik Umwelt AG Austria SNG;

Cutec Germany FT-liquids;
Enerkem Canada ethanol;

lowa State University United States ethanol; FT-liquids;

biodiesel; pyrolysis oils;

NSE Biofuels Oy, a Neste Oil and Stora

Enso JV Finland FT-liquids;

Range Fuels, Inc. United States | ethanol; methanol;
Tembec Chemical Group Canada ethanol;

Vienna University of Technology / . I
BIOENERGY 2020+ Austria FT-liquids;

To add your project contact:
dina.bacovsky @bioenergy2020.eu.

Projects in Australasia

A full report “Status of 2" Generation Biofuels Demonstration Facilities” is available at www.task39.org.

BIOENERGY 2020+ GmbH

Firmensitz Graz
Inffeldgasse 21b
A 8100 Graz

T +43 (316) 873-9201 o . . I . N
F +43 (316) 873-9202 Die Teilnahme an den Tasks in IEA Bioenergy wird im Rahmen der IEA Forschungskooperation des BMVIT finanziert.

office@bioenergy2020.eu DE A Egg%%gg#gﬁ bm€d 25 BLT L

WIESELDBLURG
www.bioenergy2020.eu
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www.nhetzwerk-biotreibstoffe.at

a |
A
Netzwerk ‘:::il

Der Netzwerkbereich stellt Details

Uber ExpertInnen, Organisationen und
Plattformen des Biotreibstoffsektors
und deren Kontaktdaten zur Verfligung.
Informationen Uber nationale Projekte
oder Projekte mit dsterreichischer
Beteiligung im Themenbereich
Biotreibstoffe sind abrufbar.

. =» Das ,Netzwerk Biotreibstoffe* soll einen
intensiven Informationsaustausch der
osterreichischen Stake Holder entlang
der Produktionskette von Biotreibstoffen
ermdglichen. Auch Informationen aus dem
internationalen Netzwerk IEA Task 39
sollen national verbreitet werden.

Das ,,Netzwerk Biotreibstoffe* stellt
allgemeine Informationen des Biotreibstoff-
sektors zur Verfligung, verbreitet Neuig-
keiten, Publikationen und Veranstaltungen
und verschafft einen Uberblick tber Projekte,
Expertinnen und Organisationen in der
heimischen Biotreibstoffszene.

picenergy2020+

Bl 1EA Bioenergy
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Animal Waste for the Production of
Biofuels and Biopolymers

Katharina Strohmeier®, Sigurd Schober®, Martin Koller’, Martin Mittelbach®

University of Graz, Heinrichstrasse 28, 8010 Graz, Austria

@
@ ®Graz University of Technology, Petersgasse 12, 8010 Graz, Austria

*katharina.strohmeier@uni-graz.at T COGPERATION

Project Outline

Within the framework of the EU-project ANIMPOL
[1] waste streams from slaughterhouses and
rendering plants are converted into high value-
added products and biofuels.

Animal waste samples are extracted with different
methods to obtain the fatty material, which is
analyzed and converted into different fatty acid
esters, which are analyzed according to EN 14214
in order to evaluate the suitability as biodiesel. A
method has been developed to separate
efficiently saturated from unsaturated fatty acid
esters. The saturated fatty acid fraction can be
used as carbon source for the biotechnological
production of high value added
polyhydroxyalkanoates (PHAs),
industrially important biodegradable
biopolymers.

Strategy
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Information und Anmeldung:

JOANNEUM RESEARCH JOANNEUM
Forschungsgesellschaft mbH N
Kurt Konighofer W//))>/
Email: kurt.koenighofer@joanneum.at RESEARCH
Tel.: +43 (0)316/876 1324
Fax: +43 (0)316/876 1320

Die Teilnahme ist kostenfrei, eine Anmeldung ist bis spatestens 23.3.2011
erforderlich.

Beschrankte Teilnehmerzahl, bitte rechtzeitig anmelden!

Mitveranstalter:

bioenergyooco+  Task 39 Eﬂlﬂ RN BLT

IEA Bioenergy Wiener Neustadt WIESELBURG

Forschungskooperation Internationale Energieagentur

Verantwortung:

Bundesministerium fiir Verkehr, Innovation und Technologie
Abteilung fiir Energie- und Umwelttechnologien

Leitung: DI Michael Paula

A-1010 Wien, Renngasse 5

bomE@di
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