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Bioenergie - Losungen fiir die Energie- und Umweltkrise

Der Osterreichische Biomasse-Verband, die Landwirtschaftskammer
Steiermark und die BEST - Bioenergy and Sustainable Technologies GmbH
veranstalten in Kooperation mit der Messe Graz vom 18.-20. Jdnner 2023 die
7. Mitteleuropdische Biomassekonferenz CEBC2023. Die Welt befindet
sich im Umbruch. Seit der vergangenen Konferenz vor drei Jahren hat uns die
Corona-Pandemie {iberrollt, Russland hat einen Angriffskrieg auf die Ukraine
begonnen, die Folgen des Klimawandels sind in ganz Europa zu spiiren.

Die Zeit zu handeln ist jetzt!

Die Situation ist herausfordernd, aber wir werden und miissen sie ge-
meinsam bewaltigen. Mit der Bioenergie haben wir in den vergangenen
Jahrzehnten ein innovatives Zukunftsinstrument geschaffen. Gemeinsam
mit den anderen erneuerbaren Energien Wind, Wasser, Sonne und Ener-
giesparmaBnahmen tragt Bioenergie dazu bei, aus der fossilen Energieab-
hangigkeit auszusteigen. Voraussetzung fiir die nachwachsende Biomasse
ist die nachhaltige Bewirtschaftung unserer Wilder, Acker und Wiesen.
Osterreich gehért mit der aktiven Waldbewirtschaftung hier zu den Vorrei-
tern. Wir entnehmen weniger Holz aus den Waldern, als nachwachst. Abge-
sehen davon muss ein maéglichst (klima-)effizienter Ressourceneinsatz stets
die Grundlage unseres Handelns sein.

Leitveranstaltung des Bioenergiesektors
Mit mehr als 1.400 Teilnehmern aus der ganzen Welt ist die im Dreijah-
resrhythmus ausgerichtete Mitteleuropdische Biomassekonferenz CEBC
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OkR Franz Titschenbacher
Préisident des Osterreichischen
Biomasse-Verbandes & LK STMK

Mag. Norbert Totschnig, MSc
Bundesminister fiir Land- und
Forstwirtschaft, Regionen &

die Leitveranstaltung der mitteleuropdischen Bioenergiebranche. Die zeit-
gleich stattfindende ,Hauslbauer"-Messe mit rund 40.000 Besucherlnnen
und einem traditionellen Schwerpunkt in Bezug auf Energiebereitstellung
im Geb3udesektor bietet dazu eine hervorragende Ergdnzung. Besondere
Highlights sind der Waldtag in Kooperation mit dem Okosozialen Forum,
das erste internationale European Pellet Forum, zahlreiche Workshops
der IEA-Bioenergie und die Prasentation der Highlights der Bioenergie-
forschung.

Weitere Schwerpunkte werden auf die folgenden Bereiche gelegt:
Nachhaltigkeit auf regionaler und nationaler Ebene sowie politische
Rahmenbedingungen
Klima-smarte Forst- und Holzwirtschaft
Technologien fiir Bioraffinerien
Negative Emissionen durch Pflanzenkohle und Bio-CCS
Biokonomie: Warme, Strom und Treibstoffe
Brennstoffcharakterisierung und Qualitdtssicherung uvm.

Ein umfangreiches Exkursionsprogramm spannt den Bogen von der
Theorie zur Praxis. Dariiber hinaus bietet Ihnen ein vielseitiges Rah-
menprogramm mit Social Events ausreichend Raum fiir Vernetzung.

Wir freuen uns, Sie bei der 7. Mitteleuropdischen Biomassekonferenz

CEBC2023 begriiBen zu diirfen.

Univ.-Prof. DI Dr. Hermann
Hofbauer, TU Wien, Vorsitzender
des Wissenschaftlichen Komitees

Wasserwirtschaft

Bioenergy - Solutions for the energy and

The Austrian Biomass Association, the Styrian Chamber of Agriculture and
BEST - Bioenergy and Sustainable Technologies GmbH are hosting the
7t Central European Biomass Conference CEBC2023 in cooperation
with Messe Congress Graz from 18% to 20" of January, 2023. The world is
facing a radical change. Since the last conference three years ago, a pande-
mic broke out, Russia has started a war of aggression against Ukraine, and
the consequences of climate change are being felt all over Europe.

The time to act is now!

We are in a very challenging situation, but we will have to deal with it.
With bioenergy, we have created an innovative instrument for the future
over the past few decades. Together with the other renewable energies wind,
water, sun and corresponding energy saving measures, bioenergy contribu-
tes to getting out of the fossil energy dependency. The prerequisite for the
regrowing biomass is the sustainable management of our forests, fields and
meadows. With active forest management, Austria is one of the pioneers
here. We take less wood from the forest than grows back. Apart from that,
the most (climate) efficient use of resources must always be the basis of our
actions.

Leading event of the bioenergy sector

Connecting more than 1,400 participants from all around the world, the
triannually held conference belongs to the largest bioenergy industry

Fton 1Ll S

Mag. Norbert Totschnig, MSc
Federal Minister Ministry for
Agriculture, Forestry, Regions &
Water Management

OkR Franz Titschenbacher
President of the Austrian
Biomass Association & LK STMK

climate crisis

events worldwide. The simultaneously held "Hauslbauer-trade fair", with its
emphasis on the provision of energy in the building sector, reaching out to
approximately 40,000 visitors, offers an excellent addition to the conference.
Special highlights are the Winter meeting in cooperation with Okosoziales
Forum, the First European Pellet Forum, numerous workshops of the IEA
bioenergy and the presentation of the Highlights of Bioenergy Research.

Additional topics include the following areas:
Sustainability at regional and national level and political framework
climate-smart forestry and timber management
Technologies for biorefineries
Negative Emissions through biochar and Bio-CCS
Bioeconomy: Heat, Power and Fuels
Fuel characterization and quality assurance and many more.

Numerous excursions to bioenergy destinations and the presenta-
tion of the leading companies in the sector link the theoretical ap-
proach of the conference to practical applications. The traditional con-
ference dinner, held in the Old University of Graz and the daily open
Bioenergy-“Heurigen” serve as excellent networking opportunities.

We look forward to welcoming you at the 7% Central European Biomass

Conference CEBC2023!

Univ.-Prof. DI Dr. Hermann
Hofbauer, TU Wien, Chairman of
the Scientific Committee
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Tue, 17/01/23

Wednesday, 18" of January
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WS: IEA SAF
WS: IEA Cross TCP

1.European Pellet Forum

Exc.l: Biomass-CHP
Exc. ll: Efficient district heating plants

Exc.lll: Future of biogas and green gas

Thursday, 19* of January
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WS: Bioeconomy
WS: Agriculture

Get-together in the Auditorium

Conference dinner
at the Old University

. Excursions

. Plenary Session

Parallel Sessions
& Workshops



Programmiibersicht
Dienstag, 17. Janner 2023

13:00-17:30 Vorab-Exkursion Waste2Value
- Wien Simmering, S.16

Mittwoch, 18. Janner 2023
ab 08:00 Registrierung
08:30-18:30 Exkursionen I-1ll, S. 16&17

09:00-17:00 1. Europdisches Pelletforum,
Saal 1, S.20

09:00-12:30 IEA AMF TCP Task 63. SAF
Sustainable Aviation Fuels, Saal 6, S.21

09:00-12:30 WS: IEA Cross TCP:
Flexibilitatsbereitstellung,

Saal 8, 5.24

12:30-13:30 Mittagspause

13:30-17:00 BEST Halbtag,
Saal 6, S. 25

ab 18:00 Get-together

Donnerstag, 19. Janner 2023
ab 08:00 Registrierung

09:00-12:30 Highlights der
Bioenergieforschung,
Saal 1, S.253

09:00 - 10:30 PB 1: Nachhaltigkeit des
Einsatzes von Biomasse fiir die
energetische Nutzung, Saal 5, S. 252

Vortragssprache im Detailprogramm gekennzeichnet:  Vortragssprache Englisch 42

09:00 - 10:30 PB 2: Biochemische
Bioraffinerien, Saal 6, S. 252

10:30-11:00 Kaffeepause &
Posterprésentation

15:30-17:00 PB 9: Negative Emissions-
technologien auf Basis von Biomasse,
Saal 9, S. 259

19:30 Konferenzdinner

11:00 - 12:30 PLENARSESSION -
Wissenschaftliche & Politische Er6ffnung,
Saal 1, S. 27

12:30-13:30 Mittagspause & Poster-
prasentation

13:30 - 15:00 PB 3: Bioenergie - ein not-
wendiger Teil der Transformation unseres
Energiesystems - Potenziale & Notwendig-
keiten, Saal 5, S. 255

13:30 - 15:00 PB 4: Treibstoffe aus
Bioraffinerien, Saal 6, S. 255

13:30 - 15:00 PB 5: Bioenergie in der
Praxis,
Saal 8, S. 256

13:30 - 15:00 ERA-NET-Session
Saal 9, S. 257

15:00-15:30 Kaffeepause &t
Posterprasentation

15:30-17:00 PB 6: Emissionsarme und effi-
ziente Verbrennung & Festbettvergasung,
Saal 5, S. 258

15:30-17:00 PB 7: Politik und Markte,
Saal 6, S. 258

15:30-17:00 PB 8: Griines Gas aus Bio-
raffinerien, Saal 8, S. 259

Freitag, 20. Janner 2023
ab 08:00 Registrierung

09:00 - 13:00 Wintertagung des
Okosozialen Forums,
Saal 1, S. 262

09:00 - 12:30 WS Torrefizierung,
Saal 8, S. 264

09:00-12:30 WS: Nahwidrmeverbund 4.0,
Saal 9, S. 265

09:00-10:30 PB 10 Spezielle Session von
WIRE - CA20127 - Abfallbasierte Bioraf-
finerietechnologien fiir die Beschleunigung
der Einfiihrung und Umsetzung nachhalti-
ger Energieprozesse,

Saal 6, S.263

09:00 - 10:30 PB 11: Digitale Methoden
und Werkzeuge,
Saal 7, S. 263

10:30-11:00 Kaffeepause &
Posterprasentation

11:0-15:00 WS: Biokohle,
Saal 8, S. 267

11:00 - 12:30 PB 12: Biomasse Brennstoff
und Aschecharakterisierung,
Saal 6, S. 266

-

Vortragssprache Deutsch Ty

11:00 - 12:30 PB 13: Flexible Bioenergie
und biomassebasierte hybride Energie-
systeme,

Saal 7, S. 266

12:30-13:30 Mittagspause &
Posterprasentation

13:30-15:00 WS: Landwirtschaft,
Saal 9, S. 268

13:30-15:00 WS: IEA TCP Special
Digitalization, Saal 7, S. 270

13:30-15:00 PB 14: Herstellung, Ver-
edelung und Nutzung von Biokohle und
Biomasseaschen,

Saal 6, S. 269

13:30-15:00 WS: Biodkonomie: Potenziale
und Grenzen ,griinen” Wachstums in der
osterreichischen forstbasierten
Biookonomie,

Saal 2, S. 269

16:00 Konferenzende

-

Simultaniibersetzung E¥= o
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Programme Overview

Tuesday, 17 of January, 2023

13:00-17:30 Pre-conference-excursion -
Waste2Value - Wien Simmering, p. 16

Wednesday, 18" of January, 2023
from 08:00 on: Registration
08:30-18:30 Excursions I-Ill, p. 16 & 17

09:00-17:00 1** European Pellet Forum,
Room 1, p. 20

09:00-12:30 IEA AMF TCP Task 63. SAF
Sustainable Aviation Fuels, Room 6, p.21

09:00-12:30 WS: IEA Cross TCP: Flexible
cross-sectoral energy supply,

Room 8, p.24

12:30-13:30 Lunch break

13:30-17:00 BEST Day: Sustainable biorefi-
neries and Digitalization,

Room 6, p.25

from 18:00 on: Get-together

Thursday, 19% of January, 2023
from 08:00 on: Registration

09:00-12:30 Highlights of Bioenergy
Research,

Room 1, p.253

09:00 - 10:30 PS 1: Sustainability of bio-
mass to energy solutions, Room 5, p. 252

Language marked in the detailed programme:

09:00 - 10:30 PS 2: Biochemical
Biorefineries, Room 6, p. 252

10:30-11:00 Coffee break &t
Poster Presentation

11:00 - 12:30 Plenary Session -
Scientific & Political Opening, Room 1, p. 27

12:30-13:30 Lunch break & Poster
Presentation

13:30 - 15:00 PS 3: Bioenergy - an essen-
tial part of the transition of our energy
system. Potentials and needs,

Room 5, p. 255

13:30 - 15:00 PS 4: BtL Biorefining
Processes,
Room 6, p. 255

13:30 - 15:00 PS 5: Bioenergy in Practice,
Room 8, p. 256

13:30 - 16:00 ERA-NET-Session
Room 9, p. 257

15:00-15:30 Coffee break &
Poster Presentation

15:30-17:00 PS 6: Clean and efficient
combustion and fixed bed gasification,
Room 5, p. 258

15:30-17:00 PS 7: Politics and Markets,
Room 6, p. 258

Language English =}=

15:30-17:00 PS 8: Green gas biorefining
processes,
Room 8, p. 259

15:30-17:00 PS 9: Biomass-based negative
emission technologies,
Room 9, p. 259

19:30 Conference Dinner

Friday, 20" of January, 2023
from 08:00 on: Registration

09:00 - 13:00 Winter meeting of the
Okosoziales Forum,
Room 1, S. 262

09:00 - 10:30 WS Torrefication,
Room 8, S. 264

09:00-12:30 WS: District heating
network 4.0,
Room 9, p. 265

09:00-10:30 PS 10: COST ACTION - Special
session of WIRE - CA20127 - Waste
biorefinery technologies for accelerating
sustainable energy processes,

Room 6, p.263

09:00 - 10:30 PS 11: Digital methods and
tools, Room 7, p. 263

10:30-11:00 Coffee break &t
Poster Presentation

Language German -_

11:00-15:00 WS: Biochar,
Room 8, p. 267

11:00 - 12:30 PS 12: Biomass fuel and ash
characterization,
Room 6, p. 266

11:00 - 12:30 PS 13: Flexible bioenergy and
biomass-based hybrid energy systems,
Room 7, p. 266

12:30-13:30 Lunch &
Poster Presentation

13:30-15:00 WS: Digital technologies in
forestry and agriculture,
Room 9, S. 268

13:30-15:00 PS 14: Production, upgrading
and use of green carbon and biomass
ashes,

Room 6, S. 269

13:30-15:00 WS: Bioeconomy: Potentials
and limits of ,green” growth in the Austri-
an forest-based bioeconomy,

Room 2, S. 269

13:30-15:00 WS: IEA TCP Special:
Digitalization in district heating supply,
Room 7, S. 270

16:00 Conference Closing

. . o=
Simultaneous translatnon;‘s —



POLYTEC

Biomass Energy

4 Biomass heating plants
(from 300 kW up to 30,000 kW)

47 Power generation
(from 200 kWel up to 20,000 kWel)

47 Poly-H.E.L.D. combustion technology

(low emissions — high efficiency)

47 CO, neutral trigeneration plants

' 47 Carbonisation of biomass / Biochar

POLYTECHNIK Luft- und Feuerungstechnik GmbH | HainfelderstraBe 69-71, 2564 Weissenbach, Austria
Tel. AT +43 (0) 2672 890-0, Tel. DE +49 (0) 7191 911 525-0, E-Mail: office@polytechnik.at



= Consulting, planning and construction supervision 8243 Pinggau
’ . - : SchulstralRe 1/2
= Biomass heating plants, local and district heating systems 03339 23195

office@ripa.at

Ringhofer & Partner GmbH

Building Design, Construction and Energy Planning

= Building technology, HVACS (heating, ventilation,

air conditioning, sanitary facilities) and electrics 6130 Schwaz
Franz-Josef-Stral’e 28/Top 4

= Construction planning www.ripa.at

New buildings - Reconstruction - Optimization

» Consulting services » Heat supply contracts » Construction supervision
» Feasibility studies and heating sales » Funding support
» Legal advice * Planning and tendering » Support with funding options

* Funding processes » Procurement ... from consulting to operation
» Evaluation of the current situation = Quality management ... one partner
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Messe Congress Graz: Saalaufteilung

Die Rdumlichkeiten der 7. Mitteleuropdischen Biomassekonferenz CEBC2023 befinden sich im 1. Stock des
Messe Congress Graz. Uber die Rolltreppe gelangen Sie zur Registrierung und zu den Konferenzsilen.
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Messe Congress Graz: Floor Map

The rooms for the 7* Central European Biomass Conference CEBC2023 are located on the 1st floor of the Messe Congress
Graz. You can reach the registration and the conference rooms with an escalator.
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Mit langjéhriger Planungserfahrung sorgen wir durch ganzheitliche Lésungen
national und international fiir Erneuerbare Energie in folgenden Bereichen:
Biomasse-Nah und Fernwérme - Strom aus Holz und Biogas - Photovoltaik -
Solarthermie - Abwéarmenutzung - Energiespeicherung - Gebd&udetechnik




7 SYNCRAFT®

Climate Positive Solutions.

#Reversepowerplant

10.000 tons cozeq.la
compared to natural gas

&\A“Q\_l.‘?—f....ﬁ .,
4 ( —
T
Together we create

climate positive cycles.

SynCraft Engineering GmbH (]33]
MunchnerstraBe 22, 6130 Schwaz
[=

office@syncraft.at

#JoinTeamSynCraft www.syncraftat



www.isoplus.at

NACHHALTIGKEIT als Verpflichtung.
VIELFALT als Programm.

QUALITATSPRODUKTE fiir die Energiewende.
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Programm Teil 1
Exkursionen, Plenarsitzung,
1. Europaisches Pelletforum,
BEST-Tag, IEA-Workshops

Teil 2 finden Sie ab Seite 251

Programme Part 1

Excursions, Plenary session,

1. European Pellet Forum, BEST-Day,
I[EA-Workshops

Part 2 you will find from page 251 on



Dienstad

17.
Janner
Vorab-Exkursion
Waste2Value - Wien Simmering mit Transfer
nach Graz

13:00 Treffpunkt 11. HaidequerstraBe 6, 1110 Wien

Fiir eine begrenzte Teilnehmerzahl (typischerweise fiir Reisen-
de iiber Wien) bietet BEST - Bioenergy and Sustainable Techno-
logies GmbH eine Fiihrung durch ihre Syngas Platform Wien an.
Kernelement ist ein T MW Dual Wirbelschicht Dampfvergaser der
zweiten Generation. Diese Anlage ist speziell darauf ausgelegt,
auch anspruchsvolle Einsatzstoffe wie minderwertige Biomasse,
Klarschlamm oder sortierte Fraktionen von MSW zu verarbeiten.

Die Tour beinhaltet auch einen Besuch der nachgeschalteten
Syntheseanlagen von BEST (z. B. die Fischer-Tropsch-Anlage mit
1 Barrel pro Tag), die direkt mit dem Vergaser verbunden sind.

Die Fiihrung beginnt am 17. Janner 2023 um 13:00
in der 11. HaidequerstraBe 6, 1110 Wien-Simmering
(Eingang  Gewerbeabfallverbrennungsanlage  Wien  Ener-
gie). Der Standort ist ca. 15 Minuten vom Flughafen Wien
und 30 Minuten vom Stadtzentrum entfernt. Nach der

Tour werden die Teilnehmer nach Graz (Messe) gebracht.

17:30 Ankunft Graz
Kosten EUR 100,-

Anmeldung unter: https://best-research.eu/content/precon-
ferenceexcursion
Riickfragen: office-wien @best-research.eu

Tuesday

17.

Pre-conference-excursion January

Waste2Value - Wien Simmering
with transfer to Graz

13:00 Meeting point: 11. HaidequerstraBe 6, 1110 Vienna

For a limited number of attendees (typically for those tra-
velling via Vienna) BEST - Bioenergy and Sustainable Techno-
logies GmbH offers a tour of its Syngas Platform Vienna.
The core element of the platform is a 1 MW second genera-
tion Dual Fluidized Bed Steam Gasifier. This plant is specifical-
ly designed to also handle challenging feedstock, such as low
quality biomass, sewage sludge or sorted fractions of MSW.

The tour will also include a visit of BEST's downstre-
am synthesis plants (eg. the barrel per day Fischer-Tropsch
plant), which are directly connected to the gasifier.

The tour will start on the 17" of January, 2023 at 13:00 at
11. HaidequerstraBe 6, 1110 Wien-Simmering (entrance to the
industrial waste incineration plant of Wien Energie). The site is ab-
out 15 minutes from Vienna Airport and 30 minutes from the city
centre. Attendees will be transferred to Graz (Messe) after the tour.

17:30 Arrival Graz
Cost EUR 100,-

Registration: https://best-research.eu/content/preconferen-
ceexcursion
Further requiries: office-wien@best-research.eu
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Mittwoch

18.

Exkursion | Janner
Biomasse-KWK

09:00 Abfahrt Messe Congress Graz

10:30 - 12:00 FKF Forst- und Gutsverwaltung
200 kWel Syncraft®-Holzgas KWK-Anlage - Warme fiir Garnelenzucht
Biokohle als Grillkohle

12:00 Abfahrt

12:15 - 13:15 Mittagessen

13:30 - 15:00 Cycle Energy
Dampf-KWK 4,3 MWel 12 MWth
Pelletierung
Erzeugung von Prozessdampf fiir die Industrie

15:00 - 16:30 Miinzer Bioindustrie GmbH
Biodiesel aus Dampf-Warme von Cycle Energy

18:00 Ankunft Messe Congress Graz

. dnesday
Excursions s
18.
uary
Excursion | ol
Biomass-CHP

09:00 Departure Messe Congress Graz

10:30 - 12:00 FKF Forst- und Gutsverwaltung
200 kWel Syncraft®-Wood gas CHP-plant - Heat for shrimp farming
Biochar as barbecue charcoal

12:00 Departure

12:15 - 13:15 Lunch

13:30 - 15:00 Cycle Energy
Steam-CHP 4,3 MWel 12 MWth
Pelleting
Generation of process steam for industry

15:00 - 16:30 Miinzer Bioindustry GmbH
Biodiesel from steam heat from Cycle Energy

18:00 Arrival Messe Congress Graz



Exkursionen

Exkursion |l
Effiziente Nahwarmeanlagen

09:00 Abfahrt Messe Congress Graz

10:00 - 12:00 Nahwirme Strass
3 MW Biomassekessel plus Absorptionswarmepumpe von
Steps Ahead

12:00 Abfahrt
12:45 - 13:45 Mittagessen

14:00 - 16:00 Stadtwerke Gleisdorf - Nahwirme
800 kW mit Warmepumpe aus Abwasser bei Kldranlage
Faulgasnutzung

16:15 - 17:45 Nahwirme St. Ruprecht a.d. Raab
1.800 kW Biomassekessel
1.590 m? thermische Solaranlage und 138.000 Liter
Pufferspeicher

18:30 Ankunft Messe Congress Graz

Mittwoch

18.

Exkursion Il Janner
Zukunft Biogas und Griines Gas

10:00 Abfahrt Messe Congress Graz
10:30 - 11:30 Energie Graz
Solares Speicherprojekt Helios Graz
12:15 - 13:30 Mittagessen
14:00 - 15:15 Biogas Uidl
Zukunftsfitte Biogasanlagen - wo geht die Reise hin?
15:30 - 17:30 Renewable Gas Field

Herstellung von griinem Wasserstoff und griinem Gas aus
Biogas und PV-Uberschussstrom

18:00 Ankunft Messe Congress Graz

Organisatorisches: Der Treffpunkt fiir Exkursion | und Il ist um 08:30 Uhr bei der Konferenzregistrierung, der fiir Exkursion Il um 09:30. Die Abfahrt fiir die Exkursionen
erfolgt nach der Registrierung (Treffpunkt 1. Stock Messe Congress Graz).

Vortragssprache: deutschsprachige Fiihrung mit englischsprachiger Begleitung

Excursions

Excursion Il
Efficient district heating plants

09:00 Departure Messe Congress Graz

10:00 - 12:00 Nahwirme Strass
3 MW Biomass boiler plus absorption heat pump from
Steps Ahead

12:00 Departure

12:45 - 13:45 Lunch

14:00 - 16:00 Stadtwerke Gleisdorf - Nahwarme
800 kW with heat pump from waste water at sewage
treatment plant
utilization of digester gas

16:15 - 17:45 Nahwarme St. Ruprecht a.d. Raab
1.800 kW Biomass boiler
1.590 m? thermic solar plant and 138.000 liter buffer tank

18:30 Arrival Messe Congress Graz

\Nednesda\/

18.

January

Excursion Il
Future of Biogas and Green Gas

10:00 Departure Messe Congress Graz
10:30 - 11:30 Energie Graz
Solar storage project Helios Graz
12:15 - 13:30 Lunch
14:00 - 15:15 Biogas Uidl
Future-proof biogas plants - where are we heading?
15:30 - 17:30 Renewable Gas Field
Production of green hydrogen and green gas from biogas
and excess PV power
18:00 Arrival Messe Congress Graz

Organisation: The meeting point for Excursion | and Il is at 08:30, for Excursion Ill at 09:30 at the conference registration. Departure starts after a successful registration

(meeting point 1st floor, Messe Congress Graz).
Language: German-speaking guides with English-speaking support
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less COZ in wood ch:ppmg

Under the brand name BIBER, the upper Austrian family business Eschlbock develops and produces woodchippers for
entrepreneurs in biomass shredding as well as an own product line for foresting, agriculture and professional gardening.

In addition to their robustness and durability, the Biber disc wheel chippers are characterized by a large disc wheel. This
provides outstanding performance values, saves fuel and produces precise chippings. Anew GS-tested safety edge enables
practicable work. Eschlbock offers a completely screwed instead of welded chipping rotor which ensures an extended life
cycle of the entire machine. Considering sustainability all parts can be replaced separately in case of abrasion.
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e future
belongs to
renewables

How to use biomass,
solar and ambient heat

— eral Ministr ° o Benefit from klimaaktiv know-how on
;;C.’:)lu blic of Aus}icria kllm a akuv sustainable heating with renewables,
I Acti Envi 000 possible uses of renewable raw materials and
Climate Action, Environment, wood flows in Austria. Find out more at
Energy, Mobility, klimaaktiv.at/renewables.

Innovation and Technology



1. Europaisches Pelletforum, Saal 1, 09:00 - 17:00
Pelleteinsatz am Warmemarkt - aktuelle Entwicklungen und Ausblick

.Die europdischen Pelletmdrkte sind aktuell von einem
rasanten  Wachstum und einer enormen Volatilitdt
gekennzeichnet. Das 1. Europdische Pelletforum bietet eine
ideale Gelegenheit, sich in dieser turbulenten Zeit ein Bild
von den aktuellen Entwicklungen zu machen und sich mit
Branchenvertreterlnnen aus ganz Europa auszutauschen.”

Chair: Christian Rakos,
Geschdftsfiihrer proPellets Austria, AUT

09:00 - 10:00 - Internationale Marktentwicklung

Big picture - Jiingste Entwicklungen auf den internationalen Pellet-
markten, Gilles Gauthier, Hawkins Wright Itd., GBR

Marktsituation von Pellets in Siidosteuropa
Branko Glavonjic, Universitét Belgrad, SRB

Den angespannten Pelletmarkt meistern — Erfahrungen aus Osterreich
Christian Rakos, proPellets Austria, AUT

10:00 - 11:00 - Paneldiskussion mit europdischen Pelletverbanden:
aktuelle Entwicklungen und Zukunftsperspektiven

Pablo Rodero, Avebiom, SPA

Eric Vial, Propellet France, FRA

Martin Bentele, Deutscher Energieholz- und Pellet-Verband e.V., DEU
Matteo Favero, AIEL, ITA

Adam Sarnaszek, Biocontrol, POL

11:00 - 11:30 — Kaffeepause
11:30 - 12:15 - Politische Situation und Kommunikation

Status der RED llI-Verhandlungen und anderer wichtiger politischer
Dossiers in Briissel, Irene di Padua,
Bioenergy Europe, BEL

. - ]
Simultaniibersetzung SHE pamm

1°* European Pellet Forum, Room 1, 09:00 - 17:00
Use of Pellets in the Heating Market — Current Developments & Prospects

.The European pellet markets are currently characterized by
rapid growth and enormous volatility. The European Pellet
Forum offers an ideal opportunity to get an idea of the cur-
rent developments in these turbulent times and to exchange
ideas with industry representatives from all over Europe.”

Chair: Christian Rakos,
CEO proPellets Austria, AUT

09:00 - 10:00 - International Market Development

Big picture — Recent developments in international pellet markets
Gilles Gauthier, Hawkins Wright Ltd., GBR

Pellet market situation in Southeastern Europe
Branko Glavonjic, University of Belgrade, SRB

Coping with tight pellet markets — the Austrian experience
Christian Rakos, proPellets Austria, AUT

10:00 - 11:00 Panel debate with European Pellet Associations: Current
developments and future perspectives

Pablo Rodero, Avebiom, SPA

Eric Vial, Propellet France, FRA

Martin Bentele, Deutscher Energieholz- und Pellet-Verband e.V., GER
Matteo Favero, AIEL, ITA

Adam Sarnaszek, Biocontrol, POL

11:00 - 11:30 — Coffee Break

11:30 - 12:15 - Policy situation and communication

Status of RED Ill negotiations and other important policy files in
Brussels, Irene di Padua, Bioenergy Europe, BEL

. q SRpe pa—
Simultaneous translatlonﬁ. puman
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Mittwoch

18.

Bewidltigung der Kommunikationsherausforderungen Janner
der Pelletsbranche, Yana Kravtsova, Enviva, USA

12:15 - 12:45 Speed—DatinE der Teilnehmenden zur
Unterstiitzung des Networkings

12:45 - 14:00 Mittagspause

14:00 - 15:30 Marktsituation aus Sicht der Industrie

Marktentwicklung von Pelletpressen, Lars Bloch, Andritz, DNK
Marktausblick fiir Pelletkessel, Stefan Ortner, OkoFEN, AUT

Ausblick Pelletofen, Marco Palazzetti, Palazzetti, ITA

Perspektiven eines Pelletproduzenten, Helmut Schellinger, Schellinger KG, DEU

Die Landschaft des Pellethandels, Michael Christensen,
CM Biomass, DNK

Umstellung der Ener ieversorgung der Industrie auf Pellets
Staffan Lundegardh, BKtech, SWE.

15:30 - 16:00 Kaffeepause

16:00 - 17:00 Untermauerung der Argumente fiir Holzpellets — Stimmen
aus der Wissenschaft

Biomasse und Klimaschutz, Michael Obersteiner, Universitit Oxford, AUT

Okobilanz / COZ-BiIanz verschiedener Waldnutzungsszenarien
Hubert Roder, Fachhochschule Weihenstephan-Triesdorf, GER

17:00 NETWORKING &t FLYING DINNER

Nahere Informationen finden Sie unter: www.pellet-forum.eu

(EN) pro»pellets

Austria

Wednesday

18.

. o January
Managing communication challenges of the pellet sector,

Yana Kravtsova, Enviva, USA

12:15 - 12:45 Speed dating of participants to facilitate networking
12:45 - 14:00 Lunch break

14:00 - 15:30 Market Situation from Industry

Market development of pellet mills, Lars Bloch, Andritz, DNK

Pellet boiler market outlook, Stefan Ortner, OkoFEN, AUT

Pellet stove outlook, Marco Palazzetti, Palazzetti, ITA

Perspectives of a pellet producer, Helmut Schellinger, Schellinger KG, GER
The pellet trading landscape, Michael Christensen, CM Biomass, DNK
Converting the energy supply of industries to pellets,

Staffan Lundegardh, BKtech, SWE

15:30 - 16:00 Coffee Break

16:00 - 17:00 Underpinning the case for wood pellets — Voices of Science
Biomass and climate mitigation, Michael Obersteiner, Universitdt Oxford, AUT

Ecobalance / CO, balance of different Forest use scenarios
Hubert Rdder, Fachhochschule Weihenstephan-Triesdorf, GER

17:00 NETWORKING & FLYING DINNER

Detailed information can be found at: www.pellet-forum.eu

pro»pellets

Austria




WS: IEA AMF TCP Task 63: Sustainable Aviation Fuels

Nationale Strategien und Herausforderungen fiir die Markteinfiihrung von

nachhaltigen Flugtreibstoffen, Saal 6, 09:00 - 12:30

JInternational abgestimmte politische MaBnahmen
sind bei der Markteinfiihrung von nachhaltigen
Flugtreibstoffen essentiell.”

Chair: Dina Bacovsky, BEST, AUT

.Nachhaltige Flugtreibstoffe bergen ein groBes
Potenzial die Emissionen des Flugverkehrs zu
senken.”

Co-Chair: Doris Matschegg, BEST, AUT
09:00 Beginn

Der IEA AMF TCP Task 63 organisiert einen internationalen Work-
shop iiber nachhaltige Flugkraftstoffe. Der Workshop befasst sich mit
dem Status quo, den Herausforderungen bei der Markteinfiihrung und
den nationalen Strategien zur Bewdltigung dieser Herausforderungen.

Nachhaltige Flugtreibstoffe haben das Potenzial, die Treibhausgas-
emissionen des Luftfahrtsektors zu verringern. Dieses Potenzial bleibt
jedoch weitgehend ungenutzt, da solche Treibstoffe derzeit nur 0,05
% des gesamten Flugtreibstoffverbrauchs ausmachen. Ziel von Task
63 ist es, die Grundlage fiir gemeinsame F&E-Arbeiten zu nachhalti-
gen Flugtreibstoffen innerhalb von AMF TCP zu schaffen. Daher kon-
zentriert sich der Task darauf, Interessenvertreterinnen und Exper-
tinnen zu identifizieren, die nationale Situation der Teilnehmerinnen

WS: IEA AMF TCP Task 63: Sustainable Aviation Fuels

National strategies and challenges for the market uptake of Sustainable Aviation Fuels,

Room 6, 09:00 - 12:30

«Internationally coordinated policies are essential
in bringing Sustainable Aviation Fuels to market."”

Chair: Dina Bacovsky, BEST, AUT

.SAF hold great potential for reducing emissions
from aviation.”

Co-Chair: Doris Matschegg, BEST, AUT

09:00 Opening

The IEA AMF TCP Task 63 is organizing an international workshop on sus-
tainable aviation fuels. The workshop includes status quo, challenges for
market introduction and national strategies to overcome those challenges.

Sustainable aviation fuels have the potential to reduce greenhouse gas
emissions from the aviation sector. However, this potential remains largely
untapped as such fuels currently represent only 0.05% of total jet fuel
consumption. The aim of Task 63 is to lay the foundation for collabora-
tive RD&D work on sustainable aviation fuels within AMF TCP. Thus, the
Task is focusing on identifying stakeholders and experts, assessing the
national situation of the participants, and facilitating information ex-
change on the main challenges in launching sustainable aviation fuels.

Mittwoch

18.

Janner

Vortragssprache Englisch =

zu bewerten und den Informationsaustausch liber die wichtigsten Heraus-
forderungen bei der Einfiihrung nachhaltiger Flugtreibstoffe zu erleichtern.

Das Technology Collaboration Programme on Advanced Motor Fu-
els (AMF) der IEA zielt darauf ab, den Verkehr auf den Weg der Nach-
haltigkeit zu bringen und die verkehrsbedingten Umweltauswir-
kungen zu verringern, indem es die Zusammenarbeit in Forschung,
Entwicklung und Bereitstellung fordert und unvoreingenommene Infor-
mationen Uber saubere, energieeffiziente und nachhaltige Treibstoffe und
die damit verbundenen Motoren- und Fahrzeugtechnologien bereitstellt.

Das vollstdndige Programm wird auf der Taskwebsite bekannt gegeben.
https://iea-amf.org/content/events/web_seminars/workshop_task63_cebc

12:30 Ende

Sustainable Technologies
= Bundesministerium

F ngrgin, B

21

a
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18.

January

This international workshop serves to present and discuss the task results,
complemented with external presentations.

The IEA’s Technology Collaboration Programme on Advanced Motor Fuels
(AMF) aims at putting transport on track to sustainability and reducing
environmental impacts from transport by fostering collaborative research,
development, deployment and providing unbiased information on clean,
energy-efficient and sustainable fuels and related engine and vehicle tech-
nology.

The full programme will be announced on the task website:
https://iea-amf.org/content/events/web_seminars/workshop_task63_cebc

12:30 End

@ BEST

Bioenergy and
Sustainable Technologies
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NATURGAS IM
FAKTENCHECK

Was ist eigentlich Naturgas?
Naturgas = Grines Gas = Biomethan = 100 % erneuerbar

Wie wird Naturgas hergestellt?

Kichen- und Gewerbeabfdlle sowie Kompost
und andere organische Stoffe werden ge-
sammelt und in einer speziellen Anlage

unter Luftabschluss vergoren. Das daraus
entstandene Biogas wird auf Erdgasqualitat auf-
bereitet. Es entspricht strengsten Anforderungen
und ist zu 100 % erneuerbare Energie.

Naturgas ist CO,-neutral und feinstaubfrei.

NATURGAS-
KREISLAUF

Naturgas als Partner
der Energiewende

Umweltfreundliches Erdgas kann klima- : —
schonend durch CO,-neutrales Naturgas ersetzt ( [10]
werden und wird so zum perfekten Partner @ \\/' |_|
der erneuerbaren Energien. Die eingespeisten 8/06 o
Mengen werden jahrlich durch autorisierte AS-ANLAGE

Stellen kontrolliert, dhnlich wie beim Okostrom
und werden dann den Kundlnnen von den
Energielieferanten angeboten. Dieses grine
Gas kann auch in groBen Mengen gespeichert

werden.

Endlich richtig

Gas geben!
lhre Vorteile mit Alle Erdgaskundinnen
erneuverbarem Naturgas: konnen ohne Umstellungen

einfach umsteigen und
Grines Naturgas, (auch) aus der . J . ENERGIE

. . . e die bestehende Heizungs-

Steiermark for die Steiermark, erhoht die ' N E 'l' Z E
regionale Wertschépfungskette und damit anlage gor?z normal weiter STEIERMARK
die Versorgungssicherheit. Es wird vom nutzen. Weitere Infos unter
Land Steiermark als erneuerbarer www.e-nefze.at oder Ein Unierneh p
Energietréger anerkannt. unter 0316 90555 ENERGIE STEIERMARK

BEZAHLTE ANZEIGE



Austroflex

Rohr-Isoliersysteme

Austroflex - the expert for flexible, insulated
pipe systems and insulation solutions

AustroPUR

District heating-pipe system
the sustainable and
energy-efficient solution

Maximum

flexibility
Minimal

heat losses
Up to 38% CO2 savings

klimaaktiv
000

Partner

www.austroflex.com



Workshop: IEA-Cross-TCP: Wege zu einer flexiblen, sektoriibergreifenden
Energieversorgung mit besonderem Fokus auf die Flexibilitatsbereitstellung iiber

den Wiarmesektor; Saal 8, 09:00 - 12:30

.Ein nachhaltiges Energie- und Ressourcensystem erfor-
dert ein intelligentes, sektoriibergreifendes Zusammen-
spiel verschiedener nachhaltiger Technologien. Hierzu
gilt es die Flexibilitdt steuerbarer Technologien deutlich
zu verbessern, sodass sie die Volatilitdit nicht steuerbarer

Technologien kompensieren kénnen."
Chair: Markus Golles, BEST, AUT

Eine nachhaltige Energieversorgung kann nur durch ein flexibles, sektor-
libergreifendes Energiesystem erreicht werden, das die spezifischen Vor-
teile der verschiedenen erneuerbaren Technologien nutzt. In diesem Work-
shop werden die moglichen Rollen der verschiedenen Technologien auf der
Grundlage einer vorangegangenen Diskussion lber die Anforderungen der
Nutzer in den verschiedenen Sektoren diskutiert. Dabei soll ein besonderer
Schwerpunkt auf die Flexibilitdtsbereitstellung durch den Warmesektor ge-
legt werden. Durch das Zusammenbringen verschiedener Nutzer, die die
kommunale und industrielle Energieversorgung reprasentieren, und Tech-
nologieexperten aus verschiedenen IEA Technology Collaboration Program-
mes (TCP) soll der Workshop eine ganzheitliche Diskussion unterstiitzen.

09:00 Beginn

Block A - Kiinftige Anforderungen der Nutzer und die besondere
Rolle der Biomasse

Vision der Wien Energie fiir eine nachhaltige Energie- und
Ressourcenversorgung von Wien
Teresa Schubert, Wien Energie, AUT

WS: |IEA-Cross-TCP: Towards a flexible, cross-sectoral energy supply
With a special focus on the flexibility provision via the heating sector

Room 8, 09:00 - 12:30

LA sustainable energy and resource system requires
intelligent, cross-sectoral interaction of different sus-
tainable technologies. To achieve this, the flexibility of
controllable technologies must be significantly improved
so that they can compensate for the volatility of non-
controllable technologies.”

Chair: Markus Gélles, BEST, AUT

A sustainable energy supply can only be achieved by a flexible, cross-
sectoral energy system utilizing the specific advantages of the vari-
ous renewable technologies. In this workshop possible roles of dif-
ferent technologies will be discussed based on a previous discussion
of the users' needs among the different sectors. A special focus will be
given on the flexibility provision via the heating sector. By bringing to-
gether different users, representing municipal and industrial energy sup-
ply, and technological experts from different IEA Technology Collabora-
tion Programmes (TCP) the workshop will encourage a holistic discussion.

09:00 Opening

Block A - Future needs of users and the specific role of biomass
Wien Energie's vision of a sustainable energy and resource supply of
Vienna

Teresa Schubert, Wien Energie, AUT

Small-scale municipal energy system
tbd.
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Mittwoch

18.
Janner
Kommunale Energiesysteme im kleinen MaBstab

tod.

Digitalisierung von Energiemanagementsystemen - Optimierung
innerbetrieblicher Energienutzung
Maria Lechner, INNIO Jenbacher, AUT

Flexible Bioenergie und Systemintegration
Elina Méaki, VTT Technical Research Centre of Finland, FIN

10:30 Kaffeepause
11:00 Block B - Bereitstellung von Flexibilitdat durch den Warmesektor

Transformation von Fernwirme- und Fernkdltesystemen hin zu einem
hohen Anteil an erneuerbaren Energien
Ingo Leusbrock, AEE INTEC & IEA DHC Annex TS5, AUT

Méglichkeiten durch Langzeitwarmespeicher und solarthermische
GroBanlagen
Viktor Unterberger, BEST & IEA SHC Task 68, AUT

Méglichkeiten durch Digitalisierung am Beispiel von Fernwarme und
Fernkilte
Dietrich Schmidt, Fraunhofer IEE & IEA DHC Annex TS4, DEU

12:00 Interaktive Diskussion mit den Vortragenden und dem Publikum

12:30 Mittagspause

@ BEST _

Bioenergy and Vortragssprache Englisch S¥=

Sustainable Technologies

Wednesday

18.

January

Digitalization of energy management systems- optimization of inter-
nal energy use as an industrial company
Maria Lechner, INNIO Jenbacher, AUT

Flexible Bioenergy and System Integration
Elina Méaki, VTT Technical Research Centre of Finland, FIN

10:30 Coffee Break
11:00 Block B - Flexibility provision via the heating sector

Transformation of District Heating and Cooling Systems towards high
share of renewables
Ingo Leusbrock, AEE INTEC & IEA DHC Annex TS5, AUT

Opportunities offered by long-term heat storages and large-scale
solar thermal systems
Viktor Unterberger, BEST &t IEA SHC Task 68, AUT

Possibilities through digitalization on the example of District Heating
and Cooling
Dietrich Schmidt, Fraunhofer IEE & IEA DHC Annex TS4, DEU

12:00 Interactive discussion of audience and presenters

12:30 Lunch break

@ BEST

Bioenergy and
Sustainable Technologies

Language English 4=



BEST-Halbtag: Nachhaltige Bioraffinerien und Digitalisierung

Saal 6, 13:30 - 17:00

.BEST hat sich laufend von der iiberwiegend technologisch
orientierten Forschung in Richtung der Entwicklung von
Prozessketten und der Systemintegration von Technolo-
gien weiterentwickelt. Heute sind digitale Methoden und
Werkzeuge unsere wertvollen Begleiter, mit deren Hilfe wir
die industrielle Umsetzung von nachhaltigen Bioraffine-
rien und erneuerbaren Energietechnologien unterstiitzen.”

Chair: Walter Haslinger, BEST, AUT

Der BEST Tag bietet Highlights der industrie-relevanten Forschungsaktivita-
tenvon BESTund fokussiertaufnachhaltige Bioraffinerien und Digitalisierung
als Enabler fiir erfolgreiche Technologieentwicklung und -implementierung.

13:30 Block 1: Bioraffinerien

Erkenntnisse aus der Biomasseverbrennung fiir zukiinftige Bioenergie-
anwendungen
Manuel Schwabl, Fixed Bed Conversion Systems

Perspektiven zur Dekarbonisierung und regionalen Bereitstellung griiner
Kohlenstoffprodukte
Elisabeth Wopienka, Fixed Bed Conversion Systems

Biokonversionsverfahren fiir erneuerbare Energie und/oder biologische
Kohlenstoffabscheidung und -nutzung
Bernhard Drosg, Bioconversion Systems

"= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

"= Bundesministerium
Arbeit und Wirtschaft

FFG

Forschung wirkt

BEST-Day: Sustainable biorefineries and
digitalization, Room 6, 13:30 - 17:00

,BEST has continuously developed from mostly technology
related research towards a strong focus on full process
chains and system integration. Today, digital methods and
tools are our valuable companions for supporting industrial
implementation of sustainable biorefineries and
renewable energy technologies.”

Chair: Walter Haslinger, BEST, AUT

The BEST day provides highlights of industry relevant research activities of
BEST and focusses on sustainable biorefineries and digitalization as enabler
for successful technology development and technology implementation.

13:30 Session 1: Biorefineries

Learnings from biomass combustion towards future bioenergy ap-
plications
Manuel Schwabl, Fixed Bed Conversion Systems

Green Carbon perspectives for regional sourcing and decarbonization
Elisabeth Wopienka, Fixed Bed Conversion Systems

Bioconversion processes for renewable energy and/or biological car-
bon capture and utilisation
Bernhard Drosg, Bioconversion Systems

Second generation biomass gasification: The Syngas Platform Vienna
- current status and outlook
Matthias Kuba, Fluidized Bed Conversion Systems

"= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

"= Bundesministerium
Arbeit und Wirtschaft

FFG

Forschung wirkt

Mittwoch

18.

Janner

Vortragssprache Englisch i—i-:.

Biomasse-Gaserzeugung der 2. Generation: Syngas
Plattform Wien - aktueller Status und Ausblick
Matthias Kuba, Fluidized Bed Conversion Systems

Nutzung von Syngas fiir die Herstellung von Treibstoffen und Chemi-
kalien - aktuelle Entwicklungen und Ausblick
Gerald Weber, Fluidized Bed Conversion Systems

15:00 Kaffeepause
15:30 Block 2: Digitale Methoden, Werkzeuge und Nachhaltigkeit

Evaluierung verschiedener numerischer Modelle fiir die Vorhersage der
NOx-Emissionen von Biomassekleinfeuerungen
Michael Essl, Modelling & Simulation

Digitalisierung als Basis fiir den effizienten und flexiblen Betrieb von
erneuerbaren Energietechnologien
Markus Golles, Automation & Control

Intelligente Regelung gekoppelter Warmenetze
Valentin Kaisermayer, Automation & Control

Integrierte Energieldsungen fiir eine dezentrale Energiezukunft -
Herausforderungen und Losungsansatze
Michael Zellinger, Smart- & Microgrids

Das Wood-Value-Tool: Techno-6konomische Bewertung des holzver-
arbeitenden Sektors in Osterreich
Marilene Fuhrmann, Sustainable Supply & Value Chains

17:00 Ende

@ BEST

Bioenergy and
Sustainable Technologies

Language English Sf2 Wedr‘eSda\/
Utilization of syngas for the production of fuel and 1 8 .
chemicals - recent developments and outlook
Gerald Weber, Fluidized Bed Conversion Systems January

15:00 Coffee break
11:00 Session 2: Digital methods, tools and sustainability

Evaluation of different numerical models for the prediction of NOx
emissions of small-scale biomass boilers
Michael Essl, Modelling & Simulation

Digitalization as the basis for the efficient and flexible operation of
renewable energy technologies
Markus Golles, Automation & Control

Smart Control for Coupled District Heating Networks
Valentin Kaisermayer, Automation & Control

Integrated energy solutions for a decentral energy future - challenges
and solutions
Michael Zellinger, Smart- & Microgrids

Wood-Value-Tool: Techno-economic assessment of the forest-based
sector in Austria
Marilene Fuhrmann, Sustainable Supply & Value Chains

17:00 End

@ BEST

Bioenergy and
Sustainable Technologies
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HARGASSNER @)

ZUKUNFTSSICHER UND REDUCE YOUR CARBON

NACHHALTIG MIT FOOTPRINT WITH

BIOMASSE! EIOMASS!

PELLET- | STUCKHOLZ- | HACKGUT-HEIZUNGEN
PELLET | WOOD LOG | WOOD CHIP HEATING

OPTIMALER HEIZKOMFORT Energiesparend & kostensenkend
OPTIMUM HEATING COMFORT Energy-saving & cost-cutting

KOMPLETTANBIETER von 6 — 2500 kW (KWK, Partikelfilter..)
FULL-SERVICE PROVIDER from 6 — 2,600 kW (CHP, eCleaner..)

39 JAHRE ERFAHRUNG Hohe Qualitat & innovative Heiztechnik
39 YEARS OF EXPERIENCE High quality & innovative heating technology




Donnerstad

19.

Janner

.Bei der Bioenergie-Technologie und -Forschung ist
Osterreich durch die ForschungsmaBnahmen des Klima-
schutzministeriums weltweiter Spitzenreiter. Die Mittel-
europdische Biomassekonferenz bietet dabei die passende
Plattform, um Forschungsergebnisse zu prdsentieren und
die mdgliche Bedeutung der Bioenergie zur Erreichung der
Energie- und Klimaziele zu unterstreichen.”

Plenarsitzung

Losungen fiir die Energie- und
Umweltkrise, Saal 1, 11:00 - 12:30

Moderation: Andreas Jager, Klimajdger & ORF-Journalist Leonore Gewessler, Bundesministerin, BMK

11:00 Wissenschaftliche & Politische Eréffnung Impulsvortrag: Neue Wege im Klimaschutz: Negative Emissionen mit
Bioenergie, Tobias Proll, BOKU

Eroffnung & BegriiBung
Franz Titschenbacher, Préisident OBMV & LK STMK
Giinter Liebel, Generalsekretdr Bundesministerium fiir Land- und
Forstwirtschaft, Regionen & Wasserwirtschaft
Hermann Hofbauer, TU Wien & Vorsitzender Wissenschaftliches
Komitee

GruBworte durch die Energie Steiermark

Podiumsdiskussion: Bioenergie - Losungen fiir die Energie- und Umweltkrise

Leonore Gewessler, Bundesministerin fiir Klimaschutz, Umwelt, Energie,
Mobilitdt, Innovation und Technologie

Giinter Liebel, Generalsekretdr Bundesministerium fiir Land- und
Forstwirtschaft, Regionen & Wasserwirtschaft

Franz Titschenbacher, Prisident OBMV & LK STMK

Simone Schmiedtbauer, EU-Abgeordnete
Tobias Proll, BOKU

Franz Maier, Prasident Umweltdachverband
Bernd Vogl, GF Klima- und Energiefonds

Die Energie- und Klimastrategie der Bundesregierung,
Leonore Gewessler, Bundesministerin fiir Klimaschutz, Umwelt, Energie,

Mobilitdt, Innovation und Technologie -
I Simultaniibersetzung Sf=

Filmpremiere: Der natiirliche Kohlenstoffkreislauf
12:30 - 13:30 Mittagspause & Posterprasentation

1 Simultaneous translation ‘_"'—-F_—:-:: JAustria is a global leader in bioenergy technology and Sda\/
PI en a ry SESSIOn - research with its research programs. The Highlights of T‘ﬂ\)\r
] Bioenergy Research present a comprehensive overview 9
SO I u tl ons fo r th € €nec rgy an d of the latest developments and potential contributions to 1 u
. . . hievi /i /s
climate crisis, Room 1, 11:00 - 12:30 L R L January

Leonore Gewessler, Federal Minister, BMK

Host: Andreas Jager, Klimajdger & ORF-Journalist

11:00 Scientific & Political Opening Keynote: New ways for climate protection: negative emissions with

bioenergy, Tobias Proll, BOKU
Opening Statements:
Franz Titschenbacher, President ABA & LK STMK
Giinter Liebel, General Secretary, Federal Ministry of Agriculture,
Forestry, Regions and Water Management
Hermann Hofbauer, TU Wien & Chair of the Scientific Committee

Panel discussion: Bioenergy - Solutions for the energy and climate crisis

Leonore Gewessler, Federal Minister for Climate Action, Environment,
Mobility, Innovation and Technology

Giinter Liebel, General Secretary, Federal Ministry of Agriculture, Forestry,
Regions and Water Management

Opening remarks by Energie Steiermark

The energy and climate strategy of the Federal Government,
Leonore Gewessler, Federal Minister for Climate Action, Environment,
Mobility, Innovation and Technology

Movie premiere: The natural carbon cycle

Franz Titschenbacher, President OBMV & LK STMK
Simone Schmiedtbauer, EU-Delegate

Tobias Proll, BOKU

Franz Maier, President Umweltdachverband

Bernd Vogl, GF Klima- und Energiefonds

12:30 - 13:30 Lunch break & Poster presentation
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Mittwoch

18

Janner
09:00-17:00 Uhr
1. Europaisches Pelletforum

Pelleteinsatz am Warmemarkt -
aktuelle Entwicklungen & Ausblick

\Nednesday

18

January
09:00 am-05:00 pm

1°* European Pellet Forum
Use of pellets in the heating market -
current developments & prospects
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Wood pellets market in the Western Balkans: state
and prospects for development

Prof. dr Branko Glavonji¢

University of Belgrade-Faculty of Forestry

Kneza ViSeslava 1, 11030 Belgrade

email: branko.glavonjic@sfb.bg.ac.rs

Homepage: https://www.sfb.bg.ac.rs/branko-glavonjic/

Wood pellet production in the Western Balkans continued to grow at double-digit growth rates. In 2021,
1.81 million tonnes were produced, which was 12.4% more than in the previous year. The popularity of
wood pellets and the growth of its consumption led to to the growth of the number of producers. In 2021
there were 259 producers in the region, out of which 68 certified their production according to the EN
plus certificate system. The number of the certified producers in 2021 increased by 7 compared to 2020
(EN plus, Bioenergy Europe, 2022).

As a result, the production of certified pellets increased. In 2021 it amounted to 1.27 million tonnes, i.e.
70.2% of the total production. Serbia maintained its leading position in the production of wood pellets in
2021 with a production of 470 thousand tonnes, while Croatia and Bosnia and Herzegovina took second
and third place respectively .

The Western Balkans is a net exporter of wood pellets, since the exports from this region is almost three
times larger than the corresponding imports. The export of pellets in 2021 amounted to 780 thousand
tonnes and compared to 2020, it increased by only 7 thousand tonnes or 0.9%; 514 thousand tonnes
were exported to countries outside the region, while the rest represented exports/imports within the
region. The main exporting destination in 2021 was ltaly, to which 467 thousand tonnes were exported,
i.e. almost 60% of the total export. The largest exporters of wood pellets are Croatia and Slovenia, with
a share of 46% and 26% in the total export of the region in 2021 respectively (UN Comtrade database,
2022).

The export/production ratio continued the decreasing trend from previous years and in 2021 it amounted
to 43.2%. The largest quantities of produced wood pellets are consumed in the countries of the region.
That consumption continued its growth trend in 2021, reaching the level of 1.42 million tonnes, which
was 8.4% more than in 2020. Serbia has maintained its leading position in terms of pellet consumption
with 497 thousand tonnes, and it is already certain that it will exceed 0.5 million tonnes in 2022. The
second place is taken by Bosnia and Herzegovina with approximately 340 thousand tonnes.

The main characteristic of the pellet market in the Western Balkans in the first five months of 2022 has
been the sharp increase in their prices. The energy crisis that affected all the countries of the region and
the war in Ukraine were the main triggers of the accelerated price growth. The highest price increase
was registered in Serbia. Average wood pellet prices in May 2022 were 75.5% higher compared to
October 2021. In other countries of the region, the double-digit price growth was also registered in the
observed period. The price growth in Bosnia and Herzegovina amounted to 72.9%, in Croatia 67.5%
and in Slovenia 35.6%.



The Role of Primary Woody Biomass in EU Policies

Irene di Padua
Bioenergy Europe
Place du Champs de Mars 2, 1050 Ixelles, Bruxelles (BE)

dipadua@bioenergyeurope.org

www.bioenergyeurope.org

Co-Authors: Daniel Reinemann

Bioenergy is a vital part of the EU’s renewable energy mix. In 2019, bioenergy represented 57,4% of the renewables
consumed in the EU and 11,6% of its total energy, making it the largest EU indigenous source of energy. During this
period of increasing uncertainty due to reliance on foreign fossil fuels, bioenergy stands as a clear counterpoint with
over 96% of the biomass used for energy being produced domestically and the rest coming from trusted streams.

The new proposal in the European Parliament’'s Position on the revision of the Renewable Energy Directive (REDIII)
would declare up to 35,7% of the biomass used for bioenergy as no longer sustainable and no longer eligible for
receiving support (Article 29.1, Amendment 43).

Primary woody biomass is defined very broadly as “all roundwood felled or otherwise harvested and removed. It
comprises all wood obtained from removals, i.e., the quantities removed from forests, including wood recovered due to
natural mortality and from felling and logging...” While the legislation does include important exceptions such as “woody
biomass obtained from sustainable wildfire prevention measures in high-risk fire prone areas, woody biomass obtained
from road safety measures, and woody biomass extracted from forests affected by natural disasters, active pests or
diseases to prevent their spread’, this does not account for all the feedstock with no other commercial use than
bioenergy or all the low-quality wood that should be removed to guarantee the health and productivity of forests.

Wood can be split, bent, rotten or too small for commercial use and therefore rejected by industries such as sawmills
and pulp and paper ones, due to its low quality or contamination risks. The Renewable Energy Directive (REDII) already
ensures the sustainability of biomass being used for bioenergy by guaranteeing that biodiversity is protected, and that
carbon stocks are maintained or grown in accordance with the LULUCF Regulation. If this low-quality biomass is not
used to produce bioenergy, then quantities greater than what are needed to protect biodiversity will be left to rot —
thereby releasing the same carbon as with bioenergy use — or disposed of via open field burning, which does not
generate an energy benefit, but results in substantial emissions which would be nearly zero in modern and efficient
biomass boilers.

The report on the use of woody biomass for energy production in the EU (2021) by the Joint Research Centre (JRC)
touches upon this timely discussion and opposes a blanket ban on using primary woody biomass for bioenergy: ¥...J It
was concluded that, given the wide variety of situations across Member States, it was difficult to univocally define and
meaningfully implement such restrictions in an EU legislation — the risk would have been to complicate compliance
without necessarily fostering further sustainability or biodiversity conservation” (JRC Report (2021), page 92). While the
report does review the various feedstocks for woody biomass, it does not claim that secondary biomass is more
sustainable than primary woody biomass.

Additionally, the differentiation between primary and secondary woody biomass is not a distinction commonly applied in
industry because the end-use of the material is determined by its quality and here primary is not an indicator of quality.
For this reason, there is very limited data on the share of primary versus secondary woody biomass that is used for
bioenergy. If adopted, the restrictions proposed by the European Parliament would cause significant disturbances to the
EU’s energy market.

Given that 70% of the biomass used for bioenergy is woody biomass, restrictions on primary woody biomass would
impact up to 35,7% of the feedstock for bioenergy. This means that up to 20,5% of the EU’s renewable energy could be
affected and some even declared unsustainable. These restrictions on primary woody biomass could jeopardise up to
4% of the total energy and potentially lead to bioenergy being forced out of the market at a time when energy prices are
already rising and concerns about a cold winter ahead are already growing.

This would substantially decrease the EU’s competitiveness, harm the economy, threaten jobs in rural areas, and put
the EU’s ambitious climate goals at risk.
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Die aktuelle Entwicklung des Pelletmarkts
aus der Sicht eines Pelletproduzenten

Dipl.-Phys. Helmut Schellinger
Schellinger KG

D-88250 Weingarten
helmut.schellinger@schellinger-kg.de
www.schellinger-kg.de

Die Schellinger KG befasst sich mit dem Marktaufbau fiir Holzpellets seit 1998 und betreibt heute
zwei Pelletwerke mit Direktvermarktung in Stiddeutschland. Dabei steht der ,kleine” Warmemarkt
mit privaten Verbrauchern im Vordergrund. Die Jahre bis 2018 waren gepragt vom Aufbau, 2019 bis
2021 entwickelte sich der Markt sehr positiv, scheinbar zu einem ,Selbstlaufer”.

Im Jahr 2022 haben sich mehrere Faktoren vielfach unvorhersehbar gedndert:

- Die politischen Rahmenbedingungen haben sich gedreht — Holzenergie wird aus mehreren
Aspekten kritisch gesehen und von den Medien auch negativ kommuniziert. Die Férderung
neuer Pelletheizungen wurde extrem beschnitten.

- Irrationales Kaufverhalten der Verbraucher, irrationales Verhalten des Handels und daraus
abgeleitete Preisentwicklung des Rohstoffs haben in Deutschland zu einer Verdreifachung
der Pelletpreise gefiihrt mit entsprechendem Vertrauensverlust bei den Verbrauchern.
Aktuell hat sich der Preis auf einem mittleren Niveau eingefunden, die weitere Entwicklung
ist unklar.

- Investitionsbereite Verbraucher sind verunsichert und zégern, politisch und medial wird
nahezu ausschliefllich die Warmepumpe propagiert. ,,Preisbremsen” sorgen flr weitere
Verunsicherungen bei den Entscheidern.

Aus Sicht der Pelletproduktion gilt es die Fakten und Einschatzungen neu zu ordnen:

- Viele neue Pelletwerke sind im Entstehen und kénnen ein Wachstum absichern.

- Die Entwicklung des Absatzmarktes ist unsicher — die Szenarien ,,Wachstum“ und
»Stagnation” sind dhnlich wahrscheinlich.

- Die allgemeine Energie- und CO,-Preisentwicklung ist nicht abschatzbar. Dies hat
Auswirkungen auf die Kosten der Pelletproduktionskette und die Preiswiirdigkeit des
Produktes.

- Die Rohstoffversorgung aus einem , Kuppelprodukt” der Sdageindustrie sorgt fiir eine
Unsicherheit bei Versorgung und Preis. Dazu braucht es eine Antwort der Pelletproduktionen
und des Handels.

- Mittelfristige Potenzialabschatzungen der Rohstoffquellen sind nicht diskutiert — es ist nicht
klar, welches Wachstum die Pelletproduktion leisten kann.

Fir die weiter Entwicklung des Marktes spielt die Verlasslichkeit und Glaubwirdigkeit des
Brennstoffs eine zentrale Rolle. Pelletherstellung und -handel stehen dabei im Fokus. Dabei geht es
um die bedarfsgerechte Mengenversorgung und nachvollziehbare und leistbare Kosten fir den
Verbraucher.

Dieser Aufgabe stellt sich die Pelletindustrie — schon um die bisher getatigten Investitionen nicht zu
gefdhrden.
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IEA Cross TCP:

Wege zu einer flexiblen, sektoriibergrei-
fenden Energieversorgung mit besonderem
Fokus auf die Flexibilitatsbereitstellung uber
den Warmesektor

\NedﬂESdaY

18

January
09:00 am-12:30 pm

IEA Cross TCP:

Towards a flexible, cross-sectoral energy
supply with a special focus on flexibility
provision via the heating sector
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Wien Energie‘s vision of a sustainable energy and
resource supply of Vienna

Teresa Schubert

Wien Energie GmbH

Thomas-Klestil-Platz 14, 1030 Wien, Austria
Teresa.schubert@wienenergie.at
www.wienenerqgie.at

Wien Energie is Austria’s leading energy supplier, providing 2 million people with power, gas and heating
and cooling. Furthermore, Wien Energie processes 1 million tons of waste each year to generate
electricity and heating energy for the district heating system, which warms 440.000 households in
Vienna.

The City of Vienna and Wien Energie aim at being climate neutral by 2040. To reach this goal, electricity
will represent the major energy source for mobility applications. Besides the increase of renewable
electricity in the energy mix, which will be achieved by significant investments in wind, water and solar
power as well as imports, the decarbonization of the heating sector represents one of the major
challenges in the urban area. The implementation of heat pumps and the expansion of district heating
will enable the provision of climate neutral heat for Vienna’s households, commerce and industry. To
cover the heating energy demand of the district heating system, geothermal energy and large heat
pumps to utilize waste heat from various sources play an important role. Nevertheless, certain amounts
of flexible fuels in the climate neutral form of green gases will be necessary. The availability and
utilization of green gases enables the flexible operation of the heating infrastructure in dependence of
demand, for example to cover heating demands in cold winter times by peak load boilers.

The process pathway of gasification and subsequent synthesis represent an attractive option to produce
green fuels by utilizing already available resource of the urban area, which are currently used to cover
base-load heating demand. The conversion of waste streams with high heating value into storable fuels
enables the flexibility provision of the energy system, but the necessary technology is not commercially
available yet. To enhance the technology development, Wien Energie participates in research activities,
led by BEST — Bioenergy and Sustainable Technologies GmbH, that demonstrate the conversion of
waste fractions into syngas and green fuels. At the Wien Energie site Simmeringer Haide, the
consortium operates a 1 MW dual-fluidized bed steam gasification plant to generate essential know how
and data to scale-up and commercialize this technology as a relevant puzzle piece of the sustainable
energy and resource system of Vienna.



Digitalization of energy management systems-
optimization of internal energy use as an industrial

company

Author: Ing. Maria Lechner MSc Ba
Organization: INNIO Jenbacher GmbH & CO OG
Address: Achenseestrasse 1-3, 6200 Jenbach
E-mail Address: maria.lechner@innio.com

Homepage: www.innio.com

During the last years a Microgrid in the INNIO360 Energy Lab in Jenbach has been established.

With the ability to simulate and verify all possible customer requirements under real market conditions,
the INNIO360 Energy Lab demonstrates the energy turnaround at INNIO’s site in Jenbach. The
INNIO360 Energy lab increases the resilience, reduces the energy costs, and significantly reduces the
carbon footprint of INNIO’s production and office site in Jenbach by meeting the entire heat and power
demand of the site production and offices throughout the year. The lab features a fully integrated
onsite microgrid that combines photovoltaics (PV), battery storage, Jenbacher combined heat and
power (CHP) solutions and an entire energy supply chain managed by our digital platform to build the

energy systems of the future.
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Overview on flexible bioenergy options and
implementation

Daniela Thrén

DBFZ Deutsches Biomasseforschungszentrum GmbH
Torgauer Strale 116, 04347 Leipzig, Germany
daniela.thraen@ufz.de

Co-Authors: Elina Méki, Nora Lange, Christiane Hennig, Uta Schmieder, Tilman Schildhauer, Jaap Kiel,
Pieter Kroon, Fabian Schipfer, Amy Philbrook, Kjell Andersson, Cecilia Higa, Markus Gélles

Aim and approach

IEA Bioenergy TCP Task 44 Flexible Bioenergy and System Integration brings together experts with different
backgrounds in the field of bioenergy from eight countries, Australia, Austria, Finland, Germany, Sweden,
Switzerland, the Netherlands, and US, and from the European Commission. Task 44 contributes to the
development and analysis of bioenergy solutions that can provide flexible resources for a low-carbon energy
system. The objective is to improve understanding on the types, quality and status of flexible bioenergy, and
identification of barriers and future development needs in the context of the entire energy system.

Task 44 started the analysis of flexible bioenergy in 2019-2021. It explored definition issues, technical and
country implementation status, future expectations of stakeholders as well as policies supporting
implementation. In addition to Task 44 experts, the broader IEA Bioenergy TCP network was engaged to
exchange perceptions and knowledge on the potential contribution of bioenergy practices to the flexibilization
of the energy system.

Scientific innovation and relevance

The ongoing energy transition is mainly driven by reductions in the cost of wind and solar energy, and political
efforts to reduce greenhouse gas emissions. The increasing share of variable renewable energy (VRE)
sources leads to a need for more flexibility and controllability of other energy sources, energy carriers and
energy storage devices. The flexibility toolbox includes different measures, such as electricity storage in
batteries, pumped hydro storage power plants, hydrogen based technologies, and sector coupling.

Bioenergy has features that can support the rapid transition to a low-carbon energy system by providing
different system services, such as flexibility, balancing of VRE, decarbonization of hard-to-abate sectors, co-
production of different products according to market demand, and negative emissions or carbon-neutral fuels,
chemicals and materials via bioenergy carbon capture and storage or utilization (BECCS/U). Furthermore, bio-
based value chains in connection to clean hydrogen can provide synergies for the system. However, provision
of these services requires a fundamental shift in the way bioenergy is used and valorized in different systems.

While literature typically connects flexibility to short- and mid-term balancing services to the power grid, the
flexibility services from bioenergy go beyond these. The long supply chains typically associated to provision of
bioenergy or other bio-based products lead to multiple flexibilization options along the supply chains. Key
barriers for wider implementation are rather related to market design than technical challenges or lack of
example cases.

Results and conclusions

Task 44 provides an overview of technical options to provide flexibility in different categories along the
bioenergy value chain (feedstock, bioenergy carriers, operational and product flexibility), implementation status
of and support schemes for flexible bioenergy in eleven selected countries, future expert expectations towards
flexible bioenergy, and first Best Practice examples. The collected information was condensed into a definition
for flexible bioenergy to support understanding its multiple benefits. Further, five cornerstones that are required
to enable market uptake and multiplication of flexible bioenergy solutions were elaborated.

In the presentation, we will summarize key findings from Task 44 by providing a technical and market outlook
focusing on technical options for flexible bioenergy, barriers for implementation, and future opportunities and
system services from bioenergy. Furthermore, we will present five cornerstones that are needed to accelerate
the implementation of flexible bioenergy solutions.
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Transformation of District Heating and Cooling Systems
towards high share of renewables

Ingo Leusbrock, AEE - Institute for Sustainable Technologies
A-8200 Gleisdorf, Feldgasse 19, i.leusbrock@aee.at
www.aee-intec.at

Co-Authors:

Michael Salzmann, AEE - Institute for Sustainable Technologies, M.salzmann@aee.at

Thomas Pauschinger & Dr. Heiko Huther, AGFW - The German Energy Efficiency Association for Heating,
Cooling and CHP, t.pauschinger@agfw.de & h.huther@agfw.de

Alice Dénarié, Politecnico di Milano, alice.denarie@polimi.it
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Worldwide countries have defined ambitious targets for the reduction of greenhouse gas emissions and the
transition of their energy systems. The present share of RES in DHC is estimated at 9 % worldwide [Werner
2017]. Recent studies and scenarios, however, expect a dynamic growth of RES in the DHC sector. Several
countries introduced binding RES shares for DHC, in order to match their greenhouse gas targets. Reaching
these objectives implies a strong increase of the share of renewable energy sources (RES) and efficiency
technologies in the heat sector, combined with a reduction of the heat demand by building refurbishment. Here,
district heating and cooling (DHC) plays an important role as an efficient and flexible, organizational and
technical solution for the energy transition in the heat sector. DHC provides a broad platform for the integration
of all kinds of RES. Moreover, it increases the overall efficiency of the energy system by enabling the use of
combined heat and power (CHP) plants based on RES, the use of surplus heat from a variety of energy
conversion or industrial processes as well as hybrid technologies for coupling the energy sectors. In particular,
it enables relatively fast transition processes, also including the introduction of high shares of RES.

The integration of RES and in particular their combination with traditional DHC heat generation technologies
require new and advanced technical and operational concepts, since:

e Heat sources with fluctuating production need to be integrated into DHC networks (solar thermal,
RES P2H) as well as heat generators with operating times depending on the electricity market (CHP,
P2H, heat pumps). Thus, the dynamic behaviour of heat generation and heat demand needs to be
considered for suitable operation concepts.

e Heat stores need to be integrated for various purposes: short-term heat storage, peak shifting, long-
term or seasonal storage of RES, flexible operation of multiple heat producers.

o DHC is often seen as cornerstone or energy hub for an overall integrated energy system. This hub
function includes several challenges in the planning, operation and management of such a larger
solution including DHC.

e The integration of RES heat sources and heat stores often requires an optimized design and
operation of the whole DHC network and substations, as e.g. efficiencies depend on temperatures
and hydraulics and as operating ranges of some technologies are limited.

The transition of DHC networks to RES technologies often requires extensive measures and high
investments along the whole chain from the heat generation to the customer side. Transition processes are
therefore on long term and need well-elaborated strategies and a thorough planning at all levels. Beside the
technical solutions, the social and environmental impact of such transition processes are of importance.
Stakeholders and public shall be engaged in the process and participation models are needed. In many
countries, the regulatory frameworks for DHC are not yet adapted and suited to the use of RES and hinder
their development in the DHC sector. Business and market models need to be developed, allowing a
marketing of “green heat”, which is advantageous for both, heat supplier and customer.

In this talk, we will cover the technical and non-technical aspects enabling respectively currently limiting a
large-scale roll-out of and transition to 100% renewable district heating and cooling. We will showcase
examples and solutions from practice and discuss the role of DHC in the wider context of an integrated
future energy system.
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Heat is the largest energy end-use, accounting for 50% of global final energy consumption in 2018 and
contributes to 40% of global carbon dioxide (CO2) emissions. Of the total heat produced, about 46%
was consumed in buildings for space and water heating, at relatively low temperatures. Regarding the
heat supply of buildings, district heating systems play an important role and are well-established in many
countries since they typically enable an efficient resource utilization.

However, the heat for district heating networks in Europe and worldwide is still typically produced by
caloric power plants driven by fossil fuels. Large-scale solar thermal systems provide a great opportunity
to reduce the usage of fossil fuels and save CO2 emissions, especially when combined with long-term
heat storages. In this context the number of large-scale solar thermal systems (>0.5 MW to GW) is
steadily growing. This can be seen in the number of megawatt-scale systems for district heating and
industrial applications. Twenty-three large-scale solar thermal systems with about 228,900 m? (160
MWth) were installed in Europe in 2019. It is expected that the trend of (very) largescale SDH systems
will continue in the coming years and that these systems will become increasingly important for the
decarbonization of the heat supply.

Large-scale systems combined with seasonal storages provides the opportunity that the solar fraction
can be further increased from typically 20 % to 60 % or more. This is because in Europe, the demand
for heat is usually around 10 times larger in winter than in summer, when solar irradiation reaches its
peak. Between May and August, a solar field can meet all hot water needs, so that the district heating
company operating the solar field can shut down boilers to significantly extend their useful lifetime.
Seasonal storage can then store surplus energy from summer for use in winter and allows to store
surplus heat available from other technologies.

Furthermore, the long-term heat storages can significantly contribute to an efficient operation of different
sector coupling technologies, e.g. H2 production via electrolysis or CHP systems, since they allow to
maximize the heat utilization and thus their overall performance. For this reason, long-term heat
storages represent a very important component for a future, sustainable energy and resource system.
In the presentation, the current status regarding long-term seasonal storages together with large-scale
solar thermal systems but also other technologies is outlined, their potential is discussed as well as
interesting uses-cases will be shown. The main barriers utilizing the full potential and the interaction with
other technologies and sectors will be discussed and an outlook given regarding which innovations and
R&D is necessary to achieve this vision.
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Abstract

Digitalization or the wide implementation of digital technologies in our energy systems are believed to
make our systems smarter, more efficient and reliable. Furthermore, a much higher integration of
renewable energy sources into the systems is expected, as well as new business possibilities are
generated by the use of innovative digital technologies and processes. In this context, the IEA DHC
Annex TS4 project is aiming at promoting the opportunities of the integration of digital processes into
DHC schemes. This implies the clarification of the role of digitalization for different parts within the
operation and maintenance of the district heating and cooling system. Furthermore, the
implementation of these technologies is going to be demonstrated in a close cooperation with a
number of industry partners. Moreover, the challenges such as data security and privacy as well as
questions about data ownership are also addressed.

Traditionally, district heating and cooling (DHC) networks are operated with a limited number of
controls (as the control of the supply temperatures or the network pressure) to secure the required
supply task and to optimize economics and ecologic performance. Detailed information of the supply
and utilization structures (e.g. heat plant characteristics, power demand or time profiles) is not
provided in classical network operation.

An optimized heat generation and overall network operation is possible with more information on the
demand and flexibility options (storages) resulting in e.g. peak shaving and the reduction of expensive
peak boiler use. In these systems a wider integration of fluctuating heat sources, such as solar thermal
energy and power-to-heat applications operating on the electricity markets, can be shown in already
realized projects. Wider implementation of information and communication technologies, as in many
other industries, unlocks potentials for better network management based on real-time measurement
data and the integration of new business models. A growing number of companies are offering
products and services, as e.g. digital analyses platforms or smart meters, in this frame.

The current changes and developments in the operating environment are presenting both
opportunities and threats for district heating providers. The main impact of the integration of digital
technologies and methods for district heating providers is expected to be in the changing business
environment. Via these new technologies the ways of working and using already established business
models will change, new services and products will enter the market. On the other hand, existing
business models are affected by the increased energy efficiency of the building stock caused by
reduced heat sales and by the customer’s demand for alternative heating solutions. Here digitalization
will bring new methods to meet changing customer needs and to communicate with the different
groups of customers.

The special importance of digitalization in district heating systems is that digitalization is a prerequisite
in innovative low temperature, so-called 4th generation, heat networks to integrate renewable and
fluctuating heat sources. So, digitalization has the potential to make heat networks more sustainable,
more reliable, has the potential to integrate more renewable energy, more excess heat, better suitable
for the integration of lower temperature levels e.g. via an optimal usage of heat pumps or CHP units,
more profitable e.g. via the reduction of expensive fossil fuel consumption or via the reduction of
transmission losses.

The presentation, the abstract presents and discusses the first results from the research work within
the IEA DHC Annex TS4 on “Digitalisation of District Heating Systems — Optimised Operation and
Maintenance of District Heating and Cooling Systems via Digital Process Management”.

https://www.iea-dhc.org/the-research/annexes/2018-2024-annex-ts4
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Biomass combustion has been a major source of renewable energy in Austria and all over the world.
Since 2003 BEST (formerly known as Austrian Bioenergy Centre and Bioenergy2020+) contributed with
R&D to developments of Austrian and European biomass combustion technologies, which have
become world-leaders in the field of wood pellet, wood chips and log wood combustion. These
developments have been made in several different dimensions: fundamentals in thermochemical-
conversion processes, emission reduction by primary and secondary measures, methods for corrosion
and slag formation monitoring, methods for real-life assessment and testing, energy systems and
hybridisation as well as improved automation and modelling of the combustion systems. The major
learnings are closely connected between each other:

Combustion is a super-ordinate thermochemical conversion process, incorporating pyrolysis,
gasification and oxidation reactions.

User centric technology development. Conditions for future implementation must be
considered already for development. In the past, developments were driven more towards
fulfilling of standards and type testing requirements. Besides that, capabilities of the users in
operation need to be considered also during an early stage.

Social and environmental responsibility. Discussions about ambient air concentration of
particulate matter or sustainability/CO2 neutrality of wooden biomass have shown, that the
impact of the technology needs to be anticipated and treated with care.

System compatibility. Bioenergy applications are only one gear-wheel in a bigger system.
Technology combinations and hybridisations state the basis for a diverse and multi-adaptive
bioenergy system.

The USP in future renewable energy system. Renewable energy systems are highly diverse —
every system has strengths and weaknesses. Depending on feedstocks, capacity and type of
energy, bioenergy can provide substantial base load, reliable decentralized energy, high exergy
applications, end/recycling of material cascading, co-production of valuable products
(biochar)...

As a matter of fact, future bioenergy applications will benefit from these general learnings and will
continue to pave the way for the European and Global energy transition.
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The sustainable and economical use of available resources, decarbonization strategies in both raw
material and energy supply and the creation of carbon sinks are the central challenges of our time.
Material and energy cycles that are as regional as possible play a major role here. Thermochemical
technologies™ potential in the overall concept of the circular economy lies in particular in the upgrading
of residues at the end of cascading usage paths, in the synergetic use of bioenergy contributing to
sustainable energy supply concepts (e.g. energy storage, transition technology) and in opening up
possibilities for decarbonization via the production of sustainable carbon products, closing the carbon
cycle or creating carbon sink potentials.

R&D tasks of the Sub-area Thermochemical Technologies at BEST follow the vision of producing
renewable carbon products — gas, bio-oil and coal — but also energy from renewable raw materials and
residues, thus increasing the added value, contributing to security of supply and opening up
opportunities for decarbonization. Guidelines for technology and processes development are
environmental but also social aspects (e.g. air quality, circular economy principles, overall efficiency,
regional value creation), the consideration of interaction with and interfaces to overall systems as well
as aspects of user-centered development.

Technological focus in this regard is on pyrolysis and fixed-bed gasification technologies: A gasification
test rig allows modular testing of new technologies and processes (e.g. oxygen-steam gasification),
investigation and further development of methods for gas cleaning and post-treatment (e.g. tar cracking)
as well as subsequent applications (e.g. gas burners) to be operated with product gas. The focus here
is on options to replace natural gas, e.g. to provide high-temperature heat for industrial processes.

Investigations and further development in the field of pyrolysis aims at the production of renewable
carbon products with defined properties for specific applications. The GreenCarbon Lab, currently under
construction, offers the possibility to test different input materials and to produce renewable carbon
products for different applications. Ongoing projects focus on the production of biochar for metallurgical
processes, as material additives (e.g. for polymers or concrete) and for agricultural applications with the
aim of nutrient and carbon recycling.
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The term “bioconversion” summarizes biotechnological processes where microbes are used as catalysts
for the desired conversion process. This contribution gives an overview of the different aspects on how
microbes can be used to valorize biomass (e.g. residues, by-products) or carbon-rich gases (CO2, flue
gas, syngas). The products range from energy carriers (biogas, bio-methane, bio-hydrogen, etc.) to
chemicals (volatile fatty acids, alcohols), bio-polymers and high value products (e.g. microalgae
biomass, pigments). Current research trends aim at replacing traditional C-sources such as sugars by
organic wastes and COz2. In addition, some processes target at biological carbon capture and utilization
(bio-CCU) where CO: off-gases are converted to products rather than directly emitted to the
atmosphere. To reach these goals a large variety of bioconversion processes can be applied: anaerobic
digestion, anaerobic acidification, dark fermentation, gas fermentation and photo-autotrophic microalgae
processes.
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Syngas production from gasification has been identified as a key technology for the development of sustainable
biorefineries. Steam gasification in a dual fluidized bed reactor has already been developed in the power sector from
lab- to commercial-scale for woody biomass as feedstock. A trend towards utilizing feedstock of lower quality, such as
low-grade biomass, biogenic residues or waste drives the development of the technology in terms of reactor design,
gas cleaning and optimizing operation parameters. At the same time the need for production of sustainable end products
more valuable than electricity and heat leads to the embedding of dual fluidized bed gasification into complete process
chains.

In Vienna, Austria, such a comprehensive biorefinery for the conversion for biogenic residues and waste has been
commissioned and operated with waste as input material. An advanced reactor design for dual fluidized bed gasification
has been implemented at a capacity of 1 MW thermal fuel input for long-term operation (>10 days continuous operation).
The reactor design was based on a 100 kW pilot plant at TU Wien, where experimental investigations have shown
increased fuel conversion, reduced tar amounts in the product gas, and subsequently an overall better performance
especially for converting biogenic residues and waste.

The 1 MW gasification plant will be part of the Syngas Platform Vienna, which will consist of a full process chain
combining waste gasification with a downstream Fischer-Tropsch-synthesis pilot plant. In addition, a slip stream of the
product gas will be used in a connected laboratory for research in the fields of advanced gas cleaning, biological gas
upgrading, and hydrogen upgrading and separation.

Aim and approach

While syngas production from renewable sources is considered to be one of the key technologies in a more sustainable
energy and material cycle system, to date it has not been adopted widely by industry. While numerous desirable
feedstocks, such as low-grade biomass, biogenic residues or waste have been shown to be suitable in small-scale
experiments and equally numerous synthetic pathways for the produced syngas exist, this has not yet been
demonstrated in an integrated process chain. Thus, we aim to demonstrate such an integrated process chain from
biogenic residues and waste to a valuable end product using our Syngas Platform Vienna. Fehler! Verweisquelle
konnte nicht gefunden werden. shows the overall concept of the platform indicating the shifting research focus
towards low-grade feedstock and high-valuable end products.

Industrial adoption of syngas technology has been hampered by the challenging economic situation of increasing
feedstock cost (for e.g. wood) and decreasing product price (e.g. reduction of feed-in tariffs for green electricity). In order
to make the technology economically viable and equally environmentally more impactful, it is therefore necessary to
improve both sides: the spectrum of possible feedstock as well as the product range that can be produced from them.
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The production of synthesis gas (syngas) from renewable sources is considered as one of the key
technologies for a sustainable energy and material cycle. Syngas represents a valuable intermediate
product, which can be used for the production of fuel and input material for the chemical industry. The
main route for the production is the process of gasification. The steam blown Dual Fluidized Bed (DFB)
gasification technology allows the provision of a hydrogen-rich raw syngas. A relatively new way for the
production of syngas represents the solid oxide electrolyser (co-SOEC). DFB gasification as well as co-
SOEC have in common that the process temperatures are in between 800-900°C and carbon is
converted via the reaction with steam to hydrogen and carbon monoxide. The raw syngas from
gasification (so called product gas) has to be cleaned to purity levels, which are required in the
subsequent syngas process step. In a first stage the gas is cleaned from particles, tar compounds as
well as from hydrochloric acid and ammonia in a coarse gas cleaning section consisting of heat
exchanger, filter, quench and biodiesel scrubber. In the fine gas cleaning section, a second biodiesel
scrubber, water scrubber, activated carbon and zinc oxide are used to obtain the demanded purity level
for the synthesis step (especially sulphur removal).

Past research activities of BEST GmbH and TU Wien have been focused on the improvement of the
gas cleaning section (to reach the purity levels), to develop processes for the syngas conversion e.g. as
Eischer-Tropsch (FT) and mixed alcohols synthesis as well as to upgrade the obtained products for their
application as fuel and/or chemical (e.g. FT-waxes for pharmacy). A slip stream of the raw syngas of
the commercial DFB gasifier in Glissing was used over years for the further development of these
technologies. In the field of FT synthesis, a Slurry Bubble Column Reactor (SBCR) is used for the
conversion step. The good mixing behaviour in a SBCR is responsible for high CO conversion rates as
well as high thermal transfer rates achieving isothermal conditions along the reactor. In 2016 this SBCR
technology was further scaled-up to pilot scale obtaining one barrel (~159 litre) per day of FT products.
In the field of mixed alcohol synthesis, a simple gas cleaning section (comprising mainly of gas scrubbers
and/or steam reforming unit) and a fixed-bed synthesis reactor were used as experimental setup to
provide a product mixture consisting of methanol, ethanol and propanol.

In Vienna, a biorefinery for the conversion of biogenic residues and waste materials is currently being
established on a demonstration scale. An advanced reactor design for the DFB process with a capacity
of 1 MW was implemented. The reactor design is based on a 100-kW pilot plant at the TU Wien, where
experimental studies have shown increased fuel conversion, lower tar levels in the syngas, and
subsequently better overall performance, especially in the conversion of biogenic residues and waste
materials. The 1 MW DFB gasifier is the key part of the Syngas Platform Vienna, which consists of a
complete process chain combining gas generation from waste with a downstream FT synthesis pilot
plant. In addition, a partial stream of the syngas will be used in a connected laboratory for research in
advanced gas purification, biological gas upgrading and sustainable hydrogen production.

Future activities at the Syngas Platform Vienna in the field of fine gas cleaning are focused on the
economic optimization of the gas cleaning and their adaption for the usage of low-quality fuels with a
higher level of impurities. The usage of residues and wastes increases the economics of the biorefinery
process. An upcoming COMET project is focused to combine the gasification of residues, FT synthesis
and alcohol synthesis in one project to prepare the basis for the roll out of Sustainable Aviation Fuels
(SAF). The by-products e.g. olefins, waxes and alcohols can be used as feedstock in the chemical
industry sector and can therefor further increase the profitability of the overall process chain. Research
activities within this project are focused on the usage of residues, wastes and CO2 as feedstock.
Furthermore, high valuable knowledge with the SBCR FT pilot unit should be gathered to allow a further
upscaling of the technology.
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The increasing demand for sustainably cultivated biomass to generate heat is particularly concerning in
small-scale furnaces and residential application. This work investigates a small-scale biomass boiler
that utilizes an under-feed stoker concept with double air staging and softwood pellets as fuel. The goal
of the studies is to optimize the boiler in terms of NOx emissions with numerical methods. CFD methods
are already well established in science and industry and provide a detailed insight. However, they are
very time consuming, when conducted on a full-scale 3D model, which limits the number of parameter
variations. Therefore, this work investigates CFD as well as reaction kinetic studies with ideal reactors.
The reaction kinetic studies are computationally inexpensive compared to CFD, therefore allowing the
variation of multiple parameters. The numerical studies are conducted with three different methods of
varying complexity: (i) a reactor network of zero-dimensional continuously stirred tank reactors (CSTR),
(ii) a reactor network of one-dimensional plug flow reactors (PFR) and (iii) a full-scale 3D CFD simulation.
For the CFD method an in-house developed 3D packed bed model for biomass grate furnaces has been
expanded and improved to consider the release of NOx precursors at the particle level. For the CSTR
and PFR methods the fuel bed is not explicitly modelled, but rather the composition above the fuel bed
from CFD is taken as inlet composition for the reactors that model the secondary and tertiary combustion
zone. All methods employ an up to date skeletal reaction mechanism from literature (37 species,
168 reactions) that includes hydrocarbon as well as nitrogen chemistry. The CSTR and PFR method
are compared with the CFD method and also benchmarked against experimental data. The species
composition and especially the NOx-emissions of the flue gas at the boiler outlet is selected as the
benchmark variable. The reactor network methods showed reasonable agreement with the CFD results
as well as experimental data and give valuable indications for emission reductions, depending on the
mixing behaviour in the combustion chamber. With the computationally inexpensive methods multiple
parameter variations e.g. air-to-fuel ratio, residence time, temperature, are run in a fraction of the time
of a CFD analysis. Therefore, the CSTR and PFR method can be applied in an early stage of
development, in order to derive design guidelines faster and speed up optimization of the boiler.
Furthermore, the CSTR and PFR method support the selection of operating conditions to perform final
CFD-based optimisations.

47



48

Digitalization as the basis for the efficient and
flexible operation of renewable energy technologies

Markus Golles

BEST — Bioenergy and Sustainable Technologies GmbH,
Inffeldgasse 21b, 8010 Graz
markus.goelles@best-research.eu
https.:.//www.best-research.eu/

To achieve a sustainable energy and resource supply many different technologies need to work together
appropriately as efficient, flexible and automated as possible. However, many hurdles still must be
overcome on this path, the legislative basis needs to be adjusted, markets need to be established, but
also many technical problems need to be accomplished. To make it even more difficult, all this must be
carried out in very limited time and with limited personnel resources.

Digitalization can play a key role in this, since it allows a significant increase in the degree of automation
of the different processes, i.e. the conception, detailed design and operation of these more and more
complex systems. With this increased degree of automation, many processes can be standardized and
thus become more efficient, and more sophisticated methods can be applied.

In any case, a first hurdle in the process is that many plants, systems, processes still lack a high degree
of digitalization, e.g. in most plants as few sensors as possible are installed and only a small amount of
data (or even no data) is recorded to keep the investment costs (CAPEX) as low as possible, since the
achievable savings of the operational costs (OPEX) would not exceed them. This of course strongly
limits the methods which can be applied for a highly automated and efficient operation. However, with
increasing complexity of the systems and the need of more flexible technologies and components the
situation is changing, more powerful methods will simply be required, and this automatically requires
also more digitalization.

In this context, this presentation will focus on the possibilities evolving from an increased degree of
digitalization for the operational management of renewable energy and resource systems. In general, 3
possibilities can be distinguished: i) advanced control concepts can get applied for the control of the
different technologies, aiming for an operation at highest efficiency in all operating points, and high
flexibility in terms of modulation capability and input streams used, e.g. in case of conversion
technologies for biogenic resources; ii) advanced methods for the overall coordination of the different
technologies, storages, etc., aiming for an optimal interaction at any time, taking knowledge on the
strengths and weaknesses of the different technologies, their current status and any available
information on the future conditions (weather conditions, demand, etc.) automatically into account; iii) a
variety of new digital services to simplify operational management, e.g. for the on-line diagnosis of the
systems, continuously providing a deep insight in the current status of the system (advanced monitoring)
and helpful information regarding maintenance already in advance (predictive maintenance).

Based on an analysis of the current status, the presentation will elaborate the different possibilities for
an improved operational management of renewable energy and resource systems on the basis of
several practical examples, such as a municipal solid waste incineration plant, a biomass gasification
CHP system, or interconnected, cross-ownership district heating grids.
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District heating (DH) networks will play an important role in transitioning into a carbon natural
economy. When communities grow, so do the respective DH networks, and often the opportunity for
coupling different DH networks together arises. This creates the need for high-level control concepts
that allow for the handling of such coupled DH networks. These networks are often operated by
different owners with different economic interests. Any high-level control concept for coupled DH
networks must respect this multi-owner energy system structure.

Optimization-based energy management systems (EMS) are a promising high-level control approach
for coupled DH networks. These rely on mathematical optimization to devise an optimal operation plan
for all production units, taking varying prices, future demand and yield predictions, and operational
constraints into account. However, extending an optimization-based EMS for coupled DH networks
with a multi-owner structure is non-trivial. This contribution aims to provide an EMS algorithm that
supports this task.

The presented concepts were tested on the real-world example of the three DH networks of Leibnitz,
Austria. The three DH networks are operated by two owners and incorporate biomass boilers (3,2MW
and 2,4 MW), industrial waste heat (~6MW) and a gas backup boiler (8MW). The annual heat demand
of the three networks ranges from ~4GWh to ~14GWh. The two networks that are operated by the
same owner are directly hydraulically connected and the third one is connected via a bidirectional heat
transfer station (4MW). However, during the test runs the full transfer capacity could not be reached
since the pressure conditions did not allow it. The temperatures in all three networks are similar,
making heat exchange easier. The goal was to reduce the overall cost and CO2 emissions of the
energy system. Preliminary test results show that the proposed control concept is able to achieve a
reduction in CO2 emissions by 35% and a reduction in fuel costs by 7%.
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The planning and design of Microgrids and renewable based energy communities are mostly based on
individual research projects, which do not produce standardized solutions and are therefore time consuming
and expensive. We present the OptEnGrid planning tool, which mathematically optimizes decentralized
energy technologies as batteries or electric vehicles in terms of optimal technology portfolio investments,
capacities, and deployment in a new standardized and repeatable way. The planning is carried out
according to economic and/or ecological criteria based on Mixed-Integer Linear Programming (MILP)
optimization. The mathematical setup allows the user to model cross-sectoral energy systems (electricity,
heating, cooling, hydrogen) as well as Microgrids with multiple nodes (e.g., buildings). On the other hand,
supervisory control systems are needed to dispatch the installed distributed energy resources (DER) assets
in an optimal way. The BEST’s Smart- and Microgrids (SMG) controller is responsible for the operational
optimization of different DERs and their coordinated real-time operation. The modelling framework for the
microgrid supervisory controller is based on OptEnGrid’s mathematical formulation and algorithms. To test
the planning and control algorithms, we established a Microgrid testbed in Wieselburg, Lower Austria, which
focuses on data collection for the heating and electric users and generators for two connected buildings
(firefighter house and office building). The electric technologies are controlled via our centralized MILP
Model Predictive Control (MPC) algorithm. In the future also thermal assets will be controlled.

In this presentation we discuss real use cases, and the modelling needs for the actual discussed energy
communities in Austria. We will present the methodology behind OptEnGrid, discuss the MPC, which
controls the Microgrid Testlab in Wieselburg. To be able to deploy such Microgrid MPC'’s it is important to
overcome integration challenges. The research work has shown that the communication between different
assets can be a challenge. Almost every technology vendor uses its own data formats and sometimes limits
access to the technology. Thus, we also focus a lot on ways to overcome these integration challenges via
our own efficient solutions (e.g., with Raspberry Pls). Finally, to successfully predict real-time operation,
effective output forecasting for e.g., PV, in combination with reliable load forecasting is needed. We will also
discuss those Artificial Intelligence enabled forecasting techniques.

The results from the Microgrid Testlab in Wieselburg show energy cost reductions of 40% as well as CO2
reduction potentials of 60%. The optimal investment capacities for the lab are a 74 kW PV system, 60 kWh
battery system, 420 kW biomass system, hot water storage system with 9400 L, absorption cooling system
with 80 kWi, cold storage with 3200 L, and a conventional cooling system with 232 kWi. Because of the
battery system and the optimized dispatch with the MPC controller 97% of the local generated electricity is
used internally.
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EU and national policies promote the use of biomass for material and energy purposes to
foster a transition towards a sustainable bioeconomy. This transition will rely to a large extent
on the advancement in technology of a range of processes, on cost competitiveness, on the
achievement of breakthrough in terms of technical performances and will depend on the
availability of sustainable biomass. European forest-based industries and wood markets will
take a crucial role in this transition, but are confronted with several challenges in tackling the
economic, pandemic and climate crises.

A tool for techno-economic assessments based on predefined building blocks was developed
to provide a basis for taking strategic decisions on whether and how to increase the value
added in woody biomass utilization: the “Wood-Value-Tool”. This user-friendly Excel-
calculation tool was developed within the project BioEcon at BEST — Bioenergy and
Sustainable Technologies GmbH. It allows to specify selected processes in terms of technical
parameters, like production capacity, operating hours, lifetime, as well as predefined input
materials (roundwood, semi-finished products, by-products, residues etc.).

The techno-economic assessment covers investment, operating and raw material costs,
expected product price, revenues, gross profit and specific production costs as well as mass
and energy balances. Currently the following processes for material and energy provision are
included:

Material Energy
e Wood supply e Combined heat and power (CHP)
e Pulp production (incl. Lignin and e District heating plant
Hemicellulose extraction) e Pellets production
e Paper production e Wood gasification + BioSNG
e Regenerated cellulose fiber synthesis
production e Wood gasification + FT synthesis
e Sawmil e Flash pyrolysis

e Particleboard production

In a next step, further functions will be integrated in the “Wood-Value-Tool”, taking macro- and
socio-economic as well as sustainability criteria into account, such as CO2-equivalent emission
calculations. The advanced tool is intended to provide support for sustainable biomass
utilization in different industries, based on environmental, economic and social criteria. Its
application has therefore the potential for optimizing woody biomass utilization in accordance
with all three dimensions of sustainability.
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Abstract

Die klimaoptimale Nutzung von Waldern ist ein in Europa kontrovers diskutiertes Thema. Im Fokus steht
dabei die Frage, ob die Stilllegung von Waldern und der Aufbau hoher Vorrate und Totholzanteile mit
hoher Biodiversitat oder ein aktiver Waldumbau zu artenreichen, zuwachsstarken und klimaresilienten
Mischbestanden mit Holzproduktspeichern und Substitutionseffekten die optimalere Strategie fir einen
Beitrag zur Reduktion von Treibhausgas (THG)-Emissionen ist. Dieser Vortrag stellt erstmalig die
Ergebnisse oOkobilanzierungsbasierter Analysen zur Beantwortung auf diese Frage vor. Zu diesem
Zweck wurde eine sektorentbergreifende THG Bilanzierung vorgenommen, die sowohl das System
Wald (LULUCF), als auch mdgliche Nutzungspfade von Holz einbezieht. Damit werden Senken-,
Speicher-, und Substitutionsleistungen beachtet und dabei vergleichbare und umfassende
Systemgrenzen verwendet. Zusatzlich werden zwischen fossilem und biogenem Kohlenstoff
unterschieden und Effekte auf die Biodiversitat im Wald berlcksichtigt. Durch definierte
Nutzungsszenarien und eine Betrachtung der bisherigen historischen Entwicklung der Walder in Europa
und der Holznutzung wird die kurz und langfristige Klimawirkung von Nutzungseinschrankungen oder -
steigerungen auf verschiedenen Ebenen aufgezeigt. Sie zeigen auf, dass eine steigende stoffliche
Nutzung von Holz in langlebigen Produkten und die Investition in moderne Formen der Holzenergie auf
der Basis der entstehenden Nebenprodukte und Restholz-Sortimente einen zusatzlichen langfristigen
THG-Speicher erzeugen und THG intensivere Produkte und Energietrager vermeiden werden.
Gleichzeitig wird durch die Nutzung vor allem &alterer Nadelwalder die Klimaresilienz, die Zuwachse und
damit die laufende Aufnahme von Kohlenstoff aus der Atmosphéare gesteigert und die Biodiversitat in
den entstehenden Mischwaldern nimmt deutlich zu. Diese Szenarien wurden bisher bei der Diskussion
Uber die klimaoptimale Behandlung der Walder und Foérderung der Bioenergie in Europa nicht
ausreichend berlcksichtigt und stellen wesentliche Diskussionsbeitrdge zur Ausgestaltung
klimaoptimaler MalRnahmen zur Erreichung der EU Klimaschutzziele, Biodiversitatsziele und zur
Versorgung einer holzbasierten Bioskonomie in Europa, Deutschland und Osterreich dar.

Themenbereich: Carbon Neutrality 2050; Forest based Bioeconomy; Forest based Biodiversity;
Primary Biomass for Bioenergy; Bioenergy Carbon Capture and Storage - BECCS; Negative Emission
Technologies - NET.



Klimaschutz und Forstwirtschaft
Climate Mitigation and Forestry
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The present public debate considers an increase in wood biomass by protection from
management as the main mechanism of climate mitigation by forests.

In my contribution I will show that storage of biomass is not the only mechanism to mitigate
climate change, and I will point at obstacles that hinder the recognition of forest management
in this process

1. Managed and unmanaged forests do not differ with respect to ecosystem fluxes.
Wood extraction does not lower productivity.

2. The carbon balance of forests is dependent on the amount of living biomass. Forests
with standing biomass of >500 m3/ha appear to become a carbon source.

3. The maximum biomass in managed forests at the time of final harvest is equal to the
biomass in un-managed forests. There is no carbon debt. The extracted biomass is
mainly stored and recycled in products of variable time-in-use. Thus, the carbon store
for climate mitigation is the sum of standing biomass plus the storage in products

4. Over the life time of spruce and beech in unmanaged conditions, there are about 3 to 4
life-cycles of trees under management, which are the basis for maintaining the
product pool.

5. IPCC offers the accounting of products, but as default, harvest is accounted as
immediate emission, independent of the life-cycle of products. This hinders the
recognition of the forest service to supply wood for commodities and energy to the
public.

6. The use of old or new biomass for bioenergy is not accountable, even though the use
for energy is the ultimate process also for products, and only the energy use replaces
fossil fuels. It is the energy sector and not forestry that gets the credits for reducing
fossil fuel use.

7. With ongoing climate change, in-situ storage of biomass emerges as risky and non-
permanent. It is only by management that climate is mitigated via reducing fossil fuel
consumption.

55



56

Integrated Assessment Framework for Low iLUC Risk
Certification

Beike Sumfleth

DBFZ Deutsches Biomasseforschungszentrum gemeinniitzige GmbH
Torgauer Stral3e 116, 04347 Leipzig, Germany
beike.sumfleth@dbfz.de

https.//www.dbfz.de/

Co-Authors: Stefan Majer, Daniela Thrén

Background

Indirect land use change (iLUC) is considered a significant challenge associated with an increasing
demand for biomass and bioenergy. Certification of biobased products is discussed as one potential
way to manage this risk. Thus, an approach has gained relevance, with the aim of certifying biomass
with low iLUC risk. However, extending existing certification schemes towards a credible and reliable
certification approach to account for iLUC is still an open question.

Aim and contribution to the European Green Deal

The work presented here aims to develop an integrated assessment framework for low iLUC risk
certification of biobased products. The development of such a certification instrument could help to
reduce GHG emissions of biobased products attributable to iLUC and thus support the decarbonization
of the EU energy system. It could promote the decoupling of an increased use of feedstocks for
bioenergy from the limited resource of land. Finally, developing such an approach could ensure food
security by reducing global land demand for bioenergy purposes.

We present the methodological approach, results, and conclusions of the project to date. Finally, we
give an outlook on the next steps and research demand.

Methodological approach

To achieve this aim, we apply a methodological approach based on (1) a review of low iLUC risk
certification practices with a particular focus on practices that could be used to reduce the iLUC risk of
an individual biomass producer, so-called additionality practices, (2) an inventory of potential trade-offs
that could arise from the application of such practices to conduct a gap analysis comparing whether
recognized voluntary certification schemes take such trade-offs into account, and (3) the development
of a knowledge base for decision-making on methods that could be used to assess the identified trade-
offs in sustainability certification.

Results and conclusions

We reviewed five additionality practices and also some potential methods for verifying them. These
practices could be adopted by an individual biomass producer to reduce iLUC risks by increasing relative
resource efficiency and providing an amount of biomass in addition to a reference case.

characterized by the use of practices that an individual producer can adopt and that aim to reduce iLUC
risks by increasing relative efficiency and providing an amount of biomass additionally to a reference
case.

With the gap analysis, we found that certain trade-offs are given preferential consideration by
certification schemes, e.g., biodiversity loss, and that there are significant gaps in certain trade-offs, e.g.,
resource depletion. In addition, we found that the cultivation of biomass on unused land is the most
promising additionality practice in terms of addressing trade-offs.

Outlook

Based on the findings to date, in the next study we will develop a knowledge base for decision making
on assessment methods for trade-offs in low iLUC risk certification. Such a knowledge base intends to
support voluntary certification schemes in their decision to implement a specific assessment method for
a specific trade-off. In doing so, we seek to contribute, among other things, to the identification of best
practice methods for the assessment of trade-offs studied for the certification of biobased products.
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Subject area: Sustainability and politics

Within the H2020 project TORERO (TORefying wood with Ethanol as a Renewable Output: large-scale
demonstration), a cost-, resource-, and energy-efficient technology concept for producing bioethanol from a
wood waste feedstock, fully integrated in a large-scale, industrially functional steel mill will be demonstrated.
Wood waste is converted to biocoal by torrefaction, biocoal replaces fossil powdered coal in a steel mill blast
furnace, carbon monoxide in blast furnace exhaust fumes is microbially fermented to bioethanol, while material
and energy loops of the process are closed to a very large degree. This project creates a value chain for wood
waste, which currently has no attractive application. TORERO is an add-on technology that can be used to upgrade
existing facilities of the steel sector, an industry that is actively scouting for technological solutions to make its
production processes more sustainable. This contribution wants to present the method used to measure this
sustainability by calculating environmental as well as social changes provoked by this system changes. To do so,
an environmental and social lifecycle assessment (LCA and s-LCA) is performed. Results of the assessment of
environmental and social impacts will be presented. To assess the sustainability along the whole value chain, life
cycle-based methodologies have been developed over the last years. LCA considers environmental impacts
along supply chains, from extraction of raw materials to end-of-life of products. The aim of this paper is to describe
the use of LCA and s-LCA to assess the environmental and social impacts of the use of waste wood for energy
production. Important methodological aspects and results of the integrated TORERO process are presented.
The key environmental impacts for the assessment (e.g. GHG emissions, GHG emission reduction
potential, primary energy demand) are quantified and compared with LCA of conventional reference
products. Furthermore, alternative uses of waste wood and the actual situation are included in the assessment.
Simultaneously, a social Life Cycle Assessment (s-LCA), following the UNEP/SETAC-guidelines
(UNEP/SETAC, 2020) will measure the expected social impacts with regards to key stakeholders (workers, local
community, society). Categories in which the most severe impacts can be expected (social hotspots) are
determined by using the Social Hotspot Database.

Based on the needs of the waste wood sector and the integration in an existing infrastructure the
methodologies are adapted to the specific challenges and framework conditions thereby demonstrating a
standardized procedure to measure sustainability in large industrial productions, which is scalable. An
important aspect in the LCA is the allocation of biogenic carbon of the waste wood to the different resulting
products. For assessing the environmental impacts of TORERO process chain, it is relevant to consider the
following important aspects: inclusion of the whole value chain of the waste wood input; the allocation of the biogenic
carbon to the different products; avoiding double counting benefit and product use of carbon; distinguishing
between the different sources of carbon — fossil and biogenic - for understanding the carbon cycle and effects
on global warming; including the current use of waste wood; and comparing the environmental impacts to the
actual situation to get a complete picture on the environmental impacts of waste wood use. First results in terms of
social impacts show advantages for the new system, especially in the categories of labour rights and governance
and emphasizes the importance of considering substitution processes related to the process chain.
Acknowledgement: TORERO has received funding from the European Union’s Horizon 2020 - Research and
Innovation Framework Programme (H2020-EU.3.3.3. - Alternative fuels and mobile energy sources). Project ID:
745810.
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Abstract:

In a world where the pressure on the natural resources is ever increasing and where the global
temperatures continue rising, the need to replace fossil fuels for renewable energy sources is
imperative. With the establishment of the EU Renewable Energies Directive 2018/2001 (RED 1)
Europe has taken a leading position globally towards increasing the share of green energies and
reducing greenhouse gas emissions. Sustainable Resources Verification Scheme (SURE) certification
was founded in 2019 with the aim of to promoting the use of sustainable biomass for bioenergy
production and to provide a robust certification scheme for demonstrating compliance with the
sustainability criteria under RED II.

During this session we will be sharing practical experiences from the implementation of RED Il and
the experience of the development of SURE certification across Europe since 2019, as well as the
lessons learned along the way.

In this session we will showcase — through practical examples - how SURE certification offers a
pragmatic solution for operators all across Europe, where our scheme requirements are built on the
existing companies’ systems and processes, with the objective of streamlining efforts by operators
and avoiding redundancies.

At SURE we understand the challenges faced by biomass operators, given the continuous changes in
EU legislation and the ambitious timelines for implementation which often times create bottle necks
and barriers for the industry.

With over 2500 valid certificates for sustainable biomass and many more on the way, we expect
SURE scheme to continue growing at a strong pace in 2023, and believe our journey so far can be of
interest to other stakeholders in the biomass sector wishing to learn about RED Il and its
implementation on the ground.



Donnerstagd

19

Janner

09:00-10:30 Uhr

Parallelblock 2
Biochemische Bioraffinerien

Thursday

19

January

09:00 am-10:30 am
Parallel Session 2
Biochemical biorefineries

59



60

SynGas-Fermentation zur Erzeugung von
Treibstoffen und Chemikalien aus organischen
Reststoffen

Werner Fuchs, Clemens Hiebl

Universitét fiir Bodenkultur Wien, Dept. IFA-Tulln, Institut fiir Umweltbiotechnologie
Konrad Lorenz Stra3e 20, A-3430 Tulln

werner.fuchs@boku.ac.at
https.//boku.ac.at/ifa-tulln/institut-fuer-umweltbiotechnologie

Bernhard Drosg, Marceli Marzynski,

BEST - Bioenergy and Sustainable Technologies GmbH
Inffeldgasse 21b, A-8010 Graz
bernhard.drosg@best-research.eu
https://best-research.eu

Organische Materialien kdnnen unter Luftabschluss durch Erhitzen vergast werden. Das entstehende
Gemisch aus Kohlendioxid (COz), Kohlenmonoxid (CO) und Wasserstoff (Hz) wird als Syn(these)gas
bezeichnet. Mit Hilfe von Mikroorganismen konnen in einer nachfolgenden Fermentation die
gasformigen Ausgangsstoffe in unterschiedliche Produkte, z.B. organische Sauren oder Alkohole,
umgewandelt werden. Die eingesetzten Mikroorganismen, werden der Gruppe der Aceto- oder
Methanogenen zugerechnet. Sie verwerten die Gase im Zuge ihres Energiestoffwechsels und
schleusen die gebildeten Produkte in das umgebende Medium aus. Die Fermentationsprodukte bilden
die Ausgangsbasis zur Erzeugung nachhaltiger Treibstoffe und Chemikalien.

Zu den mdglichen Ausgangsmaterialien gehéren verschiedene Abfallstrome wie etwa Holzreste,
landwirtschaftliche Nebenprodukte oder Hausmill. Auf diese Weise kénnen Abfalle, die sonst nur
eingeschrankt nutzbar waren, in den Stoffkreislauf zurtickgefiihrt werden. Wesentlicher Vorteil des
Verfahrens ist die hohe Anpassungsfahigkeit von Mikroorganismen an unterschiedliche
Gaszusammensetzungen, woraus sich eine hohe Variabilitat bei den einsetzbaren Reststoffen ergibt.

Die Erzeugung von Methan (CH4) oder Ethanol als Biotreibstoffe ist bereits als Stand der Technik zu
bezeichnen. Zur Zeit wird intensiv an weiteren mikrobiologischen Umsetzungsreaktion geforscht, mit
denen die Palette der gewonnen Chemikalien verbreitert werden soll.

Am Institut fir Umweltbiotechnologie wird vor allem der Einsatz synthetischer Mischkulturen, die in
synergistische Weise bei der Produktion hochwertiger Metaboliten zusammenwirken, untersucht.
Mischkulturen zeichnen sich gegeniber Reinkulturen, welche nur einen einzelnen Stamm an
Mikroorganismen beinhalten, durch ihre hohe Robustheit und Flexibilitat aus. Die eingesetzten kiinstlich
zusammengesetzten Kulturen bestehen aus Organismen, die die gasférmigen Substrate in Acetat und
Ethanol umsetzen (Clostridium carboxidivorans, C. ljungdahlii, Alkalibaculum bacchi) und weiteren
Arten, die die primaren Produkten in einer Kettenverlangerungsreaktion unter anderem in hdhere
Carbonsauren verwandeln (Megasphaera sueciensis, Clostridium kluyveri).

Neben der geeigneten Bakterienpopulation wird an der Optimierung der Konfiguration der Bioreaktor
geforscht, welche den Mikroorganismen die idealen Vorrausetzungen fir ihre Stoffwechselleistungen
liefern sollen. Eine Besonderheit, die eine sehr hohe Novitat besitzt, ist die Kombination der
Syngasfermentation mit der sogenannten Elektrofermentation. Hierbei wird mit Hilfe einer kleinen
angelegten Spannung der mikrobielle Stoffwechsel manipuliert und somit das erzeugte
Produktspektrum in die gewtiinschte Richtung gelenkt. Wie entsprechende Versuche in Biofilmreaktoren
zeigten, konnte vor allem die Bildung langer-kettiger Kohlenstoffverbindungen (C4-C8) erheblich
gefordert werden.

In den Arbeiten besteht eine enge Kooperation mit dem K1 Kompetenzzentrum BEST - Bioenergy and
Sustainable Technologies. Ziel ist das Up-scaling der derzeit noch im Labormalfstab durchgefiihrten
Experimente in den Pilotmalstab. Die neu errichtete 1 MW Dual-Fluid Vergaseranlage in Wien-
Simmering bietet die ausgezeichnete Gelegenheit Versuche unter praxisnahen Bedingungen mit realem
Syngas durchzufiihren.
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Themenbereich: Biomasse und reststoffbasierte Bioraffinerien

Flocculants are used in many areas of the water industry to remove pollutants and contaminants, such as
colloidal particles, from wastewater. In some biogas plants flocculants are used in the treatment digestate
in order to obtain a fraction with a higher dry matter content. The use of flocculants can increase the
efficiency of further separation processes such as centrifugation or filtration. Reducing the volume of
digestate can significantly reduce application costs. Common flocculants are polyacrylamide (PAM) or the
coagulant iron chloride. Synthetic PAM, due to its synthesis, can have a very high molecular weight and is
the basis for various flocculants. However, there are concerns about the release of PAM into the
environment. There is also the risk of acrylamide residues during the synthesis of PAM. The biopolymer
chitosan (CTS), which can be obtained from shrimp shells, crab shells or fungal mycelium is a possible
alternative to conventional flocculants.

In the "BioFlock" research project the use of various CTS products as a flocculant on kaolin, digested sludge
and digestate is investigated. In addition to conventional CTS, the CTS derivatives carboxymethyl CTS, N-
succinyl CTS and quaternary CTS were used. The flocculation efficiency was determined by means of a
jar test, particle measurements and the turbidity of the media. CTS was found to be suitable for flocculation
of digested sludge followed by centrifugation, resulting in a reduction in particle number of 83%-99%
compared to the blank.

The derivatives carboxymethyl-CTS and N-succinyl-CTS did not prove to be suitable flocculants. The jar
tests with digestate showed that the amount of 0.04 kg CTS per kg dry matter was not sufficient to flocculate
the particles in the digestate. The reduction in the number of particles after centrifugation with CTS was
lower compared to the same amount of PAM and ferric chloride. At doubling the amount to 0.08 kg per kg
dry matter, the separation of the particles in the digestate was improved. The best result with CTS was a
particle reduction in the digestate of 79%. CTS could be a promising flocculant in the future due to its natural
origin and biocompatibility, offering advantages over conventional products. In a degradability test (BOD-
test), it was shown that chitosan (88 %) degraded better than PAM (20 %) over the same period of time.
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The globally increasing energy demand and growing resource scarcity calls for an efficient utilization of biowaste or
biogenic residues from agriculture, forestry, industry and municipalities. The organic fraction of municipal solid waste
(OFMSW) represents a main fraction of the residential waste. As such it is one of the most complex and relevant
biowastes. In Germany, it is prescribed per law to collect OFMSW separately (usually via biowaste bins) and approx. 5
million tons of OFMSW - which mainly contain a mixture of food, kitchen and garden waste - are currently collected each
year'. This amount could be even higher due to the circumstance that a large share of the population still has no access
to a biowaste bin or due to low collection levels of OFMSW in areas with available biowaste bin. Furthermore, recent
studies have proven that large amounts of biowaste still remain in the residual waste bin. Additional challenges in the
context of OFMSW are the share of impurities that complicate the processing at existing treatment plants and thus limit
the re-application potential of generated products.

To date, OFMSW is utilized via composting and anaerobic digestion (AD) or in a combined treatment of the before-
mentioned in order to produce biogas, digestate and compost products. In the AD of biowaste, dry digestion systems
such as plug-flow (mainly thermophilic) or batch reactors (mainly mesophilic) represent common state-of-the-art
technologies, especially when using OFMSW as sole or predominant feedstock. An evaluation of the German waste
digestion market? has shown that those technologies differ especially regarding the achieved biogas vyields
(2100 m? tgsysw for plug-flow, <100 m? tgeysw for batch reactors), which can be explained by the chosen process
temperature and the technical efforts for OFMSW pre-treatment. This is drastically lower or even non-existent in the
case of batch reactors. In wet digestion systems equipped with stirred-tank reactors, however, OFMSW is only used as
co-substrate but usually those waste-digestion plants rely on different biowaste types with low dry matter (DM)
concentration such as commercial food waste. Problematic is the current main objective of waste treatment plants as it
primarily is the hygienic treatment and stabilization of biowaste. In addition, OFMSW contains biowaste types that are
hardly degradable in AD such as fiber-rich, lignocellulosic components.

From a sustainability perspective, the inefficient utilization of biowaste has to be avoided. Therefore, alternative
utilization methods that complement the conventional treatment approaches could improve the entire value chain of
biowaste valorization while contributing to the transformation towards a bio-economy. Within the research project
“Biowaste to Products (BW2Pro)” an innovative concept and the operation of a biorefinery in pilot scale with a treatment
capacity of 1000 kg d! of OFMSW is evaluated. The concept consists of an OFMSW pre-treatment (sieving, shredding,
sorting, hydro-cyclone) to remove impurities, a steam explosion technology to access the fibers, a solid-liquid separation
with a fiber utilization plant and a two-staged AD, which in turn consists of a hydrolysis, a filtration unit and a methane
reactor realized as a fixed bed for biogas production at preferably high organic loading rates. Based on this biorefinery
approach, the objectives are to separate the fibers from the OFMSW mixture after steam explosion prior to the AD
process to produce natural fibers for different material applications such as flowerpots (substitution of peat or plastic
pots), agricultural fleeces or fiber composites. Simultaneously, the liquid and OFMSW-based by-product (“pulp” after
solid-liquid separation) will be used as biogas substrate and its digestate as high-quality fertilizer.

Within preliminary studies, the material properties and energetic potential of the untreated OFMSW, which will be used
as feedstock for the biorefinery, were determined. Both DM and organic dry matter (0DM) concentration vary depending
on parameters such as settlement structure or season but they can be sufficiently specified. E.g., the range of values
was 27.5 - 35.5%fresh matter (FM) fOr DM concentration with an average of 31.73 £ 2.40%rm and 70.6 - 90.4%pwm for oDM
concentration with an average of 83.35 + 4.21%owm (both n=42)'. Together with results of the specific methane yield
(SMY) of 297 * 24 L kg, (determined via Hohenheim Biogas Yield Test according to VDI 4630), a FM-based SMY of
approx. 80 L kg! was achieved. This SMY is considerable higher than those commonly achieved in full-scale AD plants
as presented above.

In the planned biorefinery, however, only OFMSW-based liquids (after steam explosion) will be digested. For comparison
and to evaluate the effect of steam explosion treatment, OFMSW press water was generated in a first step without prior
steam explosion. Fresh OFMSW was separated into solid and liquid fractions with a tincture press at different operating
pressures (10, 50 and 100 bar). All generated liquids were characterized with DM concentrations between 8-10%#ew,
oDM concentrations between 68 - 75%pwm, pH-values of approx. 4.5 and SMY of 323 - 500 L kgg2y. The best OFMSW
press water variant achieved a FM-based SMY of almost 40 L kg™'. Thus, even without prior steam explosion a significant
amount of energetic potential can be transferred to the liquid phase by sole pressing. However, the fibers cannot be
separated from the remaining solid fraction and would thus remain unused without prior steam explosion.

' Sailer et al. 2021, Characterization of the separately collected OFMSW from rural and urban districts for a one-year period in Germany. Waste
Management. doi: 10.1016/j.wasman.2021.07.004.
2 Own evaluation based on data of Kern and Raussen 2021 (Biogas Compendium 2021/22).
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Effiziente Synthese von Methanol aus reformiertem
Biogas
Biomasse- und Reststoffbasierte Bioraffinerien/Bio CCU und CCS

Carl Fritsch, fritsch@fiw.rwth-aachen.de, +49 241 80 2 39 55
Jule Blankenstein, blankenstein@fiw.rwth-aachen.de, +49 241 80 2 68 49

Methanol ist eine der meistgehandelten Flissigchemikalien der Welt. Rund 110 Mio. t. werden weltweit
jahrlich produziert und gehandelt [1]. Bisher werden ca. 99% der Chemikalie auf Grundlage fossiler
Ausgangsstoffe, iberwiegend Erdgas und Kohle, hergestellt.

Eine Mdglichkeit Methanol vollstandig erneuerbar herzustellen ist die Synthese der C1-Plattformchemi-
kalie durch Reformierung von Biogas zu Synthesegas und die katalytische Herstellung von Methanol
daraus.

Wahrend die Synthese von Methanol aus CO-reichem Synthesegas aus der Reformierung von Erdgas
ein grotechnisch vielfach umgesetztes und stark optimiertes Verfahren ist, birgt die aquivalente Her-
stellung aus COz-reichem Biogas folgende technische Hirden:

- Die Reformierung von Biogas (ca. 60% CH4/40% CO3) erfordert durch den — im Vergleich zu
Erdgas — erheblich geringeren Heizwert einen deutlich héheren Einsatz des Biogasfeeds zur
Erreichung der notwendigen Verfahrenstemperaturen.

- Der hohe Anteil an CO2im Biogas bedingt fir die Einstellung eines stéchiometrischen Verhalt-
nisses von CO/CO2zu Hzim Synthesegas die Zugabe von zusatzlichem Wasserstoff

-  Die kommerziell eingesetzten Katalysatoren fir Herstellung von Methanol durch die Hydrierung
von CO sind auf die Selektivitat fir CO optimiert. Die effiziente Hydrierung von CO: erfordert
Fortschritte in der Katalysatortechnik, um die gegenuber der Erdgas-basierten Synthese veran-
derten Synthesegaszusammensetzungen effektiv umsetzen zu kénnen

In einem durch das Bundesministerium fir Wirtschaft und Klimaschutz (BMWK) geférderten Projekt
adressiert das Forschungsinstitut fur Wasserwirtschaft und Klimazukunft an der RWTH Aachen (FiW)
e.V. alle oben genannten Punkte. Die Ergebnisse werden an einer Pilotanlage demonstriert.

Die ersten Ergebnisse der Versuchsphase an der Pilotanlage, an der ein integriertes System aus au-
tothermem Reformer, Methanolsynthese, Produktabscheidung, Gasrecycling und Purge gepruft wird,
zeigen, dass der Verfahrensansatz Potenzial zur kommerziellen groRtechnischen Umsetzung an Bio-
und Klargasanlagen hat.

Neben der Reformierung des gesamten Biosgases ist auch eine Abscheidung des CO2 mit subsequen-
ter Synthesegaserzeugung durch Zugabe von Elektrolysewasserstoff als nachhaltiger Verfahrensan-
satz denkbar. Im Vergleich zum pilotierten Verfahren sind alle hierfur benétigten Verfahrenskomponen-
ten (bis auf den Katalysator fur die Synthese) in industriellem Mafstab verfiigbar.

In der Prasentation werden zunachst die ersten Ergebnisse der Pilotversuche gezeigt. Weiterhin werden
beide Ansatze — die Reformierung des Biogases sowie die Abscheidung des CO2z und Aufbereitung zu
Synthesegas — aufbauend auf der Pilotierung des Verfahrens gesamtenergetisch und wirtschaftlich ge-
genubergestellt. So wird das marktseitige Potenzial der Methanolsynthese aus reformiertem Biogas
hergeleitet.

[1]1 MMSA Global Supply and Demand 2022; Methanol market Services Asia; Singapur 2022

63



64

Innovative solutions for resource- and cost-efficient
production of biomethane in agriculture

Kirsikka Kiviranta,

VTT Technical Research Centre of Finland
P.O. Box 1000, FI-02044 VTT, Finland
kirsikka.kiviranta@vtt.fi

Co-Authors: Heidi Saastamoinen, Elina Mdki, Saija Rasi, Janusz Gotaszewski, Christina Zinke

Agricultural regions have potential to valorise low-quality feedstock to biogas and other products.
However, there remains challenges especially related to cost-efficiency, which are important to be
tackled, in particular given the current energy crisis in Europe calling for much higher domestic
production of energy. Issues related to resource- and cost-efficiency are addressed in public funded
research projects BRANCHES and HABA. BRANCHES (Boosting rural bioeconomy networks following
multi-actor approaches) is a HORIZON2020 project, in which currently available and feasible biogas
production practises, among other bioeconomy solutions, already implemented in agriculture and rural
regions have been screened by local project partners in Finland, Spain, Italy, Poland and Germany.
The practise-oriented knowledge of the most innovative and cost-efficient practises have been
summarized and shared to farmers and practitioners in these countries. In addition to the knowledge
transfer of the most promising solutions, BRANCHES project aims to understand the factors affecting
the success of the identified biogas production practises by collecting drivers and barriers related to
their replicability potential in other regions and markets.

The findings show that there is a large variation especially in the scale and business model applied in
the most promising and feasible biogas solutions in agriculture. Biogas can be produced from side and
waste streams (e.g., manure, post-distillery brew, fruit and vegetable residues, overdue food) of a single
farm but in some cases several farms have come together to produce biogas in a centralized plant. The
centralized collection of cattle slurry and manure can be especially beneficial to agricultural producers
that do not have enough agricultural area to spread the manure to. In some examples, the local
municipality is supporting biogas production by e.g., being a participant in a biogas production
cooperative or by buying the energy or produced transportation fuel.

The product biogas can be used to cover the farm’s own heat and electricity demand and the digestate
to contribute to farm’s fertilizer demand. The produced gas can be also sold outside the farm in the form
of energy or upgraded to biomethane, which is applicable as a transportation fuel for instance in the
milk collection trucks or in passenger cars. The digestate can also be used in organic fertilizer
production to form another income source. Recently, biomethane production through hydrogen
biomethanation has taken steps towards commercialization. A key precondition for the profitability of
biogas production seems to be, that the demand meets the supply.

Although existing examples of successful biogas production practises can already be found, the
investment costs for the biogas production and upgrading are generally considered high. Thus,
improving cost- and resource-efficiency of biogas production would benefit the farmers, but new
technological solutions are still required for that. In HABA project (Decentralized and resource-efficient
production of biomethane in Central Finland), funded by the REACT-EU instrument to support regions
affected by COVID-19, several technologies are being piloted with the aim to increase biogas production
potential by biogas upgrading and exploiting the produced side-products.

The technologies piloted in the project include a) biological in-situ methanation by injecting hydrogen
into biogas digestor in lab- and pilot scale, b) using membrane contactor in separating carbon dioxide
from biogas into an absorbent solution, c) purifying, compressing/liquefying, and bottling carbon dioxide
separated from biogas to create product quality CO2, and d) improving the utilization possibilities of the
digestate by improving the separation process. One target of HABA project is to increase profitability of
decentralized biogas production. For instance, the more cost-effective upgrading of biogas into a
transport fuel (biomethane) can make a previously unprofitable project plans profitable. In addition,
creating value for carbon dioxide, currently released to the atmosphere, can have positive impacts on
the investment decisions through economics and climate impacts.
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IEA Bioenergy Task40 - Deployment of biobased
value chains for a Circular Bioeconomy

Fabian Schipfer*, Bettina Muster®, Judith Buchmaier* & Michael Wild"
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The focus of Task 40 in the triennium 2022-2024 is on the development and design of efficient,
economically viable, and bankable value chains to support a more significant deployment of
sustainable biomass for energy, but also biobased products, chemicals, and materials, considering
food, feed and fiber markets. In short, Task40 aims at deploying sustainable biomass for energy in the
context of the larger Circular Bioeconomy.

The work within the Task40 and together with other Tasks and IEA Technology Collaboration
Programs (TCPs) evolves around three work packages:

WP1 on Market Developments includes a continuation of the regional transitions project in which we
devised strategies to increase the mobilization and deployment of local (endemic) low-value
heterogenous solid biomass resources. A collaborative Intertask project on market perspectives and
deployment of aviation and marine biofuels was also initiated.

WP2 on Industrial Heat and Processes builds upon the publications of the last triennium on
technologies, markets, and processes for high-temperature bioheat for industrial applications. This
triennium, the strategic Intertask project, consolidates the knowledge and research of all IEA
Bioenergy Tasks and the collaborative Intertask project on industries suitable for Bioenergy Carbon
Capturing, Utilization, and Sequestration (BECCUS).

WP3 is dedicated to deployment strategies. The strategic Intertask project on the role of bioenergy in a
Well-Below-2°C / Sustainable Development Goals (SDG) world is now complemented by the Intertask
work on the deployment and markets of renewable gases (including green hydrogen, biogas, and
biomethane). A new project on deployment guidance regarding technological barriers, economic
aspects, financing, and a collection of success stories is planned.

The Austrian delegation to Task40 participates in each Work Package. Additionally, we aim to
consolidate the interdisciplinary approaches applied in the various thematic areas based on
fundamental research and discussions. Therefore, we are shifting our focus from value chains to value
networks. This perspective allows us to investigate network dynamics emerging from system
integration between food, material, and energy use of biomass, and with complementing
transformation strategies based on renewable electricity, hydrogen, and Circular Economy concepts.
This meta-study tries to answer the following questions:

1. What are the benefits of system integration, aka multi-sector coupling?
2. How can we measure and account for the possible multiple benefits of system integration?
3. And how can we design market and decision-making frameworks to reward those benefits?

The meta-study will accompany the various thematic areas, find application in selected case studies,
and be discussed based on a more abstract and generalized level during the current triennium. We



Highlights from IEA Bioenergy Task 32 “Combustion”

Morten Tony Hansen (Ea Energy Analyses, DK) and Christoph Schmidl (BEST, AT)
Task Leader IEA Bioenergy Task 32

Within the IEA Bioenergy Technology Collaboration Programme, Task 32 Biomass Combustion works on further
expansion of the sustainable use of biomass combustion for heat and power generation. Task 32 puts special
emphasis on small-scale heating units and medium to large scale CHP plants as well as co-firing biomass with
coal in traditional coal-fired boilers. This is done by generating and disseminating information on technical and
on non-technical barriers and anticipated solutions.

Task 32 has a strong focus on improving air quality by reducing emissions from residential wood combustion
systems. The task has recently published three reports within this topic:

Advanced Test Methods for Pellet Stoves - Report on Consequences of Real-Life Operation on Stove

Performance summarising and discussing current and proposed testing methods for pellet stoves and
summarises existing data about real life performance and the connection to lab testing results. The report
addresses manufacturers, research and (notified) testing bodies, standardization groups, regulation bodies
(international, national, regional) and interested end users.

Design of Low Emission Wood Stoves - Technical Guidelines focusing on primary measures such as fire

chamber design, ignition principles, load, air control and automation while secondary measures such as
catalysts and filters (ESP, bag filters, chimney fans) are described in general terms. This gives a basis for the
decision for combining primary measures with secondary technologies to obtain almost zero emission
combustion products. The guideline is aimed at manufacturers but also at funding agencies or regulation bodies
to set up the legal and funding framework of these emerging technologies.

Inventory of national strategies for reducing the impact on air quality from residential wood combustion. Many

countries are working on strategies for reducing the impact on air quality from small-scale wood combustion.
Their individual approaches may bear interesting measures, ideas or experiences which are useful for others.
The report compiles national approaches concerning emission reduction strategies in the field of residential

wood combustion in selected IEA-member countries.
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The Possible Role of Biofuels in A Climate Neutral
Transportation Sector in Austria

Gerfried Jungmeier

JOANNEUM RESEARCH
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gerfried jungmeier@joanneum.at

Michael Schwingshackl

Graz University of Technology, Graz, Austria
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The environmental effect of vehicles can only be assessed based on life cycle assessment (LCA)
covering production, operation and end of life. The methodology of dynamic LCA is used for future
scenarios of the Austrian vehicle fleets — covering passenger vehicles, trucks, buses, 2-wheelers, trains
and ships - for reaching climate neutrality in 2050 and to identify its necessary framework conditions.
Based on the historic development and the current vehicle stock scenarios are developed to reach the
following goals: 1) 2030: 48% GHG reduction compared to 2005; 2) 2040: climate neutrality for the
Austrian transport sector and 3) 2050: climate neutrality for all global GHG emissions in dynamic LCA.
The main energy carriers for climate neutrality are 15t and 2" generation biofuels, renewable electricity
and hydrogen as well as e-fuels to be used in (battery or overhead line) electric systems, internal
combustion engines and fuel cells vehicles. The analysed scenario differ in the development of the
vehicle stock and the different shares of (bio)fuels, hydrogen and electricity.

The results show that a strong electrification of the passenger vehicle fleets and the use of hydrogen
and biofuels for trucks and busses, where electrification is due to required range, refuelling time an
weight is not possible, will lead to a climate neutral transport sector in Austria using mainly domestic
sustainable energy sources — forest biomass, hydro and wind. The possible role of e-fuels is very limited
due to its low energy efficiencies. The biggest challenge is to reach a 48% GHG reduction already by
2030. The main influences to reach climate goals in Austrian vehicle fleet are: 1) increasing number of
newly registered electric vehicles in all segments 2) development of total vehicle stock, 3) development
of annual driven mileage of vehicle fleet, 3) generation of additional renewable electricity, 4) more
efficient use of biomass and 5) rapid increase of wood-based biofuel production. The conclusions on
the future role of biofuels in climate neutral society in Austria are the efficient use of biomass in
biorefineries for broad product portfolio with its main products food & feed, carbon-based materials
&chemicals and carbon-based fuels for heavy vehicles.



The role of biofuels in the transition toward
sustainable transport system

Amela Ajanovic
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Currently the transport sector accounts for a quarter of total greenhouse gas emissions in the EU.
According to the European Green Deal, it will be necessary to make significant changes in the transport
sector to be able to reach climate neutrality by 2050. Although, currently major focus is put on the
electrification of mobility, there are still significant challenges related to the broader use of battery electric
vehicles. At least in the next decade biofuels should play an important role in the realisation of the
European decarbonisation targets.

However, over the last decade, with the increasing use of biofuels some challenges, such as
sustainability of biofuels or competitions with food production have become more evident. Therefore,
the policy framework was changeable over time leading to the lower of investments in biofuels
worldwide, especially in the first-generation biofuels.

The major goal of this work is to analyse and discuss the development of the biofuels use over the last
years as well as to investigate impact of the COVID-crisis and Ukraine-war on the policy framework. Of
special interest is to identify major differences between countries and to identify positive examples and
derive lessons learned.

The future prospects of biofuels are very dependent on three issues: (i) the development of their
economic and (ii) environmental performances, especially CO2 emissions, as well as (iii) policy support,
e.g. subsidies and quotes. Due to the current crisis, of special interest is the potential competition
between fuel and food production. Many countries have already prepared proposals for the reduction of
the blending mandates. A major conclusion is that the time of political promotion of biofuels is widely
over, especially due to the current crisis and announced ban on internal combustion engine vehicles
and there are no bright prospects for biofuels are on the horizon.
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ON THE ECONOMICS AND POTENTIALS OF
BIOMASS-BASED GREEN GASES IN AUSTRIA

Reinhard Haas, Amela Ajanovic, Frank Radosits, Marlene Sayer
Energy Economics Group, Vienna University of Technology,
Gusshausstrasse 25/370-3, A-1040 Vienna,

E-mail: Haas@eeg.tuwien.ac.at

Green gases based on biomass are considered as an important mean to cope with environmental and
supply security problems in natural gas supply. The core objective of this paper is to investigate the
perspectives of biomass-based green gases from economic and ecological points-of-view in a dynamic
framework till 2050 for Austria. In addition the potentials in such a dynamic framework will be analyzed.

The fuels investigated are:
e biogas respectively biomethane from organic waste, maize silage or grass;
¢ Synthetic natural gas (SNG) from different wood sources, straw and forest wood residues;
¢ hydrogen from biomass.

The major results is, that actually there is a considerable potential for green gases from biomass. The major
barrier are the still high production costs mainly because of the high investment costs of the conversion
plants / biorefineries. This leads to an unfavourable economic performance in comparison to fossile natural
gas at price levels of 2000-2020.

Yet, if a proper CO2 tax is implemented and prices of fossil fuels will remain high and given that other
current policies discussed are put in practice, green gases could become economically competitive already
in the next years,

The major conclusion is that biomass-based green gases will play a significant role only if the proper mix of
CO2-taxes, intensified R&D, investment subsidies and corresponding riding down the Learning Curve of
the investment costs of the conversion plants/ biorefineries are timely implemented. Or if especially the
natural gas prices remain at price levels significantly higher than over the period 2000-2020



The Strategic Role of Bioenergy
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Bioenergy, an important element in combating climate change, securing energy supply, and providing
income through regional biomass-supply chains, is today the largest source of renewable energy
globally. Biomass can be used to produce power, heat, cooling, transport biofuels, and intermediate
bioenergy carriers, such as renewable gas. Bioenergy can substitute fossil energy carriers and thus
reduce energy-related greenhouse gas (GHG) emissions. Sustainability, however, is key.

GHG emissions, the emission of local air pollutants, biodiversity, land and water use, etc., are all
important elements of environmental sustainability. Sustainably managing forests and agricultural
landscapes can deliver biomass for bioenergy to reduce GHG emissions while also maintaining or
improving biodiversity, carbon sinks, and species abundance. In many regions, bioenergy has to comply
with strict sustainability criteria and standards so as to assure effective GHG emission reductions;
moreover, there is a growing awareness that preserving stocks of carbon in the soil, as well as
biodiversity conservation, should be important elements in all our activities.

As for economic sustainability, being price-competitive with other (fossil or renewable) energy carriers
is one of the biggest challenges for bioenergy. Significant quantities of biomass can be supplied at low
cost, for example, straw from food/feed crop production, residues from wood or food processing
industries, used cooking oil or other biogenic wastes; but when larger quantities are needed, also higher-
cost biomass has to be used. Costs for biomass feedstocks and bioenergy carriers vary regionally and
also depend on their intended use and competition from other market actors for the same feedstocks.

It is essential to invest in mobilisation of biomass but this needs to be carefully managed to safeguard
the environment; biomass—being a limited resource—should be used wisely and efficiently. Wherever
basic energy needs are met, a cascading use of biomass feedstocks is becoming a requirement.

Social sustainability, finally, deals with how sustainability affects people, their health and well-being,
and their ability to make a decent living. The 17 Sustainable Development Goals (SDGs), which all
United Nations Member States have adopted and aim to achieve by 2030, balance the three dimensions
of sustainability—environmental, economic, and social—and aim for a just transition to a sustainable
future. Today, about 2.8 billion people globally still lack access to clean cooking solutions, relying on
traditional burning of biomass over open fires to heat their food. Modern bioenergy, namely the use of
commercial solid, liquid or gaseous biomass-based fuels in efficient appliances, can play an important
role in achieving the SDGs, directly contributing, for example, to better health and well-being, affordable
and clean energy based on local resources, and action against climate change.

Biomass can be used in many different ways, using a wide range of technologies. Biorefineries split
biomass into disparate fractions that can be processed into a variety of products, including materials,
chemicals, animal feed, pharmaceuticals, and energy, thus contributing to the bioeconomy. Intermediate
bioenergy carriers, such as torrefied pellets and pyrolysis oils and other biocrudes, can be used to store
energy, making transportation of the energy carrier more efficient. Bioenergy installations can provide
heat and electricity on demand, cover baseload and peak demands, or shift energy provision between
seasons. Solid, liquid, and gaseous bioenergy can be used in sectors that are otherwise hard to
decarbonise, such as high-temperature heat production for industry or long-distance aviation, heavy-
duty transport, and international shipping. Moreover, combining bioenergy with carbon capture and
storage (CCS) can achieve net negative GHG emissions.

Despite its many benefits, the growth of sustainable bioenergy is still below the level needed for the
desired energy transition. Governance systems are needed to assure sustainable sourcing of biomass
feedstocks, their efficient conversion to renewable energy, and their deployment. Biomass trade needs
to connect biomass supply and end markets. Policymakers have a crucial role to play in facilitating the
energy transition, by giving it priority, creating markets for sustainable, low-carbon technologies, and
promoting research and development.
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According to the REPowerEU initiative, as published by the European Commission in 2022, the annual
production goal for biomethane is set to 35 bcm' by 20302, an almost tenfold increase of the current
production of 3.6 bcm per year3. An ambitious goal, given the fact that subsidy schemes for biomethane
vary widely within the EU Member States, which often renders biomethane production unfeasible from
an economic perspective unless gas prices stay at least above 55€/MWh*. Details on how to reach the
goal are included in the Biomethane Action Plan, a dedicated point in the REPowerEU initiative,
targeting this topic5. Aside from technical challenges and necessary adaptions in legislation, cross-
border ownership transfer of biomethane in Europe may accelerate the rise in production and interest
in biomethane consumption by making the renewable gas product available to a higher number of
market participants throughout Europe. Using certificates and national registries for the documentation
and tracking of the intrinsic, renewable value of renewable gases provides the necessary market tools
to enable mass-balancing of biomethane along the interconnected European gas grid. This prevents
double counting and sets a universal standard to harmonize the biomethane market across Europe.
The EU-funded H2020 project REGATRACE supports the development of national biomethane markets
in dedicated Target and Supported countries by removing non-technical barriers for cross-border
transactions of European Biomethane certificates. The “REGATRACE Network” was developed as an
overarching solution to several bilateral or multilateral agreements, bringing all organisations
responsible for the documentation of renewable gas on one table, which is yet unique in Europe. The
project results show that a bottom-up approach is necessary to sustainably integrate renewable gases
into the European energy market: 15t step: Establishing national registries - 2" step: Harmonize the
certification process (GoO®, PoS’, auditing criteria, Mass balancing etc.) - 3 step: Connect national
registries via a common European scheme (ERGaR®) - 4t step: Enable cross border ownership
transfers — 5 step: provide security via a harmonized framework throughout Europe with clear
production guidelines and definition of desired application purposes of renewable gases to facilitate
market growth. Outlook: Given the ambitious goal of 35 bcm until 2030 and the uncertain supply situation
of gaseous energy carries in the year 2022, several measures leading towards renewable energy
production within the EU should be taken. While, based on the exchange with various stakeholders, a
common European scheme for ownership transfer will not lead to a tenfold increase in production
quantities on its own, it is expected to facilitate the process significantly.

1 Billion cubic meters

2 REPowerEU (europa.eu)

3 6th European Biomethane Benchmark (sia-partners.com)

4 A way out of the EU gas price crisis with biomethane | European Biogas Association
5 EUR-Lex - 52022SC0230 - EN - EUR-Lex (europa.eu)

6 Guarantees of Origin

7 Proof of Sustainability

8 European Renewable Gas Registry
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Residual forest biomass for combined production
of food and biofuel

Shaojun Xiong'*, Carlos Martin?, Feng Chen'3

" Swedish University of Agricultural Sciences, Department of Forest Biomaterial and Technology, SE901 83
Umea,

Sweden; 2 Inland Norway University of Applied Sciences, Department of Biotechnology, N-2317 Hamar, Norway; 3
Anhui Agricultural University, School of Horticulture, Hefei 230036, China.

Presenter * Contact Details: Email: Shaojun.Xiong@slu.se, Tel +46-907868778

Growth of global population and climate change as well as potential breaks in the supply chains due to
global-scale crisis such as the covid-19 pandemic underline the importance to develop sustainable
solutions to increase regional food and fuel security as well as resource and energy efficiency. We have
in recent years developed an approach of using local wood resources for integrated production of edible
mushroom and biofuel, which is proved to be a promising strategy for the countries such as Sweden
where > 60% of the food is imported but forest residues are plentiful.

The approach is based on a sustainable production of high value non-meat protein by cultivation of white-
rot edible mushroom such as shiitake (Lentinula edodes) on low-value wood residues. During the
cultivation, the wood is broken-down and delignified by the mushroom thus enabling an efficient
bioconversion of cellulose contained in the wood into fuel ethanol. Then solid-leftovers after enzymatic
saccharification can be also used as fuels for heating.

Our major research work was to investigate: 1) the factors that affect both mushroom production and
substrate lignocellulosic degradation during the cultivation; 2) the consequences for enzymatic
saccharification of spent mushroom substrates and for fermentation of cellulose hydrolysates to ethanol.
Shiitake growing on designed hardwood substrates was used as a study model. One of the most
significant findings is that the substrate composition with around 0.6% nitrogen and 10% bark fraction
could minimise cellulose loss from conventional >50% to 20% but maximise lignin degradation to >70%
of that in the initial mass, leading to optimal production of both mushrooms and bioethanol. It was
understood that the delignification by fungus was correlated with degradation of syringy! lignin unit, but
not related to substrate crystallinity. Also, phenolics were found to be considerably formed from lignin
degradation and acidic acid was mostly formed during enzymatic saccharification, but both byproducts
were too low to inhibit processes of saccharification and fermentation, which shows a remarkable
advantage over conventional thermochemical pretreatment of lignocellulose for producing ethanol. The
shiitake cultivation, as biological pretreatment for facilitating the lignocellulose bioconversion, results in
also increased nitrogen solubility thus providing easily-accessible nitrogen sources for supporting
ethanolic fermentation.

It is estimated that 1000 kg dry mass of birch-based substrates can produce up to 600 kg fresh shiitake
mushrooms (90% water), ~130 litre fuel-ethanol and ~300 kg solid leftovers for heat generation, based
on our experimental data.

76
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To ensure the economic and environmental sustainability of biorefineries it is crucial to utilize the
feedstocks to the fullest extent possible. One key strategy to achieve this goal is to valorize secondary
streams and integrate different processes to utilize synergies between them.

Aqueous phase reforming (APR) is a comparatively new process in which a hydrogen-rich gas is
produced by catalytically reforming organic compounds dissolved in an aqueous solution at relatively
low temperature and high pressure. It therefore enables the valorization of carbon-laden residual waters,
which commonly occur as a by-product in biorefinery processes. The Fischer-Tropsch (FT) synthesis,
which is known for almost a century, can be used to produce synthetic fuels from syngas. Syngas
obtained from dual fluidized bed steam gasification of woody biomass usually exhibits a H2/CO ratio
below 2. For FT synthesis however, the ideal ratio would by just above 2.

By coupling the two processes, as envisaged by the Heat-to-Fuel concept, the hydrogen from APR can
be used to increase the H2/CO ratio of the syngas that is used in the FT synthesis. This work
demonstrates this concept by coupling the APR with the FT process at lab scale.

For the demonstration two independent plants were built. Since to our knowledge APR has only been
studied on a bench scale so far, the process demonstration unit built for this endeavor is the largest
continuous plant on this scale to date. The plant was designed to process up to 44 I/h of carbon-laden
residual waters. However, the experiments were conducted using a synthetic aqueous phase containing
1 wt% organics. The fixed bed reactor used a platinum-based catalyst and was operated at 260 °C and
55 barg.

The FT unit was rebuilt from a previously existing unit and retrofitted with a millistructured FT reactor.
For syngas, around 1.25 Nm?3/h of a 2:1:2 mixture of hydrogen, carbon monoxide and nitrogen from gas
cylinder bundles was used. The millistructured reactor used an innovative cobalt-based catalyst and
was operated at a temperature of 230 °C and a pressure of 20 barg.

After operating the two plants independently for several hundred hours, both units were coupled and the
APR gas was fed to the FT unit. Since the APR product gas consisted of approximately 70 vol%
hydrogen and 30 vol% inerts the composition of the syngas was adjusted to maintain the 2:1:2 ratio
previously used. The coupled operation was demonstrated in one continuous experimental run for 50 h.
During this run, close to 190 NI/h of syngas was substituted with APR product gas, which is about 15 %.
Under these conditions a carbon monoxide conversion (per pass) of around 30 % and a methane
selectivity of around 20 % were achieved. Both the reactor performance and the product composition
were comparable to that obtained during previous stand-alone FT experiments under the same
conditions.

The demonstration shows that the coupling of the APR and FT processes is feasible on a technical level.
Combining the two processes allows to use carbon-laden residual water that otherwise would be treated
as waste water for the production of green hydrogen, which in turn is used to produce sustainable
biofuels. The integration does not lead to any significant drawbacks with regards to process performance
or product quality.

Acknowledgment: The work was performed within the H2020 project Heat-to-Fuel. This project has
received funding from the European Union’s Horizon 2020 research and innovation program under grant
agreement No. 764675 and the COMET program under grant agreement No. 869341. The COMET
program is managed by the FFG and is co-financed by the Republic of Austria and the Federal Provinces
of Vienna, Lower Austria, and Styria.
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The H2020 To-Syn-Fuel project demonstrates a sustainable process able to transform waste biomass such as
sewage sludge with nominal capacity of 500 kg/h into renewable liquid fuels and hydrogen. The Thermo-Catalytic
Reforming® (TCR®) is implemented in a new process integrated with hydrodeoxygenation (HDO) and pressure swing
adsorption (PSA) technologies to convert a wide range of residual biomass into three main products. Hz-rich synthesis
gas (approx. 100 Nm?3/h), biochar (approx. 250 kg/h), and a liquid bio-oil (approx. 50 L/h) that will be upgraded to green
fuels (approx. 35 L/h) such as green TCR®-Diesel capable of being used directly in automotive internal combustion
engines without modification, as they fulfil the EN 590 fuel standard.

Within this presentation, the results of the operational phase of the demonstration unit are shown. Until spring 2022,
the plant was in operation for more than 1000 h and more than 40.000 L of crude oil have been produced so far. The
main purpose of this unit is the long-term operation of a pre-commercial demonstrator. This is the final step of
development before the technology reaches full commercial scale.

THE PLANT AND THE PROCESS

The liquid bio-oil from the ToSynFuel plant is refined to drop-in transport fuels using the hydrogen from the produced
TCR® gas fraction. However, this hydrogen needs to be purified first. Hydrogen is separated from other species, like
CO, CO2 and CHa4 using the technology of project partner HyGear: Pressure Swing Adsorption (PSA). The separation
is based on variation of adsorption capacity of an adsorbent as a function of operating pressure. The cleaned hydrogen
is compressed and redirected to the hydrodeoxygenation reactors or can be used for other applications, like fuel cells.
The required purity of the hydrogen can be controlled by the PSA settings. The existing PSA technology has been
modified to meet the specification of the TCR® gas combined with recycled hydrogen out of the HDO part of the To-
Syn-Fuel plant. To-Syn-Fuel is designed to set the benchmark for future sustainable development within Europe, by
providing a valuable example of sustainable synthetic fuels and green hydrogen production to the rest of the world,
while successfully addressing energy, environmental, economic and social needs. By the end of the project the
TCR®/PSA/HDO technology will have been validated at TRL-7 (system prototype demonstration in operational
environment) and the business plan and environmental/social sustainability analysis for the technology will be
complete. The location of the demonstrator is in Bavaria, district of Amberg-Sulzbach near Fraunhofer UMSICHT
institute, in the south of Germany. The demonstration facility has been accommodated to include site buildings and
utilities.

CRUDE TCR®-OIL

The TCR®-demonstration-scale reactor is in operation. The plant includes a continuous operating reactor with a
throughput of approx. 500 kg per hour and has a feeding unit with a sluice system to ensure an oxygen free atmosphere
in the TCR®-system. The TCR®-500 demonstrator is a thermal heated two-stage reactor system with a downstream
product gas treatment including a condenser stage. After removing the liquid product from the condensation unit, a
separation of water and bio-oil takes place as the bio-oil is nonpolar. The bio-oil accumulates above the process water
with a clear phase boundary (Fehler! Verweisquelle konnte nicht gefunden werden.) allowing the bio-oil to be
extracted.

TCR®-oil generated from different feedstocks is comparable regarding the overall quality, no matter what feedstock
is used. Outstanding properties are low water, ash, and oxygen content, along with a high carbon content, resulting in
a high heating value (around 34.0 MJ kg™'). Furthermore, the properties of the TCR®-oil are stable at long-term storage
and due to its thermal stability atmospheric distillation is possible.

HYDROGENATION

To reach a unique bio-fuel quality meeting European standards like EN 228 and EN 590 for common gasoline and
diesel, the removal of heteroatoms like sulphur, nitrogen, and oxygen is necessary. The crude TCR®-oil is
hydrogenated in multi-stage reactors. The integrated HDO plant is designed for processing up to 35 kg/h TCR®-oil,
which produces about 20 I/h refined diesel and 3 I/h raw-naphtha. Further investigations show that the biofuels
produced by the hydrogenation of TCR®-oil comply with the European standards like EN228 and EN590 for common
gasoline and diesel. The analysis spectra of the GCxGC/MS analysis of fossil diesel and TCR®-diesel look nearly the
same.

To-Syn-Fuel project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement N° 745749.
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Sustainable aviation fuel from hydrothermal
liquefaction of sugarcane bagasse and straw: techno-
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Research and development on biofuels for long-haul applications are crucial for the reduction of
greenhouse gas emissions in the transportation sector. The Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA) has set a goal of carbon neutral growth from 2020 for the international civil
aviation, that will require an offset of about 2.5 billion tonnes of CO2 between 2021 and 2035. Hydrothermal
liquefaction (HTL) is a thermochemical process that converts a wide range of wet biomasses into bio-crude
oil, which can be upgraded into sustainable aviation fuel (SAF). The sugarcane industry in Brazil generates
a significant amount of bagasse and straw which could be partially used to produce HTL SAF, thus
representing an opportunity to increase the participation of renewable fuels in the Brazilian energy matrix
and to mitigate impacts from climate change.

This study presents an integrated assessment which evaluates the technical, environmental, and economic
performances of the conversion of sugarcane bagasse and straw through HTL into advanced biofuels.
Moreover, the integration of the HTL technology to the current sugarcane industry was also investigated,
using a methodology based on process modelling and simulation of both agricultural and industrial stages
involving biofuel production.

The results indicate that integration of the HTL with a sugarcane ethanol distillery has significantly increased
the internal rate of return compared with the stand-alone HTL configuration, and that the selection of the
liquefaction solvent is a very sensitive parameter to the economic feasibility of HTL. In this case, organic
solvents such as ethanol may not be feasible at industrial scale, while water has showed much higher
economic potential.

The minimum selling price of the HTL sustainable aviation fuels reached parity with fossil jet fuel at the best
integrated scenario, showing a very high market-competitiveness. On the other hand, stand-alone HTL
plant did not demonstrate economic feasibility. This indicates that the integration of first- and second-
generation technologies may be crucial to this conversion pathway, since thermochemical conversion
benefits from a technological maturity of current sugarcane industry, thus leveraging the second-generation
plant by diluting costs and providing a low-cost feedstock.

Despite of that, the assessed scenarios have showed environmental sustainability. The life cycle emissions
(cradle-to-grave) of HTL aviation fuel reached a substantive reduction when compared to fossil jet fuel, up
to 82%.
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For more than 15 years, the quality management programme klimaaktiv QM Heizwerke has
accompanied funded biomass district heating systems in Austria. QM Heizwerke was introduced
because at that time many existing plants in Austria were in a sustainability crisis. The QM Heizwerke
quality requirements and guidelines demonstrably increased plant and resource efficiency and thus
ensured technical, economic and ecological sustainability. The current strong increase in demand for
regional and price-stable heat supply is again leading to a boom in biomass district heating. On the one
hand, this accelerates the renewable heat transition, but on the other hand, it requires compliance with
the quality criteria defined by QM Heizwerke more than ever, in order to avoid repeating old mistakes
and to secure plant expansions economically and ecologically in the long term.

An essential strategy is to have experienced and trained quality managers (QBs) accompany a biomass
district heating project from the start of planning to operation and optimisation of the plants. The basic
principles and the process flow of the QM system are laid down in a series of publications of the
international working group QM for Biomass DH Plants (QM Holzheizwerke® - ARGE QMH). In Austria,
the projects and the implementation of the QM system are recorded and handled in the QM database,
to which all project participants have access as part of the funding process. In addition, operating reports
of the plants are collected over several years. This treasure trove of data enables anonymous
evaluations that provide important information on the current status of biomass district heating in Austria,
as well as inputs for the further development of the QM system.

QM Heizwerke also works on the dissemination of information as well as measures and tools to support
the district heating sector and the heat transition. In addition to possibilities for spatial energy planning
as a basis for the sustainable expansion and densification of district heating, the use of alternative heat
sources and the future role of biomass, for example in industry, will also be highlighted. For example,
work is currently underway on a measure for GIS recording of existing biomass district heating networks
to support spatial energy planning. As part of the consulting offered by QM Heizwerke, older plants are
evaluated free of charge and advised on their way into the future. Work is also being done to disseminate
the successful QM Heizwerke model internationally.

Current evaluations of the QM database show steady, measurable successes. The average network
losses of biomass district heating networks are decreasing, while at the same time connection densities
are increasing and planning reliability is improving.

The QM Planning Handbook was completely revised in cooperation with ARGE QMH, expanded with
regard to the integration of alternative renewable heat sources and is now available free of charge. In
Italy in particular, great successes were achieved in terms of internationalisation. In the Friuli Venezia
Giulia region, there is a new full member of the international ARGE QMH since 2021 and also the first
active ltalian QBs were trained by QM Heizwerke.

The consistent implementation of the quality standards defined by QM Heizwerke is necessary to ensure
the long-term success and efficiency of Austrian biomass district heating systems in the future and to
make the best possible use of the existing biomass potential.
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Biomass is one of the most important renewable energy sources and according to current energy
strategies, its utilisation for heat and electricity production, renewable fuels and material use will be
further increasing. To meet these expectations, the available biomass resources must be used with the
highest possible efficiency. By combining absorption heat pumps (AHP) with flue gas condensation units
for biomass CHP plants, the overall efficiency is significantly increased and up to 40% more energy
output is achieved from the same amount of fuel.

Heat recovery with economiser (sensible heat) and flue gas condensation (sensible heat + latent heat of
wet flue gas) are installed downstream of biomass boilers to increase the overall plant efficiency. Heat
recovery by means of passive flue gas condensation is limited by the return temperature of the heat sink
(e.g. heat network). Thus, the heat recovery rate is max. 10-15%. Integrating an AHP leads to an active
flue gas condensation system operated at significantly lower temperatures which leads to lower flue gas
temperatures and heat recovery rates >30%.

Like conventional heat pumps, AHPs can raise heat from a lower to a higher temperature level. But they
are driven by high-temperature heat (typically up to 150°C) and an absorption/desorption cycle using
water as refrigerant and a LiBr-water solution as solvent. Hence, instead of expensive electric power the
heat produced by the biomass boiler can be used as driving energy to recover otherwise unused low-
temperature heat from the flue gas by lifting its temperature. While doing this, the driving heat is not lost,
but can still be used together with the recovered heat, for example in a district heating network. This
significantly increases the heat output and the overall plant efficiency without additional fuel demand.

Several high-efficiency plants with absorption heat pumps and active flue gas condensation have already
been implemented. Operating data of the plants show that flue gas temperatures in the range of 20°C and
heat recovery rates up to >40% are achieved. The plants are characterised by very low maintenance
costs, very low consumption of operating resource and a long service life.

StepsAhead has developed and implemented a wide variety of technical concepts for single and multiple
boiler plants as well as biomass CHP plants. Special attention was paid to individual design, optimal plant
integration adapted to the respective conditions and a special control concept for the AHP to maximise
the yield in different load conditions. StepsAhead has developed a new system concept in which driving
heat of 105°C is sufficient. This can be provided by conventional biomass boilers. Hence, no upgrade or
reinvestment costs for high temperature boilers are required and it reduces operation costs since less
strict legal requirements apply. This development was made possible by detailed analysis of the internal
processes of the AHP and the creation and validation of a detailed physical model of the absorption and
desorption process as basis for carrying out comprehensive simulations of the entire plant. This
innovative concept allows an easier integration of AHPs into biomass heating plants and is especially
interesting for existing or smaller plants. The disadvantage is a lower yield, which is compensated by
lower costs for boiler, integration and operation.

High-efficiency biomass CHP plants with AHPs and active flue gas condensation represent the state of
the art in technology and efficiency. The systems are proven under real operating conditions and are
increasingly implemented in biomass heating plants from approx. 3 MW up to large-scale power plants.
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The energetic use of biomass for heat generation in private households is currently subject to strong
criticism from the media, environmental organizations and politicians. As a result, society's acceptance
of heating with biomass is increasingly declining. In addition to the discussion about particulate
emissions from small-scale biomass furnaces (especially single-room heater, SRH), the climate
neutrality of wood as a fuel and the sustainability of forest management are increasingly being called
into question. In this context, the so-called "black carbon" (BC = elemental carbon contained in total
dust) is often mentioned, which, according to current studies, could possibly have a very high
greenhouse gas potential. To provide a fact-based basis for discussion in this increasingly intense
debate, the TFZ used its own funds to conduct a study on the climate impact of small-scale biomass
combustion systems and to make a comparison with fossil and other renewable heating systems.

For the study, real emission measurement data from the TFZ were used from a total of 6 log SRHs, one
pellet SRH, one pellet boiler and one wood chip boiler. The measurements on the log-SRHs were
performed according to a realistic test cycle ("beReal"), which also considers critical phases such as the
start-up of the cold furnace. For the pellet SRH, measurement data with a total of 28, at the pellet boiler
8 ENplus certified wood pellet assortments and for the wood chip boiler forest residues, energy
roundwood and wood chips from SRC were considered. For the greenhouse gas balance, only direct
emissions of the components CH4, N20O, VOC and BC were considered. Emissions of BC were
determined directly at the TFZ for most of the investigated furnaces. Regarding CO:2 release from
biomass combustion, a closed carbon cycle was assumed. GWP 100 values from the IPCC Report 2013
WG1ARS5 were used to calculate CO2 equivalents. In addition, upstream chain emissions generated
during wood harvesting and fuel preparation were determined using in-house and external sources. For
the log SRH, scenarios of faulty stove operation were also considered, and an estimate of climate-
related improvements from the use of an electrostatic precipitator (ESP) was also considered. The 2020
emissions balance of renewable energy sources from the German Federal Environment Agency served
as the source for the comparison with other heating systems as well as the respective upstream chain
emissions of the fuels.

The results show significant differences in upstream chain emissions for logs (1.046 - 9.442 g/kWh) and
pellets (10.215 - 31.680 g/kWh), depending on the database used. For wood chips from forest residues
(15.684 - 16.560 g/kWh), the values are close to each other. The main reason for the deviations are the
assumed boundary conditions. In general, it can be deduced from the results that heating with wood (as
of today) has low GHG emissions compared to other heating systems (e.g. heat pump with current
electricity mix), even taking into account the "Black Carbon"(BC) emission. For the single room heaters,
it shows that BC can take a significant share (up to 80%) of the climate changing emissions. However,
the uncertainty of the current GWP 100 is very high (CO: factor 100 to 1700). ESPs or primary-side
optimization of new furnaces can significantly reduce or even almost eliminate dust and BC emissions.
This serves both climate and health protection. Operator errors in log SRHs significantly increase GHG
emissions. These can be significantly reduced by automatic combustion air devices. BC emissions from
pellet SRH are highly fuel dependent, even if all fuels comply with ENplus-A1 requirements. Modern
central heating boilers fueled with pellets or wood chips have almost no BC emissions anymore and
thus perform best in the GHG balance considering the current electricity mix.
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e Initial situation / motivation
The district of Murtal with its 20 municipalities consists of a classical industrial region that has
mastered the change to high-tech companies well, with a rural surrounding area rich in energy
resources. The renewable energy supply is high with biomass, hydropower, wind and solar energy.
The energy demand of industry is equally above average. This posed special challenges for an energy
turnaround.

e Content and objectives
In the context of the exploratory project MURREAL, development paths, synergies and business
models for the implementation of a real laboratory were worked out, which consistently accelerate the
path towards 100% renewable energy and climate neutrality by 2040.
Innovations were created by combining different methods and instruments. An integrative energy
system was designed taking into account the available renewable energy potentials and waste heat. A
simulation was performed using load profiles from the different consumers (buildings, processes and
mobility) and different renewable sources (biomass/biogas, solar, wind and hydro). Different scenarios
were evaluated according to different aspects such as energy economics, greenhouse gas emissions,
regional value creation and security of supply.

e Results
The direct substitution of fossil fuels by renewable energies alone does not bring security of supply, or
high excess capacities would have to be built due to weather dependency, and this would be complex
and expensive. Therefore, special attention was paid to an efficient interaction of different
technologies in the areas of heat, electricity and fuels - also called sector coupling. Energy supplies
from wind and solar are weather-dependent and fluctuating, and consumers also generate peak loads
at different times. Biomass as an energy source and energy consumer in virtually all sectors (e.g.
electric heating, air conditioning, e-cars, ...) can be time-shifted to increase security of supply.
Possibilities for load control and flexibilization in the sectors of e-mobility, businesses, housing, as well
as energy production from biomasses were presented and discussed.
The wood value chain is particularly pronounced in the Murtal, ranging from raw materials to sawmills,
pulp and paper, and innovative products. In the HIZ Holzinnovationszentrum (Wood Innovation
Center) in Zeltweg, partners are working on further expansion in the direction of bioeconomy and
circular economy. Through cascading utilization - material before energy - a particularly high resource
efficiency can be achieved. A unique feature is the use of waste heat from Zellstoff Pols AG, which is
piped to Knittelfeld via a district heating system in the Aichfeld conurbation, starting in P6ls and
passing through Judenburg, Fohnsdorf, Zeltweg and Spielberg. In Zeltweg, a biomass heating plant
supplies additional heat to the network, which also has a large heat storage system. The connection of
further companies and waste heat potentials were analyzed and evaluated, as well as a sector
coupling with a biomass gasification with BTL / BTG. An operation of BTL / BTG as well as CHP plants
limited to the heating period allows a considerable increase of waste heat utilization and saves
biomass at the same time.

This project is funded by the Federal Ministry for Climate Protection, Environment, Energy, Mobility,

Innovation and Technology via the FFG Research Promotion Agency in the program "City of the
Future, 8, call for proposals. FFG-Nr. 889469
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Since 2000, the European Research Area (ERA) is the ambition to create a single, borderless market
for research, innovation and technology across the EU. For the energy sector, the European Strategic
Energy Technology Plan (SET Plan) supports the coordination of European and national clean energy
research since 2007, bringing solutions from the lab to the market. Already since 2004 ERA-NETSs have
been the key instrument to practically improve cooperation and coordination of national and regional
R&D support programmes in order to decrease the fragmentation of the European R&D landscape and
thus to create a true, open ERA. Under Horizon Europe, European Partnerships are the new
coordination instrument; the Clean Energy Transition Partnership (CETPartnership) launched in May
2022 has the focus on the whole energy sector.

ERA-NET Bioenergy started in October 2004 as an EU-funded project under the 6th Framework
Programme with founding members from Austria, Finland, Germany, The Netherlands, Sweden and
United Kingdom, aiming to enhance European research cooperation and coordination in this field by
way of networking of the relevant R&D programmes of national governments. Since January 2011, ERA-
NET Bioenergy is a self-sustained network with a clear focus on joint calls for R&D proposals with
funding based on national programmes. This way, the network fills a specific gap in R&D funding: its
Joint Calls cover topics in which transnational cooperation is essential or bring significant added value,
but which are not addressed by the European Research&Innovation Framework Programmes (FP).
Consortia are supported which contribute to innovation, knowledge transfer and mobilisation of
researchers, but which would have been too small for the FP, or lacked the resources to apply.

So far, the ERA-NET Bioenergy network has launched 14 Joint Calls for proposals, usually one per
year, funding over 60 transnational projects. Joint Calls with other ERA-NETs (WoodWisdom in 2010,
BESTF3in 2017, 2018, and 2019) allowed widening the thematic perspective and enlarging the network
of funders and researchers/applicants. The latest calls focused on Bioeconomy. By way of these calls,
ERA-NET Bioenergy strengthens national bioenergy research programmes by enhancing co-operation
and co-ordination between the ministries/agencies. Through collaboration, the individual national
programmes produce higher-quality results, while through coordination; they complement each other,
avoiding duplication. From industrial and academic side, the value of the cooperation has been
acknowledged and is seen as a vital additional tool for European cooperation on a medium-scale level.
The cooperation has resulted in quality improvements and cost reductions of research by bringing
together especially SMEs and research institutes from different countries.

ERA-NET Bioenergy is a stable initiative, providing a great opportunity to funding of consortia from the
current partner countries: Austria, Switzerland, Germany, and Poland. Due to strong links to Sweden,
the Netherlands, UK and Finland, more international calls are possible as well. Partners of the ERA-
NET Bioenergy are involved in other European/international-level activities such as the IEA Bioenergy
Technology Collaboration Programme, and at the same time, they are responsible for national
programmes and/or policy making/decision support. Such bridges between European and national level
are increasingly important in the area of bioenergy, as technologies move towards demonstration or
early commercial stage, and projects reach scales that require joint efforts of the EU and Member States.
ERA-NET Bioenergy welcomes interest from funding agencies from other countries to participate in the
network as well!

The presentation will highlight key achievements of the network and give an overview of the results so
far.

The authors are indebted to all current and past partners of ERA-NET Bioenergy for their active
involvement and support, which are the reason why the project could become a success.
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This project proposes a complete assessment of a sustainable bio-refinery process based on the gasification of so-
called opportunity fuels (mostly biogenic fuels with low or negative fuel prices) into heat for industrial processes. This
can either be achieved by direct combustion of the product gas in gas burners (e.g. rotary kilns) or by upgrading it into
bioSNG (synthetic natural gas) for injection into the gas grid for subsequent industrial use. Through the utilization of
dual fluidized bed (DFB) steam gasification as conversion technology, a product gas of medium calorific value can be
generated. Sector-coupling with renewable electricity generation (e.g. wind power) and subsequent Hz2 production via
electrolysis will embed the process into a more holistic sustainable energy system by also being able to produce bioSNG.

In addition, through the upcycling of nutrient-rich ash residues from biogenic residues, an industrial intermediate
feedstock for further recovery of valuables such as phosphorus and other nutrients can be gained, which leads to a
circular economy for the nutrient cycle. The assessment of this complete process chain will be performed both
experimentally and furthermore through a systemic techno-economic evaluation.

Opportunity fuels are unconventional fuels usually derived from a residue or by-product and are often of biogenic
origin. Using biogenic residues or fuel blends of them as feedstock for heat production for industry is an important step
towards a climate neutral industry. On the one hand, the utilization of biogenic residues enables additional feedstock
potentials for the use in biorefineries. Biogenic residues are positioned at the end of the cascadic use of biomass and
therefore of high relevance to thermal conversion processes. On the other hand, the use of biogenic residues is expected
to improve the business case for such a process chain due to the comparably low or even negative fuel prices.

Dual Fluidized Bed steam gasification

The thermochemical conversion of biogenic opportunity fuels (including residues) is a promising option to enable the
eco-friendly and efficient production of heat (either directly or via bioSNG) and to recover nutrients from the ash. The
development of the technology also benefits other biorefinery routes, such as the production of biofuels and chemicals.
Thus, the product range gained from the utilization of opportunity fuels increases significantly compared to conventional
combustion. DFB steam gasification of woody biomass is a technologically-proven process to produce nitrogen-lean
product gas with a heating value of around 12-14 MJ/Nm?3.

This technology was first demonstrated in industrial-scale in the 2000s based on woody-biomass as fuel and electricity
as main product. Today’'s shift towards cascadic use of biomass and the necessary development of bio-based
economies leads to a second generation of the technology: waste conversion and upgrading of the product gas into
valuable products become the main topics of interest. Since opportunity fuels have never been used as fuel in
commercial DFB steam gasification, the development needs to be done from pilot- and demo-scale, which is proposed
in this project, before engaging in further upscale to commercial scale. When using opportunity fuels with higher contents
of fuel ash, attention also has to be given to the influence of the ash on the gasification reactions. Therefore, special
focus is given to the evaluation of bed material surface composition (which changes due to interactions with fuel ash)
and its influence on catalytic activity. Additionally, the accruing ash will also be evaluated as an additional product. Due
to the high content of valuable nutrients in many opportunity fuels, the will be investigated towards its suitability as
fertilizer.To further develop the gasification technology a variety of on-line measurements will also be developed
throughout the course of this project. The newly developed fibre optics measurements will allow for a more detailed
monitoring of gasification operation (e.g. water content, gaseous carbon containing compounds, etc.) which will allow a
further optimization of gasification operation.

Bio-refinery for heat production and recovery of nutrients

Due to the versatility of the technology, biorefinery concepts based on DFB steam gasification are a sustainable way of
flexibly adapting to changing markets and political circumstances. In this project, three main objectives will be
investigated:

e Heat production: The product gas gained from DFB steam gasification can be used for direct combustion in gas burners
or upgraded through methanation into valuable bioSNG. Direct injection into the gas grid allows for heat production in
industrial processes from bioSNG used as intermediate energy carrier.

e Circular economy: Besides the product gas, also the solid ash residue, which in the case of opportunity fuels is rich in a
variety of valuable nutrients (e.g. phosphorus), can lead to an additional product — an industrial intermediate feedstock for
the recovery of nutrients leading to a circular economy.

e Sector coupling: Embedding the process chain into a more holistic sustainable energy system increases the output
efficiency through inclusion of external hydrogen (from e.g. wind power and subsequent electrolysis). An overall economic
and ecologic assessment and process simulation of the full process chain will be included for further upscaling of the
concept.
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Themenbereich: Biomasse und reststoffbasierte Bioraffinerien

The operational work of the ERA-NET Bioenergy project VARESI started in 2" half of 2022. The aim of the
project is to valorize organic industrial residues to produce energy and value-added products by a zero-
waste process. Products are biogas as energy carrier, hydrochar (from hydrothermal carbonization, HTC)
for CO2 sequestration or soil enhancement and recovered process water. The studied industrial sectors are
the pharmaceutical industry, paper industry and selected food industries such as dairies, beverage industry,
sugar production and slaughterhouses. The organic residues of these industries have high potentials in
terms of both — materials and energy. The energetic utilization of industrial residues through anaerobic
fermentation is state of the art and established on the market, but barely implemented in mentioned
industries. There are 6 objectives of the VARESI project:

1. Valorisation of organic residues from industry to production of biogas, hydrochar and process water
Energy production from organic residues onsite the production plant to avoid transportation
Zero waste concept for industrial processes that includes a water treatment and recovery system
Optimal integration of energy in the industrial process to optimize the heat flows

CO2 neutral production processes by replacing fossil fuels and reduction of energy demand

o ok w N

Process evaluation: Socio-technical benchmarking of the process with state-of the art concepts

First the anaerobic digestion step, then the treatment of the digestate with a membrane implemented HTC
and finally another anaerobic treatment of the liquid product stream of the HTC will be investigated. The
HTC is a procedure where hydrocarbons are produced under elevated pressure and temperature from
many different organic material streams, especially those with high water content (e.g. digestate, sewage
sludge). Dehydrogenation and carboxylation processes produce high-quality hydrochar which can be used
e.g. as soil additives/fertilisers. However, the liquid fraction after HTC represents a non-negligible by-
product of the process and represents a major obstacle for successful industrial application of the HTC
process. This liquid fraction contains up to 15% of the initial organic load containing long and short chain
fatty acids, significant amounts of inorganic nitrogen, phenolic and further aromatic compounds, which
partly originate from the raw materials or from breakdown and condensation and aromatization reactions
during HTC treatment. Within the project the components of this process water will be analyzed and the
degradation using different anaerobic digestion systems (batch, fluidized bed reactor, trickle bed reactor)

will be investigated. First results are expected in the coming monts.
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The scope of the UP-Whey project includes the development and assessment of new technologies for
valorising dairy wastes, in particular sour and sweet lactose whey for the sustainable production of
chemicals such as (i) lactic acid (LA) and (ii) isopropanol. The focus of the lactic acid process is not on
the fermentation, but on the development of an integrated lactic acid downstream process suitable for
complex solutions using a membrane-supported liquid-liquid extraction approach. The fermentation
process for producing isopropanol is designed to be robust to directly valorise typical dairy waste side
streams to avoid further pre-treatments. Works also include downstream processing to separate
isopropanol at high concentration and quality. Developed processes are used to define scenarios for
system integration into a whey biorefining. Technology scenarios will be assessed from a technical,
economic (prefeasibility) and environmental (LCA) perspective. The assessment also includes the
production of biogas (power & heat) from whey as a reference scenario, results of UP-Whey will hence
give a clear status on product and energy scenarios for utilising dairy wastes. Presentation provides a
status of work and interim results of process developments with a clear focus on lactic acid and
isopropanol.

The investigation of a membrane supported liquid-liquid extraction for LA involved a solvent screening,
the calculation of mass transfer based on a rigorous model, the evaluation of the main operating
conditions (flow rate, membrane area, flow direction and temperature), and the implementation of a
subsequent back-extraction step [1&2]. Commercial PTFE capillary membranes were used due to its
chemical stability and ease of cleaning [2]. A solvent phase consisting of tri-octyl-amine (TOA, 20
wt.%) and 1-decanol was used as base case and resulted in a high extraction efficiency. Green
solvents, including deep eutectic solvents boosted the extraction efficiency by a factor of up to 10%
[2]. In all cases LA was successfully removed from any feedstock, including a technical fermentation
broth, without any crud formation. After back-extraction an aqueous LA-solution with a concentration of
8-10% LA was achieved. The obtained overall mass transfer coefficients were in the range of 1.5 -
2.5-107 m/s and thus are in good agreement with typical values of membrane-supported extraction
processes [3&4]. Further work will focus on optimizing the operating conditions of LA extraction with
the PTFE membrane contactor, based on a sensitivity analysis combining modelling and experimental
work. Further work will deal with the transfer of deep eutectic solvents to the membrane reactor and
also the pre-treatment of sour whey.

Isopropanol fermentation process development included a screening phase to identify the “best
producer” among several Escherichia coli ¥ strains engineered for isopropanol production. After
confirming its suitability for whey utilization, we assessed the strain performance in different
bioprocess scenarios. Initial screenings in batch mode cultivations revealed the capability for the
concomitant uptake of lactose, galactose and lactate contained in sour and sweet whey. Additionally,
fed-batch and continuous approaches will be investigated and will allow the identification of key
performance parameters. The subsequent determination of the optimal process mode will be done
with regard to minimal feed pre-treatment, high productivity and low CO2-yield. To allow for efficient
downstream processing and to avoid accumulation of isopropanol up to inhibitory concentrations,
possibilities of in situ product removal will need to be implemented. Eventually, the final process will be
subject to economic and environmental evaluation.

Results on TEE -technical, economic and environmental assessment of whey biorefinery scenarios
are expected to be available by July 2024.

[1] Chemical Engineering Science: X 13 (2022) 100119

[2] Separation and Purification Technology 241 (2020) 116694

[3] The Canadian Journal of Chemical Engineering, Volume 77, October, 1999

[4] Mass Transfer in Multiphase Systems and its Applications, IntechOpen, London. 10.5772/15276.
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The PUMA project will increase the profitability of 2G-LCF biorefineries by enlarging the product
portfolio in addition to main product bioethanol. PUMA will establish an innovative platform for
identification and upgrading of lignin fractions by utilizing aromatic side streams in the most efficient
and economical way. A major focus will be on catalytic conversion of so far untapped low molecular
weight fractions. Mild/catalytic methods will be used for depolymerisation and refining in order to
produce synthons for resins/polymers, composites, activated carbons/carbon foam and high-price bulk
phenolics of broad and high industrial relevance and scale. For this, the PUMA consortium combines
the essential expertise from biorefining, process design, industrial biotechnology and piloting in order
to valorize an unused CO2-neutral source for energy carriers and value-added bio-based aromatics
and products.
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Despite the use of renewable resources, log wood stoves often offer potential for discussion
as to whether their use is still justified in terms of air pollution control and effectiveness. A
major factor in real emissions is the operator of the stove. Due to wrong user operation, for
example an incorrect decision regarding the installed heating capacity or the use of
unsuitable fuel, emissions can be many times higher than the actual state of the art.

The reduction of these user-related emissions is being addressed by a project funded by the
German Federal Environment Agency, in which the realization of voluntary training courses
for stove owners is being prepared. The project started in November 2021 and will run until
May 2023. Currently, both a concept for a municipal implementation and training materials
are being prepared, which should enable the implementation of a three times two-hour
training including an illustrative stove firing.

The concept includes instructions on various aspects of training implementation. In addition
to the training procedure and the topics covered by the training material, the concept also
specifies the resources required, ranging from the premises to demonstration materials.
Potential contact persons with contact data are named for mandatory actors, e. g. instructors,
as well as other partners, e. g. for the promotion of the offer. In addition, the concept provides
options for local advertising as well as an initial cost estimate for both the initial
implementation and ongoing costs for the establishment of a regular offer. In order to promote
the actual implementation in the follow-up of the project, a regular exchange with relevant
actors already takes place during the project in the context of discussions and workshops.

In terms of content, participants in the training courses will be provided with background
knowledge to understand the current discussion on small combustion plants in relation to
climate and environmental protection, as well as basic knowledge on the combustion process
and legal information. The focus of the training materials is on advice on selecting a suitable
stove, and the design and operation of a stove are explained. Essential here are the compiled
recommendations for low-emission operation. At best, the firing can be carried out practically
later during the training courses. Furthermore, background information such as legal
requirements or aspects of air pollution control and environmental protection are addressed.
In the context of the development of the training documents, presentation slides and
background information for the later instructors will be created as well as information material
for the later participants. In addition, a flyer to promote the training as well as a quiz and
feedback questionnaires will be provided.

In November 2022, an evaluation of the created training material took place with six test
persons, whereby the training success was evaluated by means of emission measurements
during the operation of a stove before and after the training participation. For this purpose,
feedback is obtained from the participants in order to identify options for improvement, which
are still to be included in the documentation. After review of all documents by the client
Federal Environment Agency, all documents are expected to be publicly accessible (open
source) by the end of 2023.
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Wood was and still is an important renewable raw material of native forests with versatile benefits. In
terms of cascading use, multiple material use is preferable to energetic conversion. Wood as raw
material is gaining in popularity in recent years, and with it the amount of resulting wood waste at the
end of serviceability. This, as well as other municipal woody residues, represent a great potential for
energy use and is preferable to landfilling. Current wood gas power plants primarily provide renewable
energy in the form of heat and electricity using wood chips. Research on the use of waste wood at the
cascade end in thermochemical gasification is scarce in the literature.

Thermochemical gasification of wood or woody feedstocks produces a gasification char as a byproduct,
which is primarily carbon with a low ash content. The gasification by means of the staged floating fixed
bed technology of the company Syncraft GmbH produces char from forest residues, which already
reaches the quality of the European Biochar Certificate. In order to add further value to this by-product,
the research centre "Josef Ressel Center for the Production of Activated Carbon from Municipal
Residues" was founded. The main objective of the research centre is the utilization of municipal wood
residues such as waste wood, tree cuttings, etc. (A | — A Ill) for the generation of electricity, heat and
activated carbon.

The analysis of the potential and the properties of the new resource show significant differences
between waste wood and wood chips from forest residues, the current standard material of Syncraft
plants. This is due to different reduction methods. While wood chips are chipped, waste wood requires
the use of shredders due to the high percentage of the impurities. Here, the needle-like shape of the
waste wood particles is most problematic and requires adaptation of the process conditions and
conveying technology. In addition, waste wood usually has a lower bulk density and a multimodal particle
size distribution with a high proportion of fines. The chemical composition and physical properties also
vary over a wide range due to aging effects and various pre-treatments, depending on the original use
of the wood.

Experiments on autothermal pyrolysis by NuRbaumer and Gurtner show a lower mechanical stability as
well as a smaller particle size of the resulting waste wood pyrolysis char. In turn, this leads to
destabilization of the floating bed when it is integrated into the gasification reactor. Besides the
gasification itself, the conveying technology is another limitation, since the needle-patterned structure is
prone to bridging and clogging. This shows the importance of characterizing different waste wood
fractions in terms of their suitability for the process. These investigations are focused on the wood
processing achieving suitable particle size distributions.

Geometrical modifications of the gasification reactor and an adjustment of the process control become
necessary. These modifications show a stable operation of the gasifier with waste wood achieving a
constant gas quality. Further adaptations are aimed at a maximization of the calorific value of the
resulting product gas, as well as the maximization of the fuel conversion and thus the product gas
quantity.

Acknowledgement: The financial support by the Austrian Federal Ministry for Digital and Economic
Affairs and the National Foundation for Research, Technology and Development, the Christian Doppler
Research Association as well as the participating companies is gratefully acknowledged.
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Introduction and motivation

A key objective for the operation of biomass boilers is to achieve the highest possible efficiency while
emitting the lowest possible pollutant emissions. In order to automate this task, CO-lambda optimization
methods have been proposed in literature that ensure that the biomass boiler is operated at the lowest
excess air ratio at which no relevant pollutant emissions occur, maximizing efficiency as a result. Since
this optimal excess air ratio depends on various external factors, such as fuel properties, CO-lambda
optimization methods continuously incorporate new measurements of the excess air ratio and the
carbon monoxide content of the flue gas and estimate a new optimal excess air ratio during operation.

While achieving promising results in lab-scale tests, none of the CO-lambda optimization methods
presented in literature has yet been able to gain practical acceptance. Either they are not robust enough
and provide inaccurate estimates of the optimal excess air ratio or they are too slow and do not allow
the optimal excess air ratio to be tracked sufficiently quickly. With the goal of providing a method that is
fit for practical application, this publication presents a new modular approach for CO-lambda
optimization that determines the optimal excess air ratio robustly and quickly, i.e. in real time.

Method

The new approach for CO-lambda optimization approximates the correlation between the excess air
ratio and the carbon monoxide content of the flue gas, the CO-lambda characteristic, with a continuous,
algebraic, non-linear model function. For this purpose, it uses a recursive-least-squares algorithm to
continuously identify the model function’s parameters that lead to the optimal fit with the measured data,
which are the excess air ratio and carbon monoxide content of the flue gas. From these model
parameters, the optimal excess air ratio is calculated and defined as a desired value for the biomass
boiler’s existing controller. This existing controller then ensures, that the biomass boiler is operated with
this desired optimal excess air ratio, thus, maximizing efficiency and decreasing pollutant emissions. As
a result, this new approach for CO-lambda optimization is entirely modular and can be applied to any
biomass boiler with an existing control strategy capable of accurately adjusting the excess air ratio. For
the measurement of the carbon monoxide content of the flue gas, a separate sensor has to be used.
For this study the commercially available and proven in-situ exhaust gas sensor “KS1D” provided by the
company LAMTEC has been used.

Long-term verification

The new approach for CO-lambda optimization was tested and validated at a biomass boiler with a
nominal capacity of 2.5 MW that supplies a local heating network and combusts wood chips with a water
content ranging from 30 w.t.% to 50 w.t.%. The long-term validation took place over an entire heating
period, i.e. 5 months from November to March, during which the biomass boiler was operated alternately
with the new approach for CO-lambda optimization and the standard control strategy, which means a
constant desired residual oxygen content. In total the new approach for CO-lambda optimization was
active for 1155 operating hours while the standard control strategy was active for 1310 operating hours.
Compared to the standard control strategy, the new approach for CO-lambda optimization increased
the biomass boiler’s efficiency by 3.8%, decreased total dust emissions by 19.5% and reduced carbon
monoxide emissions on average (median) by 200 mg/m3. This demonstrates that the new approach for
CO-lambda optimization is not only robust enough to run over a long period of time, it also leads to
significant improvements in the biomass boiler’s operation. In addition, following these results, this new
approach for CO-lambda optimization has also successfully been implemented and demonstrated at
another biomass boiler with a nominal capacity of 1 MW where it has already been active for several
months. This contribution presents the new approach to CO-lambda optimization in detail and discusses
its technological and economic impact.
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Heat generation based on conventional fossil fuels is considered to be the cause of a significant pro-
portion of greenhouse gas emissions. Achieving the climate protection goals therefore requires a
change to renewable energy sources such as biomass. Establishing renewable district heating sys-
tems is an important element of this transformation. These systems generate heat in a centralized lo-
cation and distribute it through a network of insulated pipes for residential and commercial heating re-
quirements such as space heating and water heating. In contrast to usual district heating, the trans-
mission takes place via smaller, rural heating networks over relatively short distances. Another differ-
ence to usual district heating plants is that renewable district heating systems mostly obtain their fuel
from suppliers in their own region.

Beside the need to achieve ambitious energy and climate policy goals there are various other reasons
that justify a further expansion of biomass-based heating systems, such as security of supply, environ-
mental compatibility, cost efficiency, social compatibility and competitiveness. Furthermore, the con-
struction and the operation of biomass heating plants may create value added and jobs in the region,
guarantee the income for farmers and foresters, strengthen rural areas as a space for working and liv-
ing and enhance the formation of new enterprises.

Building on such systems is supported by public funding in many European countries. In order to en-
sure the success of these subsidies and economical use of the funds, an accompanying quality control
is required in the planning, construction and operation of such systems. This results in a significant im-
provement in the technical quality and efficiency of the systems. A well-functioning and comprehensive
benchmarking is essential for effective quality control.

This study expands the previously used benchmarking based on simple key figures by a new type of
multi-variate approach based on efficiency estimates using Data Envelopment Analysis (DEA). The
performance indicator calculated in this way takes into account all essential factors of production in
renewable district heating systems simultaneously and estimates the cost-saving potentials of each
individual plant examined. By decomposing cost efficiency into a technical and an allocative compo-
nent, the causes of inefficiency are revealed. A subsequent regression analysis examines how plant-
specific technical structural features and the regional environmental conditions of the respective plants
influence their performance. Finally, the results of the regression analysis are used to work out the
managerial inefficiency purged of the influence of structural peculiarities and operating environment. It
is that part of the overall inefficiency that is due to the decisions of the operator and can therefore be
reduced by changing the behaviour of the operator.

The novelty of this study is, firstly, that it only evaluates the performance of renewable district heating
systems and does not compare heating plants of different fuel types. Strictly speaking, this satisfies
the assumption of technological homogeneity of the examined objects in the DEA. Against the back-
ground of the current decarbonization efforts and the increasing use of renewable energy sources, this
approach is more appropriate than comparing plants with each other that employ heterogeneous tech-
nologies as they use different fuels. Such comparisons, though also based on DEA, cannot indicate
the potential for improvement at the plant level, because the structurally less productive technologies
can never be as productive as the more productive ones. A second novelty is that only small-scale re-
gionally or locally operating renewable district heating systems are examined, while previous studies
investigate mostly large-scale district heating systems. The third innovation is the decomposition of
cost efficiency into the components for technical and allocative efficiency of heating plants.

The applicability of the approach developed here is shown empirically using a sample of biomass dis-
trict heating plants from Austria.
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Fixed bed downdraft gasification technology is considered as one of the most efficient solutions for biomass
thermochemical conversion in the field of micro and small-scale energy cogeneration. In fact, producer gas
obtained through fixed bed downdraft reactors is usually characterized by low concentration of contaminants.
The consequence is that it is possible to convert biomass into a producer gas through a relatively simple
solution.

Despite the good gas quality that may be obtained thanks to this technology, a relevant work is still ongoing
into the industrial and academic world to define reliable solutions that could guarantee a good control of the
process and, consequently, a stable gas composition.

Yanmar R&D Europe, the European Research Center of Yanmar Company Ltd, a Japanese leading player
as engine and machine manufacturer, has developed and installed a fixed bed — fuel flexible — micro
gasification system designed for the valorization of different feedstock such as agricultural densified residues
and woodchips. The pilot plant, installed in ltaly in 2020, has been run for more than 1000h and it is designed
to simultaneously generate 20 kWel and 40 kWth thanks to a cogeneration package made up of a customized
Yanmar 4TNV98 unit. The original diesel based Yanmar engine has been modified to manage producer gas
generated by the micro gasification system. Main modifications consisted of:

- Diesel injection system replacement with OTTO cycle ignition system

- Construction and installation of a specific and customized spark-holder (original)

- Compression ratio modification (to both prevent detonation and increase combustion chamber
volume)

- Lubricating oil circuit modification to increase oil filtering capacity/capability

The goal of this work is to compare system performance (IMEP — Indicated Mean Effective Pressure, output
power, biomass consumption), replacing the original spark-holder with a newly re-designed one. The
gasification system is kept in the same steady state running conditions (control parameters, operating
temperatures and pressure, biomass used) so the intrinsic variation of gas composition will not affect the
system performance.

The experimental campaign is based on monitoring and recording both main gasifier system parameter and
engine IMEP, via a dedicated DAq system, in three different engine set-ups:

- original spark-holder (four cylinders);

- re-designed spark-holder (one cylinder);

- re-designed spark-holder (four cylinders);

A final sum up will be reported on experiments performance comparison in terms of IMEP and output power,

on engine side, and biomass consumption, overall system efficiency and producer gas LHV, on gasification
system side.

Keywords: Biomass gasification, Downdraft, Fuel flexible, System optimization, Engine performance
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Bioenergy: Learning from Experiences
Retrospect, Status, Outlook

Manfred Woergetter

Retired (former occupation: BLT Wieselburg, Bioenergy2020+, BEST Research)
Am Kellerberg 49, 3250 Wieselburg

Manfred.Woergetter@outlook.com

The paper reviews my work from 1975 to 2019 on wood gasifier and vegetable oil for tractors, biofuels,
biomass furnaces, bioenergy systems and renewable resources. Highlights of my work for the Federal
Ministry for Agriculture, Forestry and Water Management have been the development of type test
methods for small Biomass fired boilers, the market introduction of biodiesel, the management of the
Ministry's "Renewable Resources Working Group”, as well as national and international networking.
Until the end of 2014 | also worked as site manager, key researcher and in the strategy board of the
"Austrian Bioenergy Centre" (later "Bioenergy2020+, now BEST Research); in that time, | had the
privilege to represent Austria in the Executive Committee of IEA Bioenergy on behalf of the Austrian
Federal Ministry for Transport, Innovation and Technology (now Federal Ministry for Climate Action,
Environment, Energy, Mobility, Innovation and Technology).

Renewable electricity from hydropower was first addressed in Austria in 1883. In 1919, 4 Danube power
plants have been considered; construction of the 15t one (Ybbs-Persenbeug) started in 1936. The
Kaprun storage hydropower storage plant was initiated in 1928, and finished in 1955.

Since the 1950s, nuclear power was an issue, three power plants have been planned. A referendum in
1978 stopped this technology; since 1999, the constitution prohibits nuclear power in Austria. The
occupation of the construction site of a new Danube power plant in the Hainburger Au in December
1984 also stopped the construction of an additional power plant on the Danube and subsequently
triggered an environmental and democratic political change.

Until the 1970s, Austrian energy statistics only showed hydropower as renewable. According to a report
of the Ministry for Agriculture and Forestry, firewood reached a low of 1.55 mio. m3(10.9 PJ) in 1973
already.

The oil crisis of 1973 showed the dependence of industrialized countries on fossil fuels, and the first
efforts have been started to develop and install sustainable bioheat in Austria. Already in 1996, 220
biomass district heating systems have been in operation. The introduction of biofuels was also
successful, leading to a direct CO2 reduction of 1.33 mio. t in 2020. With 231 PJ (53%), bioenergy is
the number 1 renewable energy source today. However, Austria has lost some lead in GHG reduction
over the last decade (1990-2020: Austria - 6%, EU 27+UK -34%).

The paper presents the development and the current status of bioenergy, addressing potentials,
technologies, drivers, success factors and barriers. Conclusions & recommendations to Austria's policy
makers are include. With biomass, a short-term and cost-effective switch from natural gas to bioheat
seems to be possible. Rapid effects can also be realized with biogas as well as with classical and
innovative transport biofuels. Austrian's leading position in technologies (e.g. in combustion, gasification
as well as 15t and 2" generation Biofuels) creates opportunities for exports.

A comprehensive system change is a global and highly complex issue that must also take into account
the UN Sustainable Development Goals. In this context, | see people at the center of environment,
economy and society. Innovative technologies are just as indispensable as scientifically sound work on
external effects and social acceptance. The development of high-yield crops for energy and industry
and the impact of land-use change are important, bio-based CCS and CCUS systems should also be
addressed. Industry, business, and investors need a consistent, reliable, and long-term framework.
Visions, strategies, implementation pathways, measurable targets, monitoring of development, and a
supportive framework are in the hands of policy makers. Ambitious goals require effective and efficient
use of limited (financial!) resources. The real successes can only be achieved in the markets where
consumers make their own decisions.
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Market Uptake Support for Intermediate Bioenergy Carriers
- MUSIC project results

Dr. Rainer Janssen, John Vos, Patrick Reumerman Dr. Konrad Siegfried,
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www.wip-munich.de reumerman@btgworld.com konrad.siegfried@dbfz.de
www.btgworld.com Linda.Koenig@dbfz.de
www.dbfz.de

Aim and approach used - The MUSIC project (www.music-h2020.eu) is a HORIZON2020 initiative that aims to
facilitate market uptake of three types of intermediate bioenergy carriers (IBC’s: torrefied biomass, fast pyrolysis
liquid, and microbial oil) by developing feedstock mobilisation strategies, improved logistics and IBC trade
centres.

Scientific innovation and relevance - Biomass, such as agricultural or forest residues, can be processed into
energetically denser, storable and transportable intermediary products analogous to coal, oil and gaseous fossil
energy carriers. IBCs may replace fossil fuels in the energy (power & heat) production sector, the transport sector,
within energy intensive industries (e.g. steel production) and for the production of bio-based materials. IBCs
contribute to energy security, reduce greenhouse gas emissions, and provide a sustainable alternative to fossil fuels
in Europe.

The core actions in MUSIC include: Setting up case studies to determine the most cost-effective routes for biomass
and IBC mobilisation. Evaluating policy framework conditions, technologies, and markets for IBCs. Involving,
engaging, and supporting stakeholders by sharing knowledge on intermediate bioenergy carriers. Assessing
regional biomass flows, using supply chain and optimisation software and tools. Improving the trade of IBCs both
regionally and on EU level. Wider dissemination of project results and findings, including white papers on IBC
technology state of the art and studies on sectoral deployment perspectives. Results of MUSIC will be
synthesised, and strategies and recommendations on supply chain development will be developed based on
the results.

Results and conclusions

Framework conditions (legal, institutional, and political) for market uptake of IBCs were evaluated and a first
summary paper for policy makers, identifying promising applications of IBCs, was published.

Development of advanced and strategic case studies: Together with industries and market actors, and in four
different regions (Greece, Italy, Nordic and pan-European) advanced case studies on value chain assessment and
strategic case studies on expansion strategies and market uptake were developed. Together the set of eight case
studies cover three types of intermediate bioenergy carriers. In this presentation the recommendations and lessons
learned from the case studies are presented.

Spanning three case study regions (Greece, Italy, and Nordic), six models for optimising logistics and minimising
costs of regional biomass supply for IBC production were expanded or newly developed.

Development of virtual trade centre: an interactive platform for mobilising feedstock towards IBC production and
use was developed: the smart phone app tool BINTER. The application facilitates primary producers (Greek farmers)
to declare available biomass, collectors/transporters to book the biomass they are interested in, and end-users to
declare their preferences in biomass.

Strategies for biomass feedstock mobilisation and supply chain development are elaborated, based on
extensive consultation of, and engagement with, stakeholders at various geographical levels (in case study region,
national, and international) and advice to policy makers (at all levels) to serve as input for more informed policy,
market support and financial frameworks.

The MUSIC consortium consists of sixteen partners from seven European countries: Sweden, Finland, The
Netherlands, Belgium, Germany, Italy, and Greece. The partnership has strong industrial participation, comprising
three industry-driven network organisations and seven industry partners, including Europe’s leading IBC technology
developers, and is capable to achieve broad relevance and transferability of all results in the European bioenergy
sector.

Key words: Intermediate bioenergy carriers, market uptake, biomass mobilisation, bioenergy
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Thermal upgrading by Torrefaction/Carbonization, a
supply and demand side sector update

Michael Wild, President IBTC;
+43 676 6117622

email: michael@wild.or.at

http://biomasstorrefaction.org

Thermal upgrading of Biomass is seeing a second hype and this time it is driven from product demand
in various markets. The sector, especially the technology providers have raised the temperature to
high. An array of additional products, by products and additional processes is the result and is
resulting in a much healthier sector than before.

The focus and dependence on the power market as only significant offtaker has caused plenty of
troubles in the last decade for the sector. Now the trouble seems rather to ramp up fast enough
processing capacity not to frustrate demand side.

o Inthe presentation an update on existing plants respectively plants in the pipeline around the
globe will be provided.

Further topics discussed:

o  Which sectors are currently demanding carbonized biomass and what are typical
specifications.

o Dominant form factors for trade

Feedstocks addressed and processed

o By-products of the thermal treatment

O

A brief excursion on the International Biomass Torrefaction and Carbonisation Council (IBTC) that
became an independent association by January 23, its mission, the planned activities and the
services offered to members and the markets shall conclude the presentation.
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biofuels worldwide
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Reducing greenhouse gas emissions from the transport sector is a goal of national and international
climate and energy policy, but is particularly difficult to achieve compared to other sectors. Biofuels are
already making a significant contribution here, immediately reducing emissions from the existing vehicle
fleet. Developing technologies to produce advanced biofuels from biomass and residues should enable
expanded production and increased GHG emission savings in the transportation sector.

In the last years, demand and production of advanced transport fuels from biomass and other
renewable feedstocks increased. In particular, several plants for the production of HVO, aviation fuel
components and sustainable aviation fuels (SAF) have been built or are in the planning phase. There is
also a trend towards diversification and combination of technologies.

For example, co-processing units and hybrid systems are being integrated in fossil refineries.
Technologies producing fuels using a combination of biomass and electric power or green hydrogen are
available. So-called biogenic waste streams and waste streams from non-biological origin are also
increasingly being used for the production of advanced fuels. The focus in the coming years will lie on
producing fuels for the long-distance transport sector (i.e., shipping, aviation, rail, and trucking), which
is more difficult to electrify.

Conventional and advanced biofuels can be produced through various technological routes such as
oleochemical, biochemical, thermochemical, and hybrid conversion technologies. The conventional
biofuels are already commercially available and ready for the market. Advanced biofuels have been
successfully demonstrated in different countries and the commercialization of different technologies
progresses.

IEA Bioenergy Task 39 is observing the status and the development of demonstration facilities for
advanced liquid and gaseous biofuels since many years and established a publicly available database
and map. The database lists facilities producing advanced biofuels via different technology pathways
covering gasification, fermentation, hydrotreatment, fast pyrolysis, hydrothermal liquefaction, lignin
depolymerization and hybrid technologies with E-fuels.

The IEA Bioenergy Task 39 database on demonstration facilities for the production of advanced
liquid and gaseous biofuels for transport (“demo plants database”, https://demoplants.best-research.eu/)
has been set up and is maintained by BEST since more than 12 years. Within this timeframe trends,
successes, lessons learned and key issues for limitation became visible.

The observation of the development over time has shown that for some technologies the
commercialization progresses and that there is capacity potential for the industrial supply of drop-in
advanced biofuels worldwide and in Europe.
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Utilization of biomass for high-purity hydrogen
production with chemical looping

Bernd STOPPACHER
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https://www.tugraz.at/institute/ceet/research/hacker-group

Co-Author: Viktor HACKER

The upgrade of waste streams from agricultural and industrial processes to high-value energy carriers
is an essential contribution to the transition towards a sustainable energy system. Biogas from the
fermentation of biogenic residues provides a promising alternative feedstock for decentralized hydrogen
production.

The Reformer Steam lron Cycle (RESC) is a fixed-bed process based on chemical looping for the
production of high-purity hydrogen from gaseous fuels [1]. In the research project Biogas2Hz, a 10 kWi
fixed-bed chemical looping laboratory system was coupled to a 3 MW biogas fermenter in Mureck,
located in the southern region of Austria. Thirty redox cycles were performed in the experimental study.
The generated hydrogen was characterized online by ppm-range gas analysis and exhibited a product
gas quality of up to 99.998%. Throughout a parameter study, the influence of relevant process
parameters (temperature, O/R ratio, reduction time, amount of steam in the oxidation phase) on the
hydrogen purity and system efficiency was observed [2].

In general, the utilization of biogenic gases implicates the introduction of harmful sulfur contaminants in
the process. Previous investigations in laboratory scale showed that hydrogen sulfide in the feed gas
causes significant contamination of the product hydrogen and a performance loss of 12% in case of
100 ppm in the reductive feed gas. The reason was found in molecular chemisorption of H2S on the
surface of the oxygen carrier throughout the reduction phase. In the subsequent steam oxidation phase
hydrogen sulfide desorbs again and enters the product gas stream [3].

The results of the project Biogas2H: proofed that coupling fixed-bed chemical looping systems to biogas
plants enable fuel cell grade hydrogen production and an economically competitive option for upgrading
local available biogenic residuals to high-purity hydrogen.
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A sustainable decarbonized energy system would require a considerable amount of renewable liquid
and gaseous fuels to support applications where full electrical systems are ineffective or prohibitive.
One of the most promising thermochemical methods for converting lignocellulosic feedstocks to a
flexible synthetic gas that can be further processed into a variety of fuels and chemicals is biomass
gasification. However, with reference to hydrogen and biofuels availability, biomass gasification has
a number of technological hurdles, including a shortage of reducing equivalents accessible in the
form of hydrogen, which are necessary for the synthesis of high energy density drop-in fuels. Low
hydrogen concentration is especially troublesome in gasification systems that rely on partial internal
combustion to meet the enthalpy needs of the gasifier, such as air gasification.

The goals of this study were to test the operation of a producer gas reforming unit at various
temperatures and steam-to-syngas ratios and evaluate: 1) the relative increase in hydrogen
concentration and yield compared to standalone air gasification, 2) the achievable rates of char
carbon conversion, and 3) the compatibility of the obtained syngas compositions with the
stoichiometric ratios required in the synthesis of various biofuel types. A comprehensive set of
experiments was conducted using a small pilot-scale open top air gasifier (OTG, int = 13 cm)
operated with biomass pellets and coupled to a producer gas allothermal reforming reactor (GRF,
int = 14 cm) filled with char produced by the OTG, heated by an electrical split-furnace, and fed with
a steam generator.

The experiments were conducted at temperatures of 700 °C, 750 °C, 800 °C, and 850 °C and the
reactor was operated at different steam flow rates and residence times. The GRF was firstly tested
without char and steam. Then, flowing the producer gas, the GRF was tested: a) without char but
with steam, b) with char but without steam, and c) with both char and steam.

The producer gas composition exiting the OTG was in average (vol.% wet basis) H2 16.0 % , CO
17.7 %, CO2 14.5 %, CH4 2.9 %, N2 46.0 %, H20 2.9 %, with an average char yield of 0.10
kgchar/kgbiomass, and a hydrogen yield of 18.1 gn2/kgbiomass. The reaction of the producer gas CO2 with
the carbon available in the char bed (Boudouard reaction) increased the CO fraction, which, in turn,
reacted with steam to increase the hydrogen content, through the Water-Gas-Shift reaction (WGS).
This reactions pathway was favored or not depending on the operating conditions. The results of
the experiments showed that an increase in hydrogen concentration occurs while increasing the
temperature and the steam flow rate. The highest values obtained at similar residence time and
steam flow were (vol.% wet basis) 36.6 %, 38.6 %, 45.6 % and 47.0 %, at 700 °C, 750 °C, 800 °C,
and 850 °C, respectively. However, the hydrogen yields did not follow the same trends, due to the
decreasing rate of the WGS at higher temperature, which is opposite to the Boudouard reaction. As
a matter of fact, the highest H2 yield of approx. 50 gn2/kgbiomass Was achieved at 750 °C, which
represents the optimum temperature among the investigated ones in terms of hydrogen production.
This work indicates an alternative option to produce hydrogen-rich syngas from air gasification.
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The advanced dual fluidized bed (DFB) gasification technology allows to generate medium-calorific
product gas from various feedstock. Thereby, biogenic residues, municipal and industrial wastes e.g.
sewage sludge or rejects from pulp and paper industry can be utilized. The varying chemical properties
of these feedstock pose a challenge not only to the DFB reactor system, but also demand improved gas
cleaning of the generated product gas. Downstream gas cleaning and a Fischer-Tropsch plant converts
the product gas into valuable products such as Fischer-Tropsch diesel or waxes.

Over the last years, extensive research was conducted and over 50 fuels were tested on daily operation
test runs in a 100 kW advanced DFB pilot plant at TU Wien. Based on the gained experience, a 1 MW
demonstration plant was designed, built and commissioned, thus allowing the experimental gasification
of various feedstock on a close-to-industrial scale. Investigating the feasibility of upscaling the
technology with regards to product gas quality and operation parameters is the focus of the current test
runs. In order to validate and verify the data from these campaigns, a process flow simulation using the
software IPSEpro is conducted. This allows calculating otherwise immeasurable values such as mass
and energy balances, heat losses and conversion efficiencies of chemical feedstock power into product
gas power. This paper presents the results from these simulations to provide a comparison of different
operating points for the feedstock wood chips Different temperatures, fuel loads, steam-to-fuel ratios
and circulation rates, determine these operation points.

During test campaigns, wood chips were used for gasification. Input data for the simulation model
consists of the plants distributed control system, fuel and bed material analysis, online gas analytics,
and analytical results of wet-chemical tar, NH3, H2S, HCI, sampling. Key performance indicators for the
demonstration plant include e.g. cold gas efficiency, water conversion, and product gas yield.
Additionally, by the use of the simulation results, the fluidization regimes in the reactor system can be
determined.

Results from the simulation allow drawing meaningful comparisons between design parameters, derived
from 100 kW pilot plant operation and the upscaled 1 MW demonstration plant. This gives the opportunity
to generate design values for industrial DFB gasification plants in the future.
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For the substitution of fossil fuels and thus the reduction of fossil carbon emissions, renewable gases
obtained from residues or biomass are a key source of energy for industry and society. Dual fluidized
bed steam gasification is a promising technology for renewable gas production, where residues are
treated thermally forming a hydrogen-rich product gas that can be used for downstream applications
such as FT synthesis, bio-SNG production or direct combustion in industrial processes.

In this research campaign, the gasification behavior of plastic rejects mixed with wood chips was
investigated, with a particular interest in tar formation, as tars lead to deposits in downstream units and
inefficient operation. The fuel input of 50 wt% plastic rejects is characterized by a relatively high water
content of 40 wt%, which implies a high energy loss due to the required enthalpy of evaporation.
Continuous operation was maintained for 24 hours, with regular measurements of the product gas
composition, which contained up to 3.7 % C2H4, an indicator compound for tar concentrations. To
mitigate the formation of tars, the pilot plant was designed with a counter-current column in the
gasification reactor to improve the mixing and interaction of char and bed material. Variations of the
solids-hold up in the counter-current column showed a dependence of tar formation and occurring tars
species with increasing pressure drop along and over the entire column. A recommended mode of
operations is given including the input of steam and auxiliary fuel to sustain a steady temperature and
pressure profile in the reactors and a continuous product gas composition, irrespective of an
inhomogeneous fuel composition.
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Das Projekt ,ReGas4Industry” wurde im Zeitrahmen von April 2019 bis September 2021 abgewickelt.
Im Zuge des Forschungsprojektes wurden grundlegende Prozesse der Gaserzeugung und
darauffolgende Gasaufbereitungs- und Synthesereaktionen untersucht, die die Erzeugung von
speicherfahigen oder direkt verwendbaren Sekundarenergietragern ermdglichen. Als Ausgangsstoffe
fur die Synthesen wurden dabei Produktgase aus biogenen Reststoffen betrachtet, die mittels Zweibett-
Wirbelschicht bzw. DFB-Gaserzeugung erzeugt werden und dann fir die Industrie als Ersatz fir fossile
Energietrager wie Erdgas, Kohle oder Ol zur Verfiigung stehen. Als Vergasungsmittel ist Wasserdampf
und die Wiederverwendung von CO:z in verschiedenen Mischungsverhaltnissen untersucht worden. Die
Untersuchungen im Pilotmalstab sollen die notwendigen Grundlagen schaffen, um die energieeffiziente
Verwendung von regenerativen Energiequellen unter gleichzeitiger Einbindung von CO2 aus
industriellen Prozessen betrachten zu kénnen.

Das innovative Verfahren besteht aus der neuesten Generation der DFB-Gaserzeugung in Kombination
mit einer neuartigen einstufigen Wirbelschichtmethanierung. Untersuchungen verschiedener
Reststofffraktionen an der 100 kWi DFB- Pilotanlage an der TU Wien zeigen, dass die Gaserzeugung
aus Brennstoffen wie Rinde, Lignin, Klarschlamm und Garresten technisch maoglich ist. Rinde weildt
dabei aus technisch-operativer Sicht die besten Eigenschaften auf und bietet gleichzeitig durch das
grolle Aufkommen das grofdte Substitutionspotential flr die Produktion von erneuerbarem Erdgas.
Klarschlamm ist trotz des hohen Aschegehalts und des hohen Anteils an Verunreinigungen ebenfalls
fur die Gaserzeugung und SNG Produktion geeignet. Durch den negativen Preis von Klarschlamm ergibt
sich ein 6konomischer Vorteil, nicht nur gegentber der SNG-Produktion aus hochwertiger Biomasse,
sondern auch gegeniiber fossilem Erdgas. Das vorhandene Klarschlammpotential in Osterreich ist
allerdings stark begrenzt, und eine grofdtechnische Verwertung ist daher nur in Ballungszentren sinnvoll.
Durch die Zudosierung von externem Wasserstoff (z.B. aus Elektrolyse) kann der Ertrag an SNG pro
Kilogramm an Brennstoff wesentlich gesteigert werden. Durch die aktuell hohen Kosten fiir Wasserstoff,
macht diese Variante allerdings den 6konomischen Vorteil der Anwendung von kostengunstigen
Reststoffen zunichte. Aus Okologischer Sicht ergibt sich ein groRes CO: Einsparungspotential
gegenuber fossilem Erdgas, wobei die SNG Produktion aus Rinde generell ein groReres
Einsparungspotential bietet als Klarschlamm. Rest-CO2-Emissionen ergeben sich vor allem aus dem
teilweise fossilen dsterreichischen Strommix und dem Brennstofftransport zur Anlage.

Detaillierte Untersuchungen der Methan-Synthese in der einstufigen Wirbelschicht wurden
durchgefihrt. Dazu wurde eigens ein fur die Wirbelschicht optimierter, abriebfester Katalysator
hergestellt und in einer neuartigen 10 kW Wirbelschichtmethanierungsapparatur getestet. Uber die
gesamte Versuchszeit wahrend des Projekts wurde kein mechanischer Abrieb oder chemische
Deaktivierung des Katalysators festgestellt. Systematische Untersuchungen der Methan-Synthese mit
Flaschengasmischungen zeigen, dass maximale Umsatze bei Temperaturen zwischen 320-360 °C
nahe dem thermodynamischen Gleichgewicht méglich sind. Dies gilt sowohl fur die Methanierung von
CO als auch CO2 sowie fir Produktgase aus dem DFB-Gaserzeuger. Neben der
Wirbelschichtmethanierung wurden auch Gasreinigungsapparate, wie ein Biodieselwascher und ein
dreistufiger Festbettadsorber konzeptioniert und gebaut. Dies ermoglicht den Betrieb der gesamten
Prozesskette vom Reststoff bis zum Roh-SNG im Technikum der TU Wien. Zwei umfangreiche
Versuchskampagnen demonstrierten erfolgreich die Roh-SNG Produktion von Live- Gas aus der direkt
davor geschalteten 100 kWi Gaserzeugungsanlage. Neben dem DFB-Betrieb, konnte im Zuge dieser
Versuche die gesamte Prozesskette auch in Kombination mit dem SER-Prozess betrieben werden,
welcher es ermdglicht im DFB-Gaserzeuger ein Produktgas mit erhdhtem Hz-Gehalt zu erzeugen. Durch
diese einzigartige Kombination, konnte der CHs-Gehalt im Roh-SNG wesentlich erhéht und der Rest-
CO2-Gehalt deutlich gesenkt werden, bei gleichzeitig erhéhtem Kaltgaswirkungsgrad und ahnlichem
Kohlenstoffnutzungsgrad im Vergleich zum klassischen DFB-Betrieb.
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Geological CO2 storage is a part of the Carbon Capture and Storage (CCS) technology chain. CCS
allows for (a) the capture and long-term storage of CO2 from industrial sources, thus preventing its
release into the atmosphere, and (b) the direct capture from the air (from biomass or direct air
capture) to achieve negative emissions. CCS is therefore considered a key enabler for decarbonizing
COz-intensive industries and particularly for hard-to-abate emissions. The presentation gives a brief
overview of the geological storage options and the underlying storage mechanisms. The resulting
storage capacity and what makes us sure that geological CO:2 storage is safe are addressed in the
presentation.

In Austria, there are several potential types of geological targets, including depleted oil and gas fields
and deep saline aquifers. Furthermore, Austria has several large industrial CO2 emitters located in
close proximity to potential storage sites, making CCS a potentially viable option in the country.
Although, CCS has worldwide been deployed on various scales, however, not to the required extent,
in Austria a federal law prohibits the geological storage of CO2 due to concerns on the grounds that
technical and safety issues still had to be clarified and concerns regarding the environmental impacts
and risks. The underlying evaluation report stated that further research is needed for permanent
geological storage of CO2, with a particular focus on national geological conditions and environmental
impacts. Based on that the newly granted CaCTUS project will re-evaluate the potential for CCS in
Austria according to state-of-the-art knowledge and methods in terms of storage mechanisms and
safety as well as suitable geological conditions. Furthermore, potential capacities for CCS in Austria
are gathered based on data material from Austrian rock formations and evaluated in a harmonized
evaluation scheme.
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The utilization of Arundo donax (giant reed) can serve as a renewable and sustainable option to reduce the
dependence on fossil resources. This crop can be used as feedstocks in different processes. Their versatility allows
their utilization in biorefinery processes for biofuels, bioenergy, and bioproducts. Arundo donax can be used for
bioproducts through incorporating its fibers in, e.g., composites or through the commercialization of their fractions
(cellulose, hemicellulose, and lignin). Arundo donax can be used in biological, chemical, or thermochemical routes
to produce different biofuels, such as ethanol, green gasoline, or heat and power. However, the cultivation of A.
donax can compete with land needed for food production, incrementing the food versus fuel dilemma. Therefore,
growing A. donax in contaminated land is a valuable option to reduce the problems associated with land use change.
In addition, this option contributes to generating economic and environmental value for contaminated lands and
allows the creation of direct and indirect jobs. Among the contaminants responsible for soil contamination, heavy
metals represent a significant fraction that causes several damages to ecosystems, and when entering the food
chain, they can cause several health problems. In this way, due to the capability of A. donax to adapt to several
stressful environments, it is relevant to study the effect of different heavy metals and levels of contamination on the
biomass yield and quality of A. donax. To achieve this goal, an experimental design was made with pots to test the
effects of the single contamination of six different heavy metals (zinc, chrome, lead, nickel, cadmium, and copper)
in Arundo donax's biomass yield and quality. The chosen tested level for each heavy metal represents twice the
limit established by Portuguese legislation regarding the heavy metal concentrations in alkaline soils (900 mg Zn
kg-', 600 mg Cr kg-', 900 mg Pb kg-', 8 mg Cd kg-', 220 mg Ni kg-', and 400 mg Cu kg-'). Control pots with non-
contaminated soil were also essayed. The experiment has been conducted since June 2018 in the Campus area
of the NOVA School of Sciences and Technology, Universidade NOVA de Lisboa, from where the rhizomes of giant
reed were collected, to understand how this crop behaves in the long term. In this work, the aim is to present the
results from the 3 year. Preliminary results indicate that all contaminated trials affected A. donax yields. A
significant reduction in Cd, Ni, and Cu trials, around 33%, 27%, and 28%, respectively, was observed. Chromium
and Pb, however, showed the most toxic effects for A. donax, provoking a contraction in its productivity of 52% and
57%, respectively. The yield reduction caused by the contamination will affect the potential production of renewable
energy and the associated greenhouse gas emissions reduction potential. Regarding the biomass quality, the
proximate analysis did not appoint any difference in the volatile matter and fixed carbon among biomass harvested
from contaminated and non-contaminated pots. The high heating value was also not affected by the presence of
the contaminants. However, ash content increased in the biomass collected from the heavy metals-contaminated
trials, a fact that can limit the application of the resulting biomass in thermochemical processes. The biomass's
nitrogen and phosphorus content, fiber content, elemental analysis, and slagging and fouling indicators are still in
progress.
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A semi-detailed kinetic model for biomass pyrolysis and
gasification: status, challenges and perspectives
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Detailed kinetic modelling of biomass pyrolysis and gasification constitutes a fascinating but rather complex
multicomponent, multiphase and multiscale problem. Starting from the complexity of an appropriate
characterization of the biomass feedstock with the selection of reference species such as lignin, cellulose,
hemicellulose and extractives, modelling the chemical dynamics of biomass in pyrolysis and gasification
requires first to describe the degradation of the solid biomass, of condensable and non-condensable volatiles
release and, second, their evolution in the gas phase. Indeed, secondary gas phase pyrolysis and/or partial
oxidation reactions (gasification) must also be taken into account for a proper description of intermediate and
product species release. The complex occurring chemistry unavoidably involves a huge number of species
and reactions. Lumping techniques should be applied to enable the use of detailed/semi-detailed chemistry in
reactor scale simulations while retaining the accuracy of the chemical description, ultimately allowing reactor
design and optimization beyond currently adopted thermodynamic equilibrium approaches. Furthermore,
beside gaseous and liquid products the model should also describe the heterogeneous formation of a solid
residue (i.e. biochar) during pyrolysis as well as its partial oxidation for gasification conditions.

This work showcases and summarizes the outcomes of modelling efforts in the area of biomass pyrolysis and
gasification performed at the CRECK Modelling Lab of Politecnico di Milano in the last 15 years of activity. In
addition to a discussion of the underlying concepts, assumptions together with potentials and shortcomings of
the chemical reaction engineering approach, this work presents a wide range validation of the integrated model
in all of its different constituent parts. Outlooks for further works involving model extension and upgrade, full
integration with the biochar module as well as possible couplings with semi-detailed kinetic model for solid
plastic wastes available at CRECK.

References:

[1] Ranzi, Eliseo, et al. Energy & Fuels 22.6 (2008): 4292-4300.

[2] Ranzi, Eliseo, et al. ACS Sustainable Chemistry & Engineering 5.4 (2017): 2867-2881.
[3] Ranzi, Eliseo, et al. ACS Sustainable Chemistry & Engineering 5.4 (2017): 2882-2896.
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cultivated in heavy metal contaminated soils

Barbara Rachele Ciaramella barbara.ciaramella@phd.unict.it and Elena Crapio elena.crapio@phd.unict.it
Dipartimento di Agricoltura, Alimentazione e Ambiente (Di3A), University of Catania, Via Valdisavoia 5, 95123
Catania, Italy;

Leandro Augusto Gomes

MEtRICs, Departamento de Ciéncias e Tecnologia da Biomassa, Departamento de Quimica, NOVA School of
Science and Technology|FCT NOVA, Universidade NOVA de Lisboa, Campus Caparica, 2829-516
Caparica,Portugal; lau.gomes@campus.fct.unl.pt

Alessandra Piccitto alessandra.piccitto@phd.unict.it, Sebastiano Andrea Corinzia andrea.corinzia@unict.it,
Salvatore Luciano Cosentino cosentin@unict.it and Giorgio Testa gtesta@unict.it.

Dipartimento di Agricoltura, Alimentazione e Ambiente (Di3A), University of Catania, Via Valdisavoia 5, 95123
Catania, Italy;

Biomass has become a promising alternative to reduce fossil resource dependence. However, biomass for energy
purposes can represent a threat to food security due to the indirect land use change (iLUC). In this context, biomass
cultivation in marginal lands contaminated with heavy metals appears as a suitable alternative for renewable and
sustainable feedstock. Therefore, the biomass must be tolerant to contamination to be able to grow. African fodder
cane (Saccharum spontaneum L. ssp. aegyptiacum), a perennial, rhizomatous lignocellulosic crop, has been
proposed as an essential bioenergy crop for advanced biofuel production in the Mediterranean region. Due to the
high tolerance of this crop to grow on marginal soils, under drought, salinity, and contaminated soils, African fodder
cane appears helpful to reduce the competition between food and industrial crops for the use of land suitable for
food or feed purposes. Phytoremediation uses selected plants with the ability to extract, stabilize or degrade
pollutants from soil, and opens new challenges and opportunities in terms of economic prospects and environmental
restoration. Using contaminated biomass as feedstock in anaerobic digestion to produce advanced biomethane
seems to be a promising approach to valorize the biomass produced on contaminated soils. This research aims to
assess biomethane production from African fodder cane biomass grown in soils contaminated with lead and
cadmium. African fodder cane was grown in two different levels of soil lead contamination (450-900 mg kg™') and
two different levels of cadmium contamination (4-8 mg kg™). During the annual dormancy after the growing season
(February), the aboveground portion was harvested and weighed. The samples were ground and stored for
chemical analysis after being oven-dried at 65 °C. Total solids (TS) and Volatile solids (VS) were measured. The
BMP test was performed with an automatic methane potential detection system (AMPTS |l, Automatic Methane
Potential Test System, Bioprocess Control AB, Lund, Sweden). The experiment was conducted in reactors of 500
mL each, in which substrates and inoculum were mixed in a ratio of 1:3 in terms of grams of VS at mesophilic
conditions (38 £ 1 °C) with continuous mixing. All tests were performed in three replications. The inoculum was
initially obtained from an anaerobic digester located in Sicily and maintained in a reactor in the laboratory. To remove
large, undigested particles, the inoculum was filtered through a 2 mm porosity sieve and then stabilized in a 38 °C
incubator for 5 days. African fodder cane showed a great tolerance to grow in the presence of heavy metals in the
soil. Whereas, the production of biomethane decreased at the increasing level of heavy metals in the biomass.
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There is renewed interest for the wider use of biomass for energy production in the European Union,
and this is directed towards the use of woody biomass for bioenergy with the aim to achieve net-
zero carbon energy production. The main objective of the present work is firstly to provide an
overview of the woody biomass use in the European Union with emphasis in local applications of
woody biomass through distributed utilisation in Cyprus, with the examination of a local wooden-
pellets unit. The second objective concerns the overview of the available biorefinery technologies
that can be implemented in existing woody biomass production units, with the assessment of the
combination of candidate biorefinery technologies with the operation of biomass production units.
The third objective involves the investigation of the energy requirements and the carbon dioxide
emissions produced by the operation of the local unit, along with the avoidance of carbon dioxide
emissions by the produced pellets utilised for bioenergy production. The fourth objective is to
provide a retrofit recommendation of the existing local unit with biorefinery technologies, in order to
achieve a dual use of the wooden pellets for carbonisation and the production of syngas, the later
to be exploited within the unit by examining internal combustion engines and gas-turbine
technologies. These technologies are envisaged to generate electrical power, that can be used for
the local needs of the unit and also to supply electricity to the national electricity grid of Cyprus. The
methodologies used include firstly the technical assessment of the wooden-pellets unit and the
candidate biorefinery technologies, which is performed by using the local woody raw material, the
technical specifications, the production conditions for the unit industrial operation at the rural area
of its installation. Thermochemistry methods are secondly used for the examination of the wooden-
pellets, by using published data of the physical and chemical properties of the pellets for lean
mixture combustion calculations in a furnace and the estimation of combustion temperatures and
the resulting amount of carbon dioxide emissions, which are considered as avoidance since are
created within a renewable energy source the biomass. Energy balance calculations are performed
for the production unit combined with candidate biorefinery technology, in order to produce
carbonised pellets and syngas for further utilisation in the power generation technologies, notably
internal combustion engine and gas-turbine. Overall, the energy demands and the bioenergy
produced by the unit are accounted for the electrical energy production, while the avoidance of
carbon dioxide emissions is assessed. The present work provides recommendations for the
upgrading of existing woody biomass installations with candidate biorefinery technologies, for
bioenergy and power generation applications.
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Biomass-based Chemical Looping (CL) processes constitute a promising alternative to traditional
thermochemical conversion processes. Solid oxygen carrier materials are used as oxygen source
instead of air and, thus, pure CO:2 is obtained at the outlet after the condensation of steam. When
considering the additional CO2-intake of biomass over its lifetime, such processes are called Negative
Emission Technologies (NET), which are required in order to reach carbon neutrality until 2050.

The fuel biomass can, for example, be combusted (Chemical Looping Combustion, CLC), gasified
(Chemical Looping Gasification, CLG) or used for hydrogen production (Chemical Looping Hydrogen,
CLH). The detailed description of such processes calls for reliable models at multiple scales. At the
smallest scale gas-solid reactions take place. They also predict the conversion of fine powders
conveniently. In practical applications, however, not only powders but also particles/pellets are used.
Transport phenomena around and into the particles then have to be considered in addition to
heterogenous chemical reactions. At the largest process scale there are entire reactors, which typically
contain high numbers of particles and give rise to additional transport phenomena.

Within the COMET project BIO-LOOP, experiments are conducted at all these process scales for
selected oxygen carrier materials. The data obtained are then used for model development, aiming at
describing the conversion at individual scales as well as holistic systems. A consistent methodology
throughout all scales is developed in order to showcase the differences and influences of individual
scales. In this work, an overview of the ongoing research within the model development sub-project of
BIO-LOOP is provided. Thermogravimetric Analyses (TGA) of powders and single particles are
conducted. Thus, a kinetic model can be developed and the additional transport resistance at the particle
scale can be shown. In parallel, fixed bed experiments are conducted. They can be used for reactor
model development as well as validation for the entire coupled model.

120



Application of flexible tools in Energy Intensive
Industries

Author: Nikolaos Margaritis

Organization: Chemical Process and Energy Resources Institute (CPERI), Center for Research and
Technology Hellas (CERTH)

Address: 4km N.R Ptolemaidas-Mpodosakeio Hospital area, 50200 Ptolemaida, Greece

E-mail Address: n.marqaritis@certh.qr

Homepage: https.//www.cperi.certh.gr/en/research-areas/solid-fuel-techonology-application-sector

Co-Authors: Christos Evaggelou, Panagiotis Grammelis, Haris Yianoulakis, Polykarpos
Papageorgiou, Roberto Arevalo Turnes

The European Union, in order to reduce the catastrophic consequences of climate change, has greatly
tightened the legal framework governing overconsumption and waste of energy. In this context, it is
proposed to significantly reduce the use of fossil fuels and increase the use of green energy in all
producing sectors. Of particular interest are the Energy Intensive Industries (Ells) which represent 24%
of the final energy consumption. The waste of energy with the simultaneous use of fossil fuels in the
Ells greatly increases the CO, emissions and their reduction must become a key goal. Part of the
solution can be the substitution of fuel from carbon neutral fuels such as biomass, but also the upgrade
of energy processes through technology advanced equipment.

The following paper presents, describes and analyzes two flexible model tools (CO» emissions/cost tool
and CFD tool) that simulate the production process of an Ell such as Grecian Magnesites (GM) and
extract economic and technical conclusions regarding the substitution of fossil fuels (pet coke) with
various types of biomass (such as Sunflower Husk Pellets, Olive Kernel and Sawdust). Production cost
is reduced with biomass substitution at current CO; price (78.86 €/tn @27/11/ 2022) even for the most
expensive type of biomass at high rates of substitution. As CO; price increases, the use of biomass
seems an attractive alternative for this type of companies in order to remain sustainable. With prevailing
pet coke price (350 €/tn) and biomass prices, replacing a part of fossil fuel with biomass is lucrative for
GM. The higher the substitution, the higher the profit in both emissions and cost reduction. Initial results
of this decision-making cost tool showed that the most profitable solution in economic terms is the 70%
substitution, while the most beneficial type of biomass proved to be the olive kernel due to its low price
and local availability. Furthermore, taking into account the general instability of the market stemming
from various external factors (war in Ukraine, increase in fuel prices), the economic data extracted from
the model are compared with those calculated one year ago. It is reported that the cost of production in
GM increased by 34% during the last year, using only fossil fuels. The corresponding increase for
biomass substitution is lower regardless of the percentage, while in the implementation of the optimal
scenario (70% substitution with olive kernel), important cost savings can be achieved by the company.
The 2nd simulation tool (CFD tool) was used to determine various functional characteristics of the
production process and to determine the optimal operating conditions in GM. The realistic simulation of
the combustion process inside the kiln predicts the changes in the operation conditions upon changes
in the fuel blend. Thus, the distribution of temperature, gas composition or gas velocities can be
determined in advance. This information allows the operators to decide if a given blend of biomass and
coke is suitable from the point of view of magnesite production, as well from the point of view of
emissions (CO2 and NOy) avoided.

For these predictions to be useful, it is necessary to have them available rapidly. To this end, from the
CFD simulation, a reduced order model (ROM) has been developed that allows to run scenarios in real
time, instead of the usually long times required by complex simulations. Comparative studies of fuel
blend and biomass type can be carried out easily and rapidly, allowing to choose the most suitable
substitution. The model predicted reductions in emissions (30% NOy, 38% SOy) in line with experimental
values (21% NOy, 47% SOx), proving a valuable tool.
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At the latest, since the 2022 energy crisis, the issues of supply security and resilience have become
omnipresent. Without fossil fuels, Germany is dependent on a rapid expansion of renewable energies,
which poses major challenges for the energy system. Volatile energy sources, such as wind and solar,
are becoming the major pillars of the energy transition, but they themselves have only limited flexibility.
For this reason, a decentralized use of solid biomass, together with heat pumps and heat-storages within
hybrid systems, could play an important role. Rural areas in particular, where the possibility of a district
heating network does not exist, are predestined for the decentralized use of solid biomass. However,
this provision of energy by preferably small-scale producers instead of a few large power plants in-
creases the variability as well as the complexity of the energy system. In order to avoid problematic
power-grid conditions, these decentralized energy assets have to be managed properly, which leads to
a high complexity in control and organization. A cross-sectoral organizational structure for this goal could
be the so-called cellular approach.

In this context, a value-optimized combination of the cellular approach and solid biomass-based hybrid
systems will be developed. The aim is to identify climate-friendly and cost-efficient solutions that offer a
high level of supply security in both the electricity and the heating sectors. It will also be investigated
whether and, if so, how the energetic use of solid biomass can provide a technologically and economi-
cally advantageous supplement for multivalent supply concepts.

In this study, a two-stage optimization approach is presented that considers the detailed modeling of
hybrid systems along with the autonomous and subsidiary properties of the cellular approach. The first
step of this approach is an investment optimization carried out with the Open Energy Modelling Frame-
work (oemof). The basis of the modelling and optimization is a representative energy cell that reflects
the building structure, weather and demand profiles as well as potentials for renewable energies in a
rural area. This cell covers the area of a district and consists of several smaller cells at the building level.
This results in a mixed-integer optimization based on cost efficiency, which is used to determine the
optimal plant configuration and the scheduling for a calendar year depending on the specific constraints
and scenarios. In order to model the cellular power system with sufficient accuracy and to be able to
map flexibilities as well as possible limit violations, time steps of 15 minutes are used under the assump-
tion of perfect foresight.

However, without a direct interaction of the energy cells, it is not possible to model the synergies of the
cellular approach such as subsidiarity and increased autonomy. Therefore, the goal of the second stage
is to find the operational optimum of each cell at the building level in order to generate a system optimum
as the sum of the local optima. For this, an agent-based market model will be used to simulate the
interactivity of each energy cell and optimise the operation towards cost-efficiency and subsidiarity.

With this two-stage optimization, it is possible to calculate the optimal plant configuration and opera-
tion for each cell over a period of one year. As a result, the use of solid biomass in decentralized sup-
ply concepts can be optimized and new insights can be gained into which plant concepts and operat-
ing schedules are to be preferred. In this way, the effect of locally available biogenic resources, whose
potentials are limited, can be maximized. The focus of the planned presentation will be on the concept
of a local market and the underlying rules of interaction as a foundation of the agent-based modelling,
which will be applied on top of that.
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Summary: This paper describes the conceptual design of a Digital Twin (a digital representation of an
entity which mirrors its current state) for an integrated pilot plant for synthetic natural gas (SNG)
production. The plant uses woody biomass as a feedstock and consists of a dual fluidised bed (DFB)
steam gasification reactor and a fluidised bed methanation reactor. The first steps of the integration of
the digital twin are addressed as well.

Purpose: The production of SNG from renewable fuels is a promising approach to reduce CO:
emissions in the European industry and energy sector. The DFB gasification technology with
subsequent methanation has already been commercially realised!. However, a number of issues have
been neglected during the process design due to which the technology has not been competitive up to
now. Especially the development of a holistic automation and digitalisation concept has been studied
insufficiently. This would allow for an increase in process performance while reducing the need for
manual operator intervention.

Experimental setup: At TU Wien, the process chain for conversion of biomass into SNG has been built
up in a pilot scale. The Digital Twin is in the process of being implemented and tested with this setup.
The process chain is built up as follows: in a 100 kW (fuel power) DFB gasifier biomass is converted
into a hydrogen-rich syngas using steam as a gasification agent.? The gasification product gas is cooled
and subsequently cleaned of its contaminants using a cyclone, particle filter, biodiesel scrubber and
adsorbers. The cleaned product gas is converted in a bubbling fluidised bed reactor to raw-SNG
consisting of methane, unreacted hydrogen, carbon dioxide and water as well as traces of carbon
monoxide3. Upgrading steps are necessary to achieve the necessary SNG quality for gas grid injection.
These steps are not part of the experimental setup but only considered simulatively.

Methods: This work pays special attention to the use of process simulation tools in the context of Digital
Twins. The utilisation of live process data in a simulation model allows the operator to consolidate
redundant measurements, determine various intermediate quantities which cannot be measured directly
and thereby have a detailed overview of the current plant performance.

Furthermore, a novel automation concept based on model predictive control was designed and is in the
process of being implemented and tested. The automation system uses real-time data from the plant
along with simulation output and a real-time model of the plant to optimise plant performance with regard
to technical, ecological and economical goals. The control system is supported by soft-sensors which
use data-driven models to approximate variables which cannot be measured directly, such as the bed
material circulation rate and the tar content of the product gas.

Results: It is shown that combining multiple tools and using real-time data from the pilot plant is a
promising approach to support the plant operators through automation, decision making tools and
visualisations. The further necessary steps such as the optimisation of the entire process chain or the
implementation of tools to allow economic dispatching of the plant are discussed. The scaling of the
automation and digitalisation concept to a 1 MWw DFB gasifier is currently being investigated.

" Thunman, H. et al. (2018): Advanced biofuel production via gasification - lessons learned from 200 man-years
of research activity with Chalmers’ research gasifier and the GoBiGas demonstration plant.

In: Energy Sci Eng 6 (1), S. 6-34. DOI: 10.1002/ese3.188.

2 Schmid, J.C et al. (2019): Syngas for biorefineries from thermochemical gasification of lignocellulosic fuels and
residues—b5 years’ experience with an advanced dual fluidized bed gasifier design.

In: Biomass Conv. Bioref. DOI: 10.1007/s13399-019-00486-2.

3 Bartik, A. et al. (2022): Experimental investigation on the methanation of hydrogen-rich syngas in

2 a bubbling fluidized bed reactor utilizing an optimized catalyst.

FUPROC-D-22-00721, DOI: 10.2139/ssrn.4110983
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One of the main tasks for operators of medium- and large-scale biomass boilers is the continuous
operational monitoring of these plants in order to assess their performance, detect errors and identify
possibilities for operational optimization. However, due to the high complexity of this task, errors are
frequently detected too late or not at all, which can lead to even more costly secondary errors. In
addition, possibilities for optimization remain unused in many existing plants, resulting in unnecessary
pollutant emissions and low efficiencies.

To assist operators in performing this task and to achieve a high level of automation, methods for the
automated, model-based monitoring of such plants have been focus of recent research activities. In this
contribution, we will discuss the numerous possibilities provided by the application of such methods in
a practical context. For this purpose, we present selected results from previous activities, demonstrating
how methods for model-based monitoring were applied at combustion plants and used to enable
automated error detection and support operational optimization.

Exemplary result 1: We developed a soft-sensor which accurately estimates the non-measurable
internal state of heat exchangers and implemented it at a large-scale combustion plant with a nominal
capacity of 38.2 MW. This soft-sensor uses a dynamic mathematical model of the heat exchanger in
combination with measured data to determine a new estimate for the heat exchanger’s internal state
every second. Based on this estimate, the soft-sensor accurately detects fouling and determines the
non-measurable flue gas mass flow in real time. The estimated flue gas mass flow was used in a model-
based control strategy which resulted in significant improvements of the combustion plant’s operational
behaviour and load modulation capabilities. These results are discussed in this contribution.

Exemplary result 2: We developed a method for the real-time estimation of non-measurable fuel
properties, i.e. chemical composition, bulk density, lower heating value, in biomass boilers. These
estimates were subsequently used in a model-based control strategy and enabled the improvement of
the biomass boiler’s fuel flexibility. Results of this estimator achieved for different biomass fuels, e.g.
poplar wood chips, corncob grits and standard wood pellets, are discussed in this contribution.

On the basis of these selected results, it will be examined which possibilities arise from the use of
methods for model-based monitoring in biomass boilers and also how these results can be extended to
other technologies such as biomass gasifiers.
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POLYTECHNIK is a global technology leader and supplier of biomass combustion plant, Turn Key
Biomass CHP plants, torrefaction plants and industrial carbonization. The Company offers a product
portfolio consisting of heat and process energy plants with a thermal output ranging from 300 kW to
30,000 kW, CHP Plants with electrical output from 200 kWel to 20,000 kWei. and carbonisation plants
with an output from 3000 to 12.000 t of biochar per year.
The POLYTECHNIK group, with head offices in Weissenbach, Austria, employs around 230 people
and has 4 manufacturing sites and more than 15 engineering, sales and service subsidiaries
throughout Europe, as well as 4 additional offices overseas. The company’s turnover ranges between
45 and 55 Mio € with an export rate on average of 95%. Until now more than 3.000 plants have been
installed worldwide.
In 2010 Polytechnik started a research program to explore the further use and conversion of solid
biomass residues into valuable products, not only from main residue streams, like wood working
industry residues, but also side stream or outside of this industry available residues such as park and
city green waste, waste wood and solid biogenic recycling material. Three main research goals have
been defined.

1) Transformation of waste streams into valuable products

2) Size and volume reduction on recycling material streams

3) COz2 capturing products that can be used for carbon sequestration

The outcome of this research program had been a fully automated and continuously operating batch
pyrolysis process which is coupled with a continuously working novel and ultra-low-emission pyrolysis
gas burner — this process is by now worldwide patented.

The technology development has been supported by extensive CFD simulations in order to optimize
the pyrolysis reactor design as well as the novel pyrolysis gas burner. Moreover, comprehensive test
runs at a lab-scale testing unit supported the stepwise optimization of the technology. In 2016 the first
worldwide unique industrial pilot plant with a design biochar production capacity of 3000 t per year was
built and put into operation in northeast Germany. 3 years of stepwise testing and optimization
followed.

The Process now ensures a high flexibility regarding input material as well as the production of high-
quality biochar which can fulfill all quality criteria of the European Biochar Certificate as well as the DIN
quality criteria for charcoal and the limiting values for biochar as an additive in animal feed production.
The process itself can operate at an overall efficiency of about 90% (related to the NCV of the ingoing
material). The main product of this process is biochar (it covers about 60% of the energy input),
additionally high-temperature heat is available, which can be used as process heat, district heating or
can be used for CHP operation. The internal thermal energy demand is fully covered by the process
itself. Due to the external heating of the pyrolysis reactor and the non-moving biomass in the reactor
almost no particles are entrained with the pyrolysis gas which leads to a complete and almost dust-
free combustion in the novel multi-stage and low NOx pyrolysis gas burner. The combination of the
batchwise operation of the pyrolysis process and the continuously working pyrolysis gas burner is
achieved by a cascaded operation of several pyrolysis reactors which are connected with the gas
burner. The main product Biochar can be used in multiple applications such as soil fertilization and
enhancement, in the animal feed industry, as a substitute for coal in industrial processes (e.g. steel
production) as well as in filtration technologies and in the pharmaceutical industry. As a Carbon sink
one ton of Biochar can sustainably store three tons of CO2 and is therefore eligible for Carbon Credit /
certificate programs.
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Abseits vom Holz: Alternative Biomasse zur
Torrefizierung

Beyond Wood: Torrefaction of Alternative Biomass
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Torrefizierung schafft die Mdglichkeit, aus Biomasse einen vollwertigen Ersatz fir fossile Kohle zu
produzieren. Damit wird der Umstieg auf erneuerbare Energien in diesen Szenarien ermdglicht:

e wo auch in Zukunft die hohen Temperaturen eines Verbrennungsprozesses erforderlich sind
(z.B. Zementherstellung);

o wo der Kohlenstoff im Produktionsprozess materiell erforderlich ist (z.B. Stahlerzeugung);

e wo es im Sinne der Nachhaltigkeit sinnvoll ist, die wirtschaftliche Lebensdauer einer
bestehenden Anlage mit erneuerbaren Brennstoffen zu verlangern (z.B. Kohlekraftwerke).

Global betrachtet ist Holz nur in wenigen Regionen nachhaltig in sehr grofien Mengen verflugbar. Im
Industriebereich sind aber Projekte mit Millionen Tonnen Output erforderlich, um Ersatz fur fossile
Kohle zu schaffen. AuRerdem gibt es flr Holz eine solche Vielzahl an Nutzungsmaoglichkeiten, dass
auch die Wirtschaftlichkeit solcher Gro3projekte schwierig zu erreichen ist.

Daher besteht besonderes Interesse an der Nutzbarmachung alternativer Rohstoffe (z.B.
Elefantengras, Bagasse, Abfalle der agro-industriellen Verarbeitung...). Solche Rohstoffe stehen in
vielen Regionen der Welt in nahezu unbegrenzter Menge und zu deutlich niedrigeren Kosten als Holz
zur Verfugung. NextFuel hat bereits vielfach nachgewiesen, dass solche Rohstoffe auch im
industriellen Mal3stab zu torrefiziertem Brennstoff verarbeitet werden kénnen. Wir geben in diesem
Vortrag Einblick in die grof3ten Potenziale und die wesentlichen Bedingungen zur Nutzung solcher
alternativen Biomasse-Rohstoffe fir den Ersatz fossiler Kohle.

Torrefaction creates the opportunity to produce a full replacement for fossil coal from biomass. This
enables the switch to renewable energy in these scenarios:

e where the high temperatures of a combustion process are still required in the future (e.g.
cement production);

e where carbon is materially required in the production process (e.g. steel production);

e where it makes sense in terms of sustainability to extend the economic life of an existing plant
with renewable fuels (e.g. coal-fired power plants).

Globally, wood is sustainably available in very large quantities only in a few regions. However, in the
industrial sector, projects with millions of tons of output are needed to create replacements for fossil
coal. In addition, there is such a wide variety of uses for wood that even the economics of such large-
scale projects are difficult to achieve.

Therefore, there is particular interest in harnessing alternative feedstocks (e.g., elephant grass,
bagasse, waste from agro-industrial processing...). Such raw materials are available in many regions
of the world in almost unlimited quantities and at significantly lower costs than wood. NextFuel has
already demonstrated many times that such feedstocks can also be processed to torrefied fuel on an
industrial scale. In this presentation, we will provide insight into the greatest potentials and the
essential conditions for using such alternative biomass feedstocks to replace fossil coal.
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Natural Binders - Why binders are not a necessary evil,
but rather a performance enhancer that also opens new
doors.
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When it comes to the agglomeration of untreated, pyrolysed, carbonised or torrefied biogenic raw materials,
our partners often face major challenges. In most cases, the goals are:

 Improvement of storage and transportation properties

* Increase in green and final strengths

* Improving water resistance

* High hot strength for utilisation in steel and iron processing
+ Controlled water storage and release

In this market segment we find an enormous range of variation in terms of their properties and their suitability
for an agglomeration process. Low bulk densities and sometimes highly hydrophobic behavior also make
handling and later compaction more difficult. Regardless of the agglomeration technology used, the need for
binders is often viewed simply as some kind of necessary evil. However, in most cases, these offer a clearly
positive contribution to sustainably improving the product properties and their possible applications. In
addition, the idea of sustainability can be strengthened through the use of natural and 100 % biodegradable
binding agents. In this way, the permanent move away from petrochemical-based solutions with all the
associated dependencies can be further advanced.

C&D Technical Applications processes only controlled, GMO-free wheat from predominantly German
cultivation. Thanks to the large share of local wheat, we keep the transport routes as short as possible. The
renewable raw material is available throughout the year and is not subject to quality fluctuations.

With the wide range of highly functional wheat-based products, C&D Technical Applications (part of Crespel
& Deiters Group) offers customer-specific solutions for the technical applications of numerous industries in
the non-food sector. We develop and optimise products and manufacturing processes from wheat-based raw
materials such as wheat starch in close cooperation with our customers. This way, we can make the
production of end consumer products more economical and environmentally friendly. We aspire to working
with the customer and creating tailored solutions for his specific set of objectives.

It is therefore clearly too easy to consider the use of binders merely as a cost driver or a necessary evil.
Rather, they are essential for increasing performance and a door opener to new application possibilities that
should be considered holistically on a case-by-case basis.

However, the user is not left alone with this challenge. The first edition of an efficient tool is currently being
released to provide support.

C&D Technical Applications has developed a software solution that enables users to dose only as much
binder as is absolutely necessary and as little water as possible. The Crespotec® Compaction Optimiser is
an online calculation tool for a formula recommendation for the agglomeration of various raw materials. In
agglomeration, the optimal dosage of binder and water is crucial for ensuring an optimised process. The
Crespotec® Compaction Optimiser helps the user to reduce customers operating costs by minimising drying
costs, while simultaneously increasing your system performance. Adjustments to formulas if necessary due
to fluctuating raw material qualities, can be made quickly.

In view of the requirements, we focused the development of the starch-based formulations from the
Crespotec® binder family on two areas in particular.

1. Improved water resistance allows for easier outdoor storage of end products. In addition, this concept
offers the opportunity, e.g., when used as a fertiliser to control the release of ingredients into the soil.

2. In afirst development step, a hot strength of up to approx. 620 °C was achieved. For the upcoming
phase of development, we expect a possible hot strength resistance of >1.300 °C, which can be
highly interesting for the iron and steel industry.

128



Freitad

20

Janner
09:00-12:30 Uhr

Workshop
Nahwarmeverbund 4.0

Friday

20

January
09:00 am-12:30 pm

Workshop
District heating network 4.0



Aktuelle Herausforderung aus Betreibersicht

Anton Taschner
HTL Maschinenbau/Kriminalbeamter LPD Wien, Chefinspektor
Obmann der Bio Fernwérme Sieggraben e. Gen.

Obmann des Biomasse Heizwerkeverband Burgenland

Auf Grund meiner 25jahrigen Erfahrung als Obmann der Bio Fernwarme Sieggraben und als
Grundungsobmann des Heizwerkeverbands Burgenland kann ich auf zahlreiche Erfahrungen aus der
Praxis zurlickblicken. Als Initiator erlebt man alles von Beginn an mit. Mitglieder/Kunden werben,
Planungen, Forderansuchen, Ausschreibungen, Vergabe, Bau, Inbetriebnahme, Warmeabnehmer-
beratungen, Rechnungsprifungen, Mangelrigen, Férderabrechnung usw. Die Fernwarme Sieggraben
wurde standig weiter ausgebaut, 2010 wurde eine Photovoltaik Anlage mit 20 KWpeak auf das Dach des
Heizwerkes gebaut, 2019 eine Holzverstromungsanlage in Betrieb genommen. Diese erzeugt so viel Strom
wie alle Hauser in Sieggraben verbrauchen. 2022 wurden die Statuten erweitert. Die Genossenschaft wird
in Zukunft nicht nur Warme, sondern auch Strom liefern.

Zusammenstellen eines Teams fir Vorstand, Aufsichtsrat, Geschéaftsfiihrer, Revision wie auch Festlegung
von Heizpreisen im Ein -und Verkauf, Indexklausel, Vertrage.

Zu Beginn brennt das Feuer noch in jedem. Dies lasst je nach Bereitschaft und Identifikation mit der
Fernwarmegenossenschaft, aber auch aus beruflichen, privaten oder diversen anderen Griinden, bei vielen
Mitarbeitern im Laufe der Zeit merklich nach. Zum Ende hin bleibt der Obmann als Stitze fir den Betrieb
dbrig. Er ist dann M&adchen fur Alles, generell zustandig, verantwortlich, bekommt kaum bis gar keine
Unterstitzung, muss rund um die Uhr greifbar sein. Sein Aufgabengebiet umfasst Kunden
(Mitglieder/Warmeabnehmer), Lieferanten, Holzbeschaffung, Heizbetrieb, Versicherungen, Service-,
Reparatur-, Priffirmen, Steuerberater, Revision, Gesetze, Genossenschaftsrecht. Je mehr sich der
Obmann engagiert, umso mehr hat er auch zu tun.

Dies kann auch damit begriindet werden, dass alle burgenlandischen Fernwarmegenossenschaften
Abnehmergenossenschaften sind. Somit ist jeder Warmebezieher automatisch Mitglied der
Fernwarmegenossenschaft. Es haben sich nicht ein paar Bauern zusammengetan um einen Ort zu
versorgen, sondern die Hausbesitzer wollen eine gesicherte, umweltfreundliche, nachhaltige und
kostengiinstige Warmeversorgung. Die Genossenschaften sind nicht auf Gewinn ausgerichtet. Die
Organisationsstruktur ist extrem schlank gehalten. Mitarbeiter gibt es faktisch keine oder nur wenige
geringfugig Beschaftigte bzw. Freiwillige. Dies sichert giinstige Heizpreise und eine optimale Versorgung.
Ganz viele Vorstandsmitglieder in den Genossenschaften, aber vor allem die Griindungsobmanner, fassen
zurzeit ihren Rickzug aus Altersgriinden ins Auge. Nachfolger drangen sich in den wenigsten Fallen auf.

Um die bestehenden Fernwarmebetreiber zu entlasten und Zukiinftige beim Aufbau zu unterstitzen, wurde
2003 der Biomasse Heizwerkeverband Bgld. gegriindet. Anfangs gab es viele Interessierte sowie etliche
Neugrindungen. In Vorstandssitzungen und Stammtischen werden die Mitglieder informiert. Es werden
gemeinsame Aktivitaten gesetzt wie beispielsweise gemeinsamer Einkauf und Versicherungen . So konnte
ich beim gemeinsamen Stromeinkauf mit der Energie Bgld. fur die Jahre 2023, 24, und 25 einen Strompreis
von 14,27 Cent erzielen.

Herausfordernd ist auch die sich dauernd andernde Gesetzeslage. Diese muss permanent an die Mitglieder
weitergegeben und erklart werden. Durch die Mitgliedschaft des Verbandes bei der ABINA sind wir hier
bestens informiert, unterstiitzt und immer am neuesten Stand.

In Zukunft wird es immer schwieriger neue Obmanner zu finden. Nur Wenige wollen diese Verantwortung
gekoppelt mit dem immensen Arbeitsaufwand tbernehmen. Aus diesen Griinden wurde auch schon eine
Fernwarmegenossenschaft verkauft. Daher arbeitet der Vorstand des Vereins daran, eine
Betreibergesellschaft auf die Beine zu stellen. Dies sehe ich als gro3e Aufgabe fiir die nahere Zukunft. Auch
der Holzeinkauf gestaltet sich zurzeit sehr schwierig. Die Holzpreise flir Energieholz haben sich verdoppelt.
Es muss Uberhaupt vorgesorgt werden, damit geniigend Heizmaterial vorhanden ist. Hiebei missen die
Anlagen rechtzeitig reagieren und die Heizpreise erhéhen.

Optimieren-Rohrnetze sanieren, Energieeinsparungen bei den Verbrauchern einfordern u.v.a.m.
Letztendlich eine breite Palette von Aufgaben fiir die ndhere Zukunft.
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The popularity of wood as a raw material is increasing rapidly, and with it, the amount of waste wood.
In Austria, around 1.22 million tons of waste wood and 4.22 million tons of wood residues accumulate
annually. Most of the wood residues is used for the production of chip- and fibreboard, or for thermal
recycling. The physical properties such as the size and shape of the input material and the mechanical
stability are decisive for the utilization of waste wood in the floating fixed bed gasification process. There
is hardly any literature or research on the properties of waste wood in thermochemical gasification.
Above all, chemical changes or changes in strength properties due to the aging process of the waste
wood, are not considered in detail in the literature. Hence, there is a great need to analyse the properties
of old and residual wood.

In the course of a staged wood gasification plant, the pyrolysis char has to show a certain mechanical
stability to ensure a sufficient gasification in the floating fixed bed reactor. Therefore, the pyrolysis
process has to be investigated more closely. First investigations by NuRbaumer and Gurtner show a
strong dependence of the mechanical stability of the pyrolysis coke on the pyrolysis conditions. A clear
difference between waste wood and forest residue material (which is standard material in floating fixed
bed gasifiers) could also be shown.

These investigations will be deepened with regard to the raw material properties. On the one hand, the
focus is on investigations of chemical changes during the aging process of wood, in particular the degree
of lignification of the raw material. Therefore, the chemical composition (lignin, cellulose, hemicellulose)
of different waste wood samples is analysed by wet chemical extraction and subsequent HPLC analysis
according to the standard NREL methods.

On the other hand, the thermal conduction behaviour in the raw material particle is also examined in
order to be able to draw conclusions about the pyrolysis properties of the different input materials. For
this purpose, defined sample cubes (old and fresh wood, hardwood as well as softwood) were prepared
with thermocouples installed in the core and exposed to different pyrolysis conditions. The core
temperature was logged and evaluated with regard to thermal conductivity, but also the exothermic
behaviour during pyrolysis. These results show a clear difference between fresh and waste wood of the
same type of wood, but the types of wood also show clear differences in pyrolysis behaviour, among
themselves. These values are also related to the chemical composition of the feedstock and the
mechanical stability of the pyrolysis coke in order to be able to draw conclusions about the necessary
pyrolysis conditions in the gasification plant.

Acknowledgement: The financial support by the Austrian Federal Ministry for Digital and Economic
Affairs and the National Foundation for Research, Technology and Development, the Christian Doppler
Research Association as well as the participating companies is gratefully acknowledged.



Do recovered wood streams always fulfill criteria for
combustion?
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In theory traditional wood use is a circular process due to fixation and release of CO2 throughout its
entire product lifetime starting in the forest, ending with incineration and re-entering the circle in future
forests. In practice, wood use is much more a linear process, whereby cascade use at least provides
more application options originating from a single resource harvested at a time. Such a cascade use of
wood typically ends with combustion, however, mainly driven by fatalistic thinking — in other words
ignoring that even for energetic use, wood quality criteria are essential.

Re:use of recovered wood is not new, but currently gains further interest; e.g. driven by the EU green
deal. By now, main portions of recovered wood go either towards the particle board industry or end up
in industrial or municipally HPs or CHPs. The differentiation among these material streams is driven by
material quality and market situation (e.g. price, availability, contracts). The current development
towards a real circular application of wood in all dimensions, especially with focus on solid wood and
adhesive bonded wood resources will lead to changed market conditions. Hence high-quality material
will be kept in the material circle. Quality criteria do not only cover the primary functionality (e.g. static
properties), but also soundness. On the other hand, contaminated wood (e.g. from wood
preservatives, surface treatments, glue, burning) will be consequently rejected from such circles. This
will lead to higher portions of such quality assortments of recovered wood materials potentially
available for combustion and a rising risk regarding the exceedance of existing threshold values.
Different legal documents apply as it comes to application of recovered wood. Requirements for the
classification of recovered wood streams vary between European states, such as it is the case in
Austria and Germany. The Austrian Recyclingholzverordnung requires the sorting of recovered wood
streams and defines materials, that definitely have to go for incineration (e.g. windows, doors,
preservative treated wood, fibreboards, contaminated wood, wood in combination with further
residues, burned wood), and excludes others from any re:use at all (railway sleepers, pols, workshop
floorings, storage bins for munitions). In this respect, it is questionable if these categories cover real
material quality variations effectively, and if a simple sorting process can guarantee flawless
processing of all recovered wood streams or suits just the ones meant for high value applications.

This study presents results from chemical analysis of recovered wood including a wide range of
original applications. The analysed material originated primarily from wooden windows and historical
wood applications such as floorings, non-weathered construction elements, or facades. Overall, the
investigations focussed on the material state at its end of life (EoL), hence covering all originally
applied ingredients, including some that might be restricted by now and that don’t represent the
current state of the art for construction products. The utilisation history of recovered wood components
is often unknown. Even if initial information about the products is available, later surface treatments
are commonly not recorded. This information gap can only be closed by detailed (chemical) analyses
at the EoL.

Results show typical contaminations, both relevant for solid material re:use as well as for combustion.
Aged windows e.g. often exceed heavy metal thresholds, problematic substances mostly originate
from surface coatings. Frequent critical compounds in connection with recovered construction wood
include heavy metals and halogens. In this case the source can most likely be found in a treatment
with biocidal preservative products or the application of fire retardants. Even for state-of-the-art
building products, material aging accompanied with release of such substances is known. However,
contents of such substances at EoL, both for historical and recent buildings products made of wood,
are unknown. They can’'t be assumed for material entering further life cycles or waste streams
entering the energetic pathways.

The study demonstrates the potential of a regular industrial quality control and the necessity of
analytical methods beyond the normative requirements. The results imply that quality control of
recovered wood, independent from its intended use, should be strict, in order not to undermine
environmentally driven processes (e.g. circularity) by environmental risks.

Results are based on Bau-Cycle (ACR SP-2020-01), FFG-Nr. 878049, and FFG-Nr. 38863385.
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In the last years several projects have been carried out where the influence of the woody raw
material, the species of trees, the chipping process, the storage conditions etc. on the fuel
quality and the respective parameters have been analysed. A still open question was the
quality of the solid biofuels in the storages just before the combustion.

It is generally acknowledged that the qualitative properties of the biogenic solid fuel have a
strong influence on the combustion behaviour and the emissions of biomass heating
appliances, especially in small scale furnaces with no secondary flue gas treatment. In
international standards (EN ISO 17225 series) the relevant parameters and limits for these
parameters are defined.

In a three years lasting monitoring project 259 wood chip samples were taken, processed,
analyzed and classified. The results were compared with the limits set in the respective solid
biofuel standards. The main test results were communicated to the operators of the plant via
Email.

The water and ash contents were in a very low range in the majority of the samples. This
results in unexpectedly high specific energy contents (e.g. average bulk density multiplied by
average calorific value >1000 kWh/loose m?). This shows that the operators attach
importance to the fuel quality used in their furnaces and are actively striving for it.

The results of the bulk density (mean value 260 kg/m?) indicate an evident proportion of
hardwood in the samples. The grain size distribution (165 samples P31S) reflects practice.
Due to the chipping technology used (drum chipper with appropriate sieve), the sample
results are homogeneous.

As can be expected with wood chips, the results of the determination of the ash melting
behavior are mostly in the harmless range. A few outliers may be due to secondary
impurities.

The contents of the major and minor elements are similar to relevant literature values (e.g.
www.phyllis.nl).

The installation year of the furnaces, in which the wood chip samples were taken, was
between 1982 and 2019. On average, 630 loose cubic meters of wood chips per heating
season per system are used to generate heat. The smallest annual consumption was 30, the
largest at 6,500 loose cubic meters of wood chips.

The bark beetle calamities in spruce and the ash dieback have contributed to the fact that
trunk wood that can hardly be sold was processed into wood chips. This may be a major
reason for the high quality of the fuel samples examined.
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The energetic use of lignocellulosic biomass in heating plants produces over 250.000 tons per year of
biomass ash alone in Austria. Meaningful and cost-efficient utilization options for this resource stream
are necessary. Ashes from biomass combustion increase soil pH and contain valuable nutrients, such
as potassium, magnesium, and phosphorous, and are, therefore, used as fertilizers in the agricultural
and forestry sectors. For this use, however, ashes need to comply with certain limits for heavy metals.
Since the introduction of a new limit for Cr(VI) in 2017, a significant number of ashes cannot be used
anymore and has to be costly disposed of. Additional discussions on the accuracy of lab results initiated
a study in close cooperation with the Austrian Biomass Association and heating plant operators to
investigate and compare the influence of sample preparation and measurement techniques on the
determined Cr(VI) concentrations in biomass ash. Furthermore, a country-wide screening of the current
status of heavy metal contents in ashes from Austrian heating plants, with a focus on Cr(VI), was
performed.

For the determination of Cr(VI) in ashes from biomass combustion standardized methods (EN 16318 A
and B) are recommended. These methods are based on procedures for fertilizer or landfill waste
analysis and allow different extraction methods as well as a variety of different detection techniques.
Aqueous and hot alkaline extraction in combination with three independent detection techniques -
photometry, ICP-AES, and HPLC-ICP-QQQ-MS - were investigated for their influence on the determined
Cr(VI) concentrations in biomass ash. Based on the results of this systematic investigation, 84 ashes
from more than fifty combustion sites in Austria and their respective biomass-feedstocks were
subsequently analyzed for their total element and Cr(VI) content.

All three independent detection techniques generated comparable Cr(VI) contents, were validated with
a certified reference material, and are, hence, suited for the determination of Cr(VI) in ashes from
biomass combustion. Our findings showed, however, that the applied extraction procedure has a
significant impact on the determined Cr(VI) content. Due to longer extraction times and higher
temperatures, alkaline hot extraction yielded significantly higher results than aqueous extraction. On the
other hand, the latter better simulates eventual leaching of heavy metals into the environment by rain,
and was, therefore, chosen for the screening of ashes from Austrian heating plants. The results of the
screening study clearly showed that Cr(VI) is the predominant parameter inhibiting legal decentral soil
application of biomass ash in Austria and the urgent need for further investigations into limiting this
species in ash.
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Aim:

The aim of this study, carried out as a part of the BIOFMET project, is to optimize energy production
based on solid biofuels through more accurate and faster on-line determination of parameters impacting
the calorific value (moisture, impurities, ash-content) and the combustion. This is found to be a major
challenge of today e.g. in connection to wood chips being a relatively inhomogeneous material, where
knowing water content and calorific value is of key importance for fair price as well as an optimal
combustion.

The objectives of the project:

. To develop traceable online measurements for water content in solid biofuels

. To develop improved methods for the sampling of biofuels

. To develop validated methods for the at-line measurement of ash content.
Results:

In this paper the project and some of the already obtained successful results will be presented:

. Two new moisture transfer standards are developed for the calibration of on-line
equipment. They are non-destructive, non-invasive and fast and will be superior to
the very material-specific instruments currently available on the market.

. Traceability is ensured by new calibration methods based on reference methods or
Certified Reference Materials developed during the project.

. A representative sampling strategy aimed at reducing the uncertainty of sampling of
solid biofuels from trucks. Robots are developed, implemented and demonstrated.

. Advanced data-science techniques such as machine learning and deep learning is

applied to reduce the uncertainty of the on-line measurements.
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In Germany there are numerous biomass boiler systems and biomass cogeneration plants. In order to operate
economically, these plants must increasingly be able to process fuels of lower quality, including biogenic
residues. Most systems are basically capable of doing this and some also have appropriate programs for the
respective input materials. For fuels such as forest residues or bio- genicresidues, however, the parameters
usually have tobe setmanually. Thisis time-consuming and requires a lot of experience.

In the end, it is a question of adjusting the combustion control in such a way that a stable com- bustion
process with high combustion quality of solids and gas phase and thus a high degree of efficiencyisachieved.
Incorrectfiring adjustments lead to higher emissions and, inthe worst case, to higher wear with subsequent
maintenance and downtime. This is where digital technology comes into play: If advances in control and
regulation technology make it possible to run lower fuel qualities with the same output, there will quickly be
an economic benefit.

With a focus on the range from 100 kW to 20 MW thermal output, biomass plants are to be optimized in
the following areas:

* Increase in fuel flexibility,

* Increasing availability and reducing downtime,
* Reducing emissions and

* Increase in efficiency.

In order to achieve the planned goals, a large amount of information about the input material used was
obtained by means of image recognition, evaluation of acoustic signals and moisture sensors as well as
drying of a partial flow of the fuel. The various components were integrated into the feeding system of a
grate furnace (thermal output: 440 kW). The data obtained, e.g. regarding fuel composition and quality, is
evaluated using machine learning methods or artificial neural networks. The information from the various
modules is then made available to the user online. A recommendation is given when the appropriate fuel
arrives at the selected setting in the furnace and which parameters the user should adjust. The systems were
firsttrained with different fuels (wood chips from logs and forest residues, pellets and sawdust) and then
tested during combustion experiments with selected fuels. During the lecture, the various modules as well
as the results from the combustion tests will be presented.
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Future hybrid energy systems require flexible technologies for compensating the volatile nature of most
renewable energies. As such, fixed-bed biomass gasifiers are especially relevant as they allow a flexible
production of heat, electricity and in a broader sense bio-based products (e.g. biochar). Thus, flexible
fixed-bed biomass gasifiers will continuously become more relevant for a sustainable and highly flexible
energy and resource system (bioeconomy).

However, due to their current economic dependency on specific feed in tariffs for the produced
electricity, they are almost always operated at nominal load, to maximize the electricity production. Thus,
their potential for flexibility has not been revealed up to now. Consequently, the currently applied control
strategies are typically designed with the focus on steady-state operation. Any operation differing from
nominal load typically requires manual interventions of the plant operators to avoid lower efficiencies or
operational difficulties. Thus, currently applied control strategies do not allow a fully-automatic and
flexible operation of the gasifiers.

To unleash the full potential of the gasifiers’ flexibility, new and more advanced control strategies able
to handle varying operating conditions automatically are required. For this reason, this contribution aims
for the development of a model-based control strategy, since it allows to explicitly consider all the
correlations between the different process variables, and an efficient adaptation of the control strategy
to different plants. The development was carried out on the basis of a representative industrial small-
scale fixed-bed biomass gasifier operated as combined heat and power plant (CHP) with a nominal
capacity of 300 kW and 150 kWei. In this contribution we present the developed method as well as the
practical verification of the model-based controller for the industrial small-scale fixed-bed biomass
gasification plant.

The practical verification revealed a significant potential for flexibility increase by the new model-based
control strategy in comparison to state-of-the-art control strategies. For example, the new controller
performs a step-wise load change from 150 kWe to 100 kWe (-33%) within less than 2 min without
affecting the gasification performance. The new control leads to a much more homogeneous
gasification, in particular during partial load operation, and reduces the fluctuation margin of relevant
process parameters to less than 1%. This controlled stabilization and homogenization of the gasification
at different operating conditions is also a prerequisite for further future flexibilization measures, e.g. the
extension of the feedstock variety (fuel flexibility) or increasing product flexibility.

Due to the modular and model-based design, the new control strategy can also be implemented on other
fixed-bed gasifiers of the same type without requiring any structural modifications, by solely adjusting
the model parameters appropriately. Furthermore, the new control strategy makes only use of sensors
and actuators typically already available in state-of-the-art fixed-bed gasification systems. In conclusion,
the model-based control strategy to be presented states a very important contribution towards flexible
fixed-bed biomass gasification systems.
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Complete decarbonization of the heating sector is currently a major challenge. Biomass-based district
heating networks and systems play a central role in sustainable heat supply covering around 2,400
systems in operation in Austria. Ongoing technical innovations, digitalization as well as systemic
changes in heat supply offer further potential to expand and strengthen this market position. In order to
increase efficiency as well as flexibility and meet future challenges, sustainable heat and waste heat
sources as well as infrastructures must be integrated and different energy sectors must be coupled.
Currently, district heating networks are mainly supplied centrally with a few generation plants, the use
of local resources requires an increased decentralization of heat generation. Due to the larger number
of generation plants on the one hand and due to the limited temporal availability on the other hand
(fluctuations), the degree of complexity and the need for flexibility options increases. Solutions and
elements such as heat storage (centralized, decentralized), coupling of energy sectors and
infrastructures, predictive control concepts and the integration of users and stakeholders will be of great
importance in future. In parallel, highly integrated planning, implementation and operational
management processes will gain great importance, e.g., new facets of spatial energy planning, life cycle
analysis, stakeholder integration as well as data analysis and monitoring for efficient operation.
ThermaFLEX" explicitly had the ambitions to tackle the challenges and to demonstrate the developed
solutions in 11 demonstration cases, so-called demonstrators. A methodology with three different pillars
was applied including a) technical measures, b) systemic approaches and c¢) non-technical measures.
A wide range of different measures, heat sources and flexibility elements were developed and the entire
process (from problem identification, concept development, detailed planning and implementation, data
monitoring and optimization, system evaluations to the development of best practices and roll-out
scenarios) was accompanied. The demonstrators differ largely in scale, type of challenges addressed
and solutions demonstrated. In the following, we introduce the biomass-based demonstrators, highlight
their innovative elements and give a brief overview:

e Gleisdorf: The central element was the coupling of district heating with the municipal waste-water
treatment plant providing thermal energy from the wastewater and biogas. In addition, an innovative
control system, the "virtual heating plant", was implemented.

e Mirzzuschlag: Integration of a large solar thermal plant (about 5,000 m?) in combination with storage
(180m?3) was realized. Solar yield expansion by another 2,000 m? and additional storage capacity is
planned for early 2023.

e Leibnitz: 100% renewable heat and complete natural gas phase-out by using fluctuating waste heat
and bidirectional interconnection of the existing district heating networks. Optimization through high-
level energy management system for both, district heating network and heat generation operation.

e Saalfelden: Development of a holistic multi-stage modernization concept. Stage 1 (technical
modernization) was finalized in 2020 and stage 2 (integration of a heat pump to further increase
efficiency) is planned for 2023.

In conclusion, implementations were already realized within the linked demonstrators and showcase the

great potential of the developed elements and solutions for the decarbonized heat infrastructure in

different Austrian biomass-based district heating networks.

! This project is supported with the funds from the Climate and Energy Fund and implemented in the framework
of the RTI-initiative “Flagship region Energy”.
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As the transition towards a carbon neutral energy system progresses, the integration of renewables
delivering fluctuating energy (solar thermal, photovoltaics, wind power) increasingly requires other forms
of carbon neutral energy sources to either provide the base load or to provide flexibility to stabilize the
grid or network. Biomass-based technologies (biomass steam / thermal oil boilers, biomass gasification
and biogas CHPs) are uniquely suited to fill this gap since their output can be modulated, they can
operate all year round and, at least in countries with established sustainable forestry such as Austria,
they can be regarded as sustainable and carbon neutral.

By participating in the electricity markets, either directly or as members of a pooling solution, they can
play an active role in the stabilization of the grid. Even the participation in balancing energy markets (at
least at the secondary and tertiary level) is theoretically possible — wood gasifiers, e.g., can be made
fast enough with advanced control engineering®.

However, as with all caloric power plants, the CHPs require a sufficient amount of heat demand matching
the electricity demand in order to be truly efficient. Ideally, the plants are connected to heating networks
which provide some degree of flexibility, possibly through the use of heat storage. Using forecasts of
the heat demand and a model of the storage capabilities then allows to optimize the operating schedule
of the plant, thus being able to profit from high electricity market prices and to avoid selling at low prices.
In the absence of thermal storage, or if it is not big enough, an active modulation of the demand profile
by demand side management (DSM) measures can provide some flexibility in the market participation.

In our presentation, we will present the idea and first results from the project BioControl4Power, where
we provide an overview of the possibilities of electricity market participation of biomass-based CHP
technologies and how, based on fluctuations in energy prices, operators can benefit from employing an
optimized operating strategy that actively uses the flexibilities offered by both thermal storage and DSM
measures in the heating network. The operating strategy will be the result of a model-predictive
controller (MPC) currently under development which orchestrates not only the different producers of
power and heat and generates plans of operation that are communicated to the energy trader, but also
actively integrates the DSM measures and includes this flexibility potential in its optimization. The MPC
is part of a framework that is modular and can easily be adapted to different energy hub configurations.

Based on simulation studies of two demonstrators covering different biomass-based CHP technologies
and equipped with the necessary ICT infrastructure to obtain online measurements and perform
validating experiments, the networks of Reidling and Melk, different DSM measures in combination with
model-predictive control will be evaluated. The results will showcase the load shifting potential in typical
networks and the associated economic benefit from optimized market participation. Based on the
simulation results the possibilities for electricity market participation of biomass-based heating networks
with CHP technologies, and in particular the technical and economic boundary conditions will be
evaluated.

1 Hollenstein, C., Zemann, C., Martini, S., Golles, M. Felsberger, Horn, M.: Increased flexibility of a fixed-bed biomass gasifier
through advanced control. Proceedings of the 30th European Biomass Conference and Exhibition, 2022
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Charcoal, or char, is the solid carbonaceous residue originating as a by-product during the thermal
treatment of biomass through gasification. Although char is usually disposed as a special waste, with
subsequent high economic costs and environmental impacts, it can be suitable for different industrial
applications, since it is characterized by interesting properties.

The present work has been carried out within the BioPolyComp project (Biochar polymer composites with
specific properties for innovative applications in material technology), that aims at testing char application
as additive in polymer composites, to improve their mechanical, thermal and chemical properties.

In the present work, char residues were collected from four different commercial biomass gasifiers and
thoroughly characterized. Chemical analyses i.e., ultimate, proximate analysis, as well as physical
characterization i.e., physisorption analysis, particle size distribution, were carried out at the Bioenergy and
Biofuels Lab of the Free university of Bozen-Bolzano. Electrical conductivity analyses were performed at
the partner Institution of TU-Graz, while polycyclic aromatic hydrocarbons (PAH) presence was investigated
by an external laboratory.

The results show that gasification technology and the feedstock characteristics affect char properties. In
particular, among the different operation parameters, gasification temperature strongly affects char
characteristics e.g., in a 50 °C temperature range there can be variations of 10 % of its carbon content.
Chars from gasification were also compared with carbon black (used as standard filler in polymers) and
with pyrolytic chars obtained in pilot scale plant at the leading Institution (BEST) premises. It has been
found that char obtained from pyrolysis showed lower ash content i.e., higher carbon content, and higher
hydrogen and oxygen content. Moreover, pyrolysis milder conditions allow for higher volatile chars
production, that are also characterized by lower specific surface area than gasification chars.

The results obtained in this study have been used for further investigations that aims at producing and
testing biochar-polymer composites with different mechanical and thermal properties for different
applications in material technology. Hence, the whole project paves the way for new valorization routes of
char for innovative applications and gives an interesting opportunity to the polymer manufacturing sector
using char as a low-cost substitute for carbon-based fillers.
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Polymer composites are being used in many high voltage applications such as insulation in electric
cable joints, motors, generators, and in HV field grading elements. The electric properties of these
composites can be tailor made to fit requirements by adding filler materials. Carbon black is one of the
most commonly used electrical filler materials due to its good electrical conductivity and graphite like
properties. However, the means of producing carbon black are not environmentally friendly. Therefore,
there is an interest in use of less expensive and more environmentally friendly fillers recently. Biochar
is one such alternative filler material that is biodegradable and environmentally friendly.

Biochar is a carbon rich product obtained from pyrolysis of biomass and other biogenic wastes.
Biochar displays good electrical conductivity and excellent cation exchange capacity that varies based
on the pyrolysis temperature. In order to utilise polymers doped with biochar as an alternative to
carbon black, information on the dielectric properties of biochar itself and polymers incorporating
biochar need to be explored. The dielectric properties of permittivity, dissipation factor, and
conductivity are used to characterise these polymer composites with respect to the char content.

Experimental results indicate a rise in the permittivity and conductivity of the polymer composite with
increasing biochar content. Polymer composites with high amounts of biochar cross over the
percolation threshold and show properties that classify them more as conductors than as insulators. In
addition, measurement of these parameters at higher temperatures revealed an increase in all the
parameters.

Biochar doped polymer composites show potential to be used in applications for field grading in AC
and DC due to suitable dielectric properties. Custom-made insulators can be produced by 3D printing
of the biochar polymer composite to fabricate and optimise composites with tailor made dielectric
properties. Additional applications and areas in which these custom-made polymer composites can be
utilised is a point of contention for further investigation.
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CarStorCon® Technology - How does it work?

We have developed an aggregate that reduces the COz-footprint of mineral based building materials
up to 100% and can also demonstrate improved material properties in the final product.
Our newly developed additive, Clim@Add®, consists of up to 94% technical carbon that results from a
climate-positive energy system. By substituting 15% of cement with 15% of Clim@Add®, we produce
a carbon sequestering concrete with similar and even better material properties than the reference
concrete (C25/30).

We create carbon sinks in construction materials

With its immense and increasing demand, the building industry has a huge potential and responsibility
to positively impact worldwide emission reduction. With our technology we enable the active and
permanent removal of carbon out of the carbon dioxide cycle and its storage in building materials and
support the industry on its way towards more sustainability.

The production and incorporation of biochar (also known as "Pyrogenic Carbon Capture and Storage -
PyCCS") is one of the most advanced Negative Emission Technologies (NET) currently available. It is
a market-ready technology, available today, can be scaled up quickly, and is also energy self-sufficient.
Pyrolysis has low investment costs and can be integrated into existing systems as a plant extension.
The resulting carbon sink certificates can be traded on the voluntary carbon sink market or used to
offset one's own unavoidable emissions.

We have optimized the use of biochar in construction materials and lifted the untapped potential of a
new and innovative resource for the construction industry. We develop solutions to support the industry
with sustainable material alternatives and resilient delivery chains. When incorporated into building
materials, such as concrete and asphalt, permanent and stable carbon sinks are created to a much
greater extent than in other industrial applications. An additional emission reduction is created by
replacing resource-intensive primary raw materials, such as cement. The carbon-based additive
Clim@Add® enables the substitution of up to 15% cement compared with a comparable reference
concrete. The effect of the biochar-based carbon sink can then offset the carbon footprint of the
remaining cement and hence lead to a climate-positive building material.

Acting locally - protecting the climate globally

In addition, local procurement and short transport routes also play a role in the sustainability balance of
the innovative building material. The technical carbon is based on a regionally produced basic raw
material. For functionalization, the additive is added, and the projects are realized with local building
material manufacturers. We collaborate with regional residual material recyclers and disposal
companies, energy suppliers and pyrolysis plant operators and we close local recycling loops. The
admixture does not require any special logistics and, due to the local solution development, can be
deployed at any given location.
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Bio-based carbons were used as fillers in poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV). The
mechanical and electrical properties of these 100% bio-composites were analyzed. Bio-carbons were
prepared from wood dust and cellulose fibers using carbonization temperatures ranging 900 — 2300 °C.
XRD revealed significant improvements of the graphitic structure with increasing temperatures for both
precursors, with slightly higher ordering in wood dust based carbons. An increase of the carbon content
with continuous removal of other elements was observed with increasing temperature. The carbonized
cellulose fibers showed an accumulation of Na and O on the fiber surface at a carbonization temperature
of 1500 °C. Significant degradation of PHBV was observed when mixed with this specific filler, which
can, most probably, be attributed to this exceptional surface chemistry. With any other fillers, preparation
of injection-molded PHBV composites was possible without any difficulties. Small improvements
compared to the mechanical performance of neat PHBV were observed, with carbonized fibers being
slightly superior to the wood dust analogues. The fiber-based samples slightly outperformed the
corresponding wood dust samples in terms of modulus, HDT and impact strength. No influence of the
carbonization temperature on the mechanical performance was observed, but the higher filler content
led to increased modulus and HDT as well as decreased elongation at break. Generally, only slight
differences were found, which, we assume, is connected to the low L/D, which was only approximately
12 for the fibers samples. Even in the electrical conductivity, no impact of the carbonization temperature
could be observed, despite significant differences in the graphitic structure of the used carbon fillers.
The filler content or the L/D were too low to reach a conducting network at a filler content of 10 vol%. In
the range of 15 — 20 vol% carbonized fibers, the percolation threshold could be reached, resulting in
electrical conductivity of 0.7 S/cm. For comparison, polypropylene composites using cellulose fibers
carbonized at 2000 °C were prepared, reaching a higher L/D of 19 and achieving percolation already in
the range of 5 — 10 vol.% CF. However, compared to composites with commercial CF, higher electrical
conductivity was achieved when using carbonized cellulose fibers. This could be attributed to the
different structures of the used CF. While the commercial PAN-based CF are completely straight, the
cellulose-based CF are usually curved and tend to interlock quite easily. Therefore, it could be expected
that the formation of a tighter conducting network might occur.

Overall, the results show great potential for composites with biomass-derived carbons in electrical
applications. Even though man-made cellulose fibers have been used in our study, we assume that the
results should transfer well to other materials, including natural fibers or textile waste.
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There is a push to resort to new technology to stop the negative impact created by conventional energy
technologies. Combustion engines emits carbon dioxide which is largely responsible for the global
warming. In addition it also emits other harmful pollutants: carbon monoxide, sulfur dioxide, nitrogen
oxides, ozone, volatile organic compounds, aromatic hydrocarbons etc. which poses direct health
hazard to people exposed regularly.

Envisage a device that could absorb the most abundant element in the universe and convert it into
electricity, heat, and water, without emitting any harmful pollution. Sounds too good to be true? But,
such a device exists—the fuel cell.

A fuel cell is, in a way, a battery that could be refuelled (as opposed to recharged). Fuel cells generate
electricity by combining oxygen and hydrogen (or a hydrogen-rich fuel source) in a chemical reaction,
and continue to operate so long as fuel is supplied. When pure hydrogen is used, the only by-product is
heat and water—there are no harmful emissions at all.

Membrane electrode assembly (MEA) is the main part of the fuel cell where the reaction takes places
leading to electricity generation. For many applications, the loading of platinum as catalyst is still too
high for this technology to penetrate into the mass market. However, this high loading of platinum is still
necessary to achieve the performance and service life targets. Therefore, reducing the loading of
precious group metals is a preliminary challenge to low temperature polymer electrolyte membrane
(PEM) fuel cell community. The performance of the membrane electrode assembly (MEA) with low Pt
loading depends on the optimization of numerous parameters like catalyst activity, proton conductivity
of ionomer, ionomer to catalyst ratio, diffusion media, operating conditions, and last but not the least the
microstructure of the electrode, which is determined by the coating method. An efficient electrode with
low platinum loading and durable performance requires a thin but porous catalyst layer, in which the
catalyst particles and ionomer are homogenously distributed with a large surface area. Moreover, for
commercialisation the manufacturing process must be continuous like a roll to roll process. The overall
motto is to implement continuous process technologies like calendaring, blade coating etc. used in
polymer composite processing to manufacture MEA.
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Due to the high availability of biomass, the Alpine Region is characterized by a high density of industrial
plants for the conversion of biomass into thermal and electrical energy, chemicals, biofuels, etc.
Nowadays, industrial and academic research is focusing on the valorization of biomass residues with
the aim of minimizing waste, preserving resources and fostering the transition from a linear to a circular
economy. Despite the fast evolution of innovative technologies for biomass conversion and the
increasing knowledge on the topic, a point of connection and coordination among the Alpine Space
territories is still missing.

The Interreg Alpine Space project Alps4GreenC tackles this challenge by increasing awareness among
the Region’s stakeholders to promote the valorization of biomass residues. In particular, the project
investigates opportunities for biomass conversion to produce biochar in Austria, Italy and Slovenia.
Project activities include: i) crowdsourcing campaign to collect biomass residues and raise awareness,
ii) mapping of stakeholders and resources, iii) testing and piloting of biochar production and iv) context
and gap analysis of biomass conversion opportunities for green carbon supply.

First, a crowdsourcing campaign is carried out in the project countries (Austria, Italy and Slovenia) by
involving stakeholders in workshops, sending newsletters, publishing articles and social media posts.
Within the campaigns, local companies are asked to provide biomass residues, which they would like to
upcycle. After a preliminary evaluation, ten different residues are selected to be thoroughly characterized
and tested for biochar production in both pyrolysis and gasification lab-scale plants, while two residues
are selected for pilot-testing. Samples of the produced biochar are analyzed and sent back to the
participants along with recommendations on possible applications.

At the same time, a deep analysis of industry and innovation stakeholders is carried out to geolocate
stakeholders, resource paths and residues on an interactive map. The operating context (considering
sociocultural, political, economic and geographic factors) in the involved countries is analyzed. Besides,
a gap analysis is performed to compare current performances with the desired ones and provide policy
recommendations supported with best practice examples from the Alpine Region and beyond (EU).

The project is coordinated by the National Institute of Chemistry of Slovenia. Participating partners are:
Chamber of Commerce and Industry of Stajerska (Slovenia), BEST Bioenergy and Sustainable
Technologies GmbH and BioBASE GmbH (Austria), Free University of Bozen-Bolzano and AIEL (ltaly).

Acknowledgment: This work was carried out in the context of the Alps4GreenC project co-funded by
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Landwirtschaftliche Betriebe sind im Zuge der fortschreitenden technologischen, 6kologischen,
Okonomischen sowie rechtlichen Entwicklungen verstarkt mit der Erfassung von Daten bei der
Bewirtschaftung sowie deren Dokumentation am Betrieb konfrontiert. Ebenso gibt es die Tendenz der
steigenden Verbrauchererwartungen an die produzierten Lebensmittel, wie etwa in puncto
Nachhaltigkeit. Um den daraus resultierenden Herausforderungen besser entsprechen sowie den
Anforderungen der Landwirtinnen bei der Bewirtschaftung bessere Entscheidungsgrundlagen bieten zu
kdnnen, ist der Einsatz eines digitalen Werkzeuges fir das Management durch den Einsatz eines FMIS,
also einem Farmmanagement- und Informationssystem, denkbar. Welchen Nutzen ein solches FMIS
fir den Anwender haben kann, hangt unter anderem vom Anwender selbst, der Nutzerfreundlichkeit,
der Kompatibilitat, den rechtlichen Rahmenbedingungen und den verschiedenen Funktionalitaten eines
FMIS ab.

Der Einsatz eines FMIS ermdglicht die Optimierung der Bewirtschaftung, z.B. durch eine bessere
Dokumentation von Malinahmen und die Verknlipfung von Daten auf und um den Betrieb. Ein FMIS
kann den Einsatz von Precision-Farming-Technologien unterstitzen, insbesondere bei der
Fahrspurplanung oder der standortbezogenen Bewirtschaftung. Die Vorteile des Einsatzes eines FMIS
kdnnen vielfaltig sein, wobei neben der Einsparung von Betriebsmitteln generell die Arbeitsentlastung
bei der Dokumentation hervorzuheben ist. Es gibt viele Griinde, warum potenzielle Nutzer FMIS nicht
einsetzen. Der Nutzen liegt jedoch in den Funktionen und ganzheitlich in den bereitgestellten
Entscheidungsgrundlagen. Der Vorteil liegt in der Optimierung der Bewirtschaftung auf der
Managementebene und kann bei richtiger Anwendung zu 6kologischen und 6konomischen Vorteilen
fuhren. Der Einstieg kann zeitaufwendig sein, was aber nicht nur vom gewahlten System, sondern auch
vom Nutzertyp abhangt.

Um den Nutzen eines FMIS fir den Anwender darstellen zu kénnen, kann bei einem Systemvergleich
nach Kriterien wie Funktionen, Anbieterinformationen (z.B. Service, etc.), Allgemeine
Systeminformationen (z.B. Updates, Zugriffsmoglichkeiten, etc.) aber auch Bedienerfreundlichkeit,
Datensicherheit und Datenhoheit vorgegangen werden. Zentral fir den Nutzen von FMIS sind jedoch
die Funktionen die ein solches umfassen kann. Ausgehend von der digitalen Ackerschlagkartei, wo
samtliche MalRnahmen auf Schlagebene aufgezeichnet werden kénnen, stellt ein FMIS das digitale
Werkzeug fir das Datenmanagement bereit, um bei der Betriebsfihrung und Bewirtschaftung zu
unterstitzen. Der Trend im Speziellen geht in Richtung teilflachenspezifischer Bewirtschaftung in
Aussaat, Diingung und Pflanzenschutz. Hier kénnen Planung und Uberpriifung von MaRnahmen im
Feld besser unterstitzt werden.
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Minimising empty runs, waiting times and the effort required for coordination, which is usually done by
telephone, is a challenge, especially for agricultural service providers, contractors and harvesting chains with
several vehicles. Currently, the time and meeting point contractors and farmers are mostly coordinated by
telephone. The contractor is often guided to the exact location of the field directly by the farmer or via
telephone. After the time-consuming coordination, the yield and consequently the working hours for
processing the field can only be estimated at the field. Even if the farmer has previously indicated the size of
the field, the time required for the work only becomes visible on site. Planning of the schedule for a day can
only be a best guess and coordinated with the farmer shortly before the actual arrival.

With modern technologies, the workload can be estimated in advance, planning optimised and
communication between farmer and contractor supported. In FMIS Farmdok, this process is supported by
the following functions and modules:

e Creating a field with the Farmdok One-Click-Wonder (also available mobile on the smartphone).
The field position is marked on the map with one click and Farmdok automatically determines the
geo-contour and the size of the field from satellite data or contours from the previous year.

e Direct import from eAMA: Many contractors already offer complete packages for their customers,
e.g. crop protection in a package including records. The farmer provides all field data in advance.
In Farmdok, field data from the grant application can be loaded directly into Farmdok via an API
from eAMA.

e File import: If the field data are already available in the form of a Shape, XML or KML file, they can
be easily uploaded into Farmdok.

e Data shared directly from the customer farm. If the farmer is a Farmdok user, he can be invited by
a Farmdok Business Partner/ contractor to send the field locations digitally. The contractor
receives the field information without having to create it himself.

e '"Live sharing" of own position. Each driver sees the fields to be processed, can share his location
and sees as well where the other drivers are. Based on the track of the lead vehicle, it is
recognised what has already been worked on and what has to be done.

In order to optimise logistics and work planning, the amount of work and thus the yield or biomass in the field
must be estimated. In a joint project with Josephinum Research, an Al model was developed with which the
site-specific biomass can be predicted from satellite data. One of the biggest challenges in processing
satellite data in the visual and near-infrared range are atmospheric disturbances, such as clouds. Currently,
approaches such as linear interpolation of data are mostly used to estimate the status of vegetation in cloudy
conditions. Our new method uses Deep Learning with an artificial neural network (ANN) to predict vegetation
indices NDVI, LAI, NDWI, Clre from Sentinel-2 and weather data. The model estimates the growth and
status of the crops and the biomass in kg/m? under cloudy conditions, taking into account the weather.

Initial tests have shown that the prediction of the Leaf Area Index (LAI) achieves a Pearson correlation of
0.943. A Pearson correlation of 0.72 is achieved when estimating the biomass of grassland and forage.
Digital tools revolutionise many existing ways of working and offer a better way than previously possible. The
digital exchange of information enables efficient teamwork. Satellite and weather data can be used to
estimate biomass, optimising logistics and reducing manual work. That is, how our project contributes to
optimizing management and logistics with artificial intelligence, satellite data and digital tools.

1 Josephinum Research, Wieselburg
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In the course of several research projects, it was possible to achieve that every farmer in Austria can
implement site-specific management on his or her farm without having to rely on costly and technically
complex technology. Through the use of satellite imagery in agriculture, fertilisation can be carried out
in a more ecological and resource-saving way, which not only helps the environment but also the farm
itself in terms of management. Both software and guides for assistance were generated and evaluated
together with pilot farms in order to achieve the greatest possible practicality.

Online tools such as “TerraZo” offer farmers the possibility to easily generate fertiliser maps based on
satellite data. Once a personal account has been created, a platform is available on which the farmer's
own fields can be created and saved for further use. With just a few simple steps, ready-made
fertilisation maps are created and fertilisation recommendations are suggested based on suitable
models for the respective location and crop. These models are continuously expanded and evaluated
through numerous field trials in the most important arable farming areas in Austria. New findings from
science and research can thus be made directly available to farmers.

In order not to be dependent on new and expensive technology when using these fertilisation maps,
useful and free smartphone apps such as “GIS-ELA” are available. These tools visualise the previously
generated maps and thus help with orientation and navigation in the field. The farmer then changes the
application rate himself according to the available possibilities.

Within the framework of the Farm-to-Fork strategy, the goal of reducing the need for fertiliser by 20%
has been set. Based on field trials by Josephinum Research over several years, a saving in fertiliser
requirements of about 12% was achieved for winter wheat. By further optimising the models, the goal of
the European Union can be achieved in the future without having to accept a reduction in yield and
quality.

In addition, site-specific fertilisation makes it possible to identify sub-areas at risk of leaching and to
supply them specifically according to their nutrient requirements in order to keep nutrient surpluses and
the resulting environmental pollution as low as possible.
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Artificial Intelligence (Al) has gained popularity due to its high potential in different areas. Also in
agriculture, especially in arable farming, Al offers many use cases and potentials. These include
precision farming, crop monitoring and yield prediction, robotics, or improving supply chain
management. From an environmental standpoint, the European green deal and the common agricultural
policy (CAP) are aiming for pesticide reduction, halting soil degradation and biodiversity. Al can play a
key role in achieving these goals.

Precision farming involves using Machine Learning, a form of Al, and other technologies to collect data
on soil conditions, weather patterns, and other factors to optimize crop production and reduce the use
of resources such as water and pesticides. Al can also be used to monitor crops alerting farmers to
potential issues such as disease or pests. In arable robotics, Al is applied for process monitoring and
environmental sensing. In the supply chain, Al can be used to track the movement of goods and predict
demand, helping to ensure that the right amount of food is produced and distributed to meet consumer
needs.

Computer vision is the main area of Al used in agriculture, as the farmer's work is also based a lot on
visual perception. The source data for these applications usually comes directly from the ground
(smartphones, cameras mounted on robot or conventional farming equipment), unmanned areal
vehicles (UAV) or from satellites. Data collected on the ground not only include images also other sensor
data like multispectral sensors, LIDAR or radar sensors and various soil sensors can be integrated into
Al models. The area of multispectral sensing has gained popularity especially in UAVs and satellites.
Thereby, models are created not primarily on the basis of geometric but radiometric information.

Of the extensive use cases, some have already more or less arrived in practice, such as weed detection
or yield prediction. Other applications such as vision based plant pest and disease detection are still
being researched until they can be applied on a large scale.

There are several challenges that Al faces when it comes to agriculture. One of the main challenges is
the lack of high-quality data. Farming is a complex and dynamic industry, and collecting accurate and
reliable data is usually difficult. Additionally, there is often a lack of standardized data formats, which
can make it difficult to integrate different data sources. In many applications, especially in robotics,
integration into existing processes has not yet been optimized. However, these optimizations are
necessary in order to be able to use them economically.

Overall, the use of Al in agriculture has the potential to increase efficiency, reduce waste, and improve
the sustainability of the food system.
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Concrete is the most produced material in the world while being the second most consumed substance after water on
earth, and its production keeps increasing annually [1,2]. The worlds cement production capacity is currently higher than
4200 Mt per year, and 0.5 t of cement is utilized on average each year for every single person on the planet [2].
Production of 1 t cement emits approximately 0.5-0.6 tCOz2, and it consumes 2.8 GJ of energy [2]. Portland cement is
the most common type of cement in general use around the world as a basic ingredient of concrete or mortar which can
be used for all kinds of constructions as it is compatible with practically all conventional construction materials. Portland
cement produced out of a mixture of 80 wt.% limestone, and 20 wt.% clay minerals [3]. During the calcination process,
where calcite (CaCQO:s) is calcined by releasing carbon dioxide, 50 % of the CO2 emission is emitted while 40 % of the
CO: emission is related to the high temperatures (about 1450 °C) of the process. Finally, 10 % of CO2 emission are
caused by quarrying and transportation of the products [4]. In order to reduce the CO2 emissions in this process, the
clinker can be replaced by fly ash, calcined clays, slag, biomass ashes, and other reactive components [5]. The
previously investigated ash fractions were typically fly ashes generally coming from coal combustion plants. However,
since their characteristics (e.g. high K and Cl and C content) might be not suitable as well as they mark the lower share
of the ash fractions, bottom ashes might be better suitable. Also, the International Energy Agency predicted a gradual
reduction of clinker production over the next few years, which has a significant impact on reduction of global CO2
emissions [2]. In this respect, bottom ashes from the combustion of pelletized agricultural residues (rice husk, spelt husk
and washed foliage) were screened to be used as supplementary cementitious materials in both lab-scale (i.e., muffle
oven operated at 700, 800 and 900 °C) and bench-scale (i.e., commercially available boiler with a nominal heat capacity
of 50 kW). The produced ash samples from the solid biofuels were characterized in terms of chemical composition,
carbon content, slag formation tendency, pH value, porosity and reactivity. First results from the material screening
showed that spelt husk and foliage ashes have good performance as compared to rice husk ash or different siliceous
and calcareous fly ashes (SFA_R, SFA_I, SFA_E, CFA_P, and CFA_S samples in Fig. 1) from coal combustion studied
in literature [6]. Further analysis of the selected samples (Fig. 1) proved that pelleting spelt husk with only 1 wt.% d.b.
of kaolinite can stabilize the ash reactivity with respect to the investigated temperature range. In terms of homogeneous
product quality, this is also relevant for the ash production in real-scale boilers with fluctuating combustion temperatures.
Thermodynamic equilibrium calculations presented in Fig. 2(a-c) also confirmed different ash transformation chemistry
in the selected ashes. Combustion tests on bench-scale are currently underway to confirm applicability of the bottom
ashes as sustainable supplementary cementitious materials.
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Biochar could provide a substitute for fossil coal in industrial applications for which so far there is no
alternative to carbon-rich energy sources. An example is the metallurgic industry where a fuel with high
carbon content is needed, not only for energy input but also as a reduction agent. Biochar is
thermochemically converted biomass, a renewable resource whose carbon content is enriched by
heating under the exclusion of oxygen. For biochar production, different processes are technically
approved, which all somehow imitate the natural carbonization process. Carbonization can either be
done in a water/steam atmosphere or in a low oxygen/inert atmosphere like in nitrogen. Three
subprocesses to produce solid biochar can be distinguished: HTC, torrefaction, and pyrolysis. For
convenient handling, safety reasons, and maximum energy density, it is necessary to compress the
biochar. Densification in form of pelletisation is an established technology for untreated biomass.
However, for carbonized biomass pelletisation it has not been optimised and the way how pressure
rearranges, compresses, and deforms biochar particles for achieving mechanically durable pellets has
not been described in detail yet.

This work attempted to produce a solid energy-dense carbon-rich pellet fuel. Therefore, biochar was
produced from three types of biomasses (wood chips, miscanthus, sunflower seed shells) using three
carbonisation processes (HTC at 200 °C, torrefaction at 330°C, pyrolysis at 550 °C) and subsequent
pelletisation on a laboratory scale using a single pellet press. Three relevant parameters for pressing of
classical biomass were varied: water content (12 %, 18 %), binder type (starch, lignin), and binder
dosage (1 %, 5 %). Pressing procedure including die dimension and pressure was kept constant to
guarantee comparability. The aim was to determine the mechanical durability of produced pellets in form
of maximum compressive strength to describe different pellet qualities. In addition, fuel analysis of all
biochars was carried out to compare them with fossil fuels. In this respect, it was shown that torrefaction
and pyrolysis are suitable processes for converting biomass into coal-like states, whereas it was not
possible using HTC. All three raw materials showed carbon contents of around 70 % after torrefaction
and between 80 % and 85 % after pyrolysis. Additionally, the heating values were increased
proportionately, and the number of volatile compounds decreased.

Regarding pelletisation, it was found that the ability for pelletisation decreases with increasing
carbonisation degree. Pellets made from HTC biochar showed the highest strengths and pelletisation
was even successful without adding a binder. On the contrary, pellets made from pyrolysis biochar could
not be successfully compressed in most cases, even when adding binder up to 5 %. Nevertheless, it
was investigated that adding lignin as well as starch had a positive influence on pellet strength for all
raw materials and carbonisation techniques. The highest maximum compression strengths were
measured for HTC pellets consisting of material with 12 % water content and lignin as a binder. But for
pellets made of HTC biochar, there is a higher influence of the original raw material because of the lower
carbonisation degree compared with other examined parameters. Additionally, 18 % water content
resulted in hard but deformable pellets. They maintained a certain pressure but when it was increased,
they were crushed but not broken. For torrefied pellets, the highest compression strength was measured
on the sample with 12 % water content and starch as a binder. Here adding of binder was necessary for
successful pelletisation, and the strong influence of original raw material as seen with HTC pellets was
not observed. The project demonstrates that both binders, starch and lignin, investigated have a positive
influence on pelletisation and are even necessary for pelletisation of some biochar materials.

Keywords: Biochar, Pelletisation, Binders, Fuel characteristics, HTC, Torrefaction, Pyrolysis;
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INTRODUCTION

Char originating from biomass can be used as a sustainable carbon additive in the production of polymer
compounds with enhanced characteristics *>. The advantages are manifold: firstly, char addition might
improve the mechanical, thermal and dielectric properties of the composites and secondly, the
substitution of fossil carbon sources reduces the CO2-footprint of the composite production.
Furthermore, utilizing organic residues, e.g. from biomass gasification-based CHP-plants, can improve
the overall plant economy by generating a valuable side-product. Chars differ considerably depending
on their origin. Indeed, initial feedstock, conversion technology, reactive agents and operating conditions
strongly affect the final characteristics of the char. In order to assess the suitability of char in polymer
composite applications, the investigation of the char, the composite production processes itself and the
detailed characterization of the final products are fundamental. One objective of this work is to identify
correlations between char characteristics and properties of the final composite to determine
requirements on char as an BPC additive to achieve enhanced product qualities.

METHODOLOGY

Within the project, chars of different origin, 1) the solid residue from biomass gasification processes, 2)
pyrolytic biochar, are sampled and analysed. Threshold values such as moisture content, volatile
content, maximum particle size, enabling subsequent polymer compounding processes are identified.
Char parameters like ash content, fixed carbon, elemental composition, particle density, particle size
distribution, specific surface area, pore size distributions, structural constitution via Raman spectroscopy
are determined to investigate possible correlations to polymer composite properties. Gasifier process
conditions are varied in order to assess possibilities to improve the properties of the char residues
considering their application as carbon additive in polymers. During the subsequent compounding
process char is blended with various thermoplastic polymers resulting in different char-polymer
composites. These polymer composite samples are characterized regarding their applicability for
specific assignments. Two fields of application are targeted: 1) production of char-polymer composites
with adequate mechanical and thermal properties for 3D-printing applications and 2) functionalized
utilisation in high voltage (HV) technology as a semiconducting dielectric or a dielectric with high
permittivity for targeted field grading in HV-cables and cast-resin isolators.

RESULTS

First screening tests showed that the general processability of char as polymer additive producing
filaments for 3D-printing can be achieved, considering boundary conditions regarding the char
properties, such as content of volatiles, particle size, and limits of char to polymer ratios. Manufactured
polymer composite samples have been analysed on their dielectric properties and showed comparable
behaviour to fossil-based carbon sources, such as carbon black, employed as reference additive.
Systematic investigations on the influences of operating conditions during biomass conversion and
subsequent char treatment steps on the material properties of char itself and the final polymer
composite-product are currently in progress. Results will be shown in this contribution.

'N. Nan et al. (2015): The effect of bio-carbon addition on the electrical, mechanical, and thermal properties of
polyvinyl alcohol/biochar composites https://www.researchgate.net/publication
2 DeVallance et al. (2015): Investigation of hardwood biochar as a replacement for wood flour in wood-
polypropylene composites, https://journals.sagepub.com/doi/abs/10.1177/0095244315589655
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Following international and national requirements to combat climate change, the state of Tyrol has set
itself the goal of becoming energy-autonomous by 2050. Fossil fuels should be replaced by renewable
and domestic energy sources. As an innovative energy supply for renewable electricity and heat, wood
gasification in the floating fixed bed process is ideal in order to make the best possible use of the regional
biomass wood.

In contrast to the much-noticed geoengineering technologies, this process is not only able to extract
carbon from the atmosphere and store it for a long time, but the resulting biochar offers additional
potential for added value. One possible application of biochar is as an additive in liquid manure storage.
In addition to carbon sequestration, greenhouse gas emissions in agriculture can be reduced, thus
contributing to the targets defined in the European NEC directive. In the course of this research, it is
investigated whether biochar from the gasification process can be used to minimize ammonia and odor
emissions in liquid manure storage. For this purpose, a qualitative assessment of the adsorption
properties of biochar is carried out. In addition, the influence on the nitrogen and nutrient cycle is
examined, with the aim of achieving an optimal and economical mix between biochar and liquid manure.

Some studies have already proven the ammonia and odor reduction through activated biochar or
charcoal from pyrolysis plants. Since biochar is a by-product of the floating fixed bed process and thus
has considerable economic value, this biochar in particular is studied as an additive. The alkaline biochar
from the floating fixed bed gasification process possesses a particularly large inner pore surface and a
beneficial pore structure for its application as a versatile adsorbent. It is expected that more nutrients
remain adsorbtively bound on the biochar and thus in the liquid manure, moreover the adsorbed
nutrients are protected from leaching and therefore more readily available for plant growth.

For the qualitative and quantitative assessment of the environmental impacts, a life cycle assessment
(LCA) according to ISO 14040/ISO 14044 is conducted. Several mechanisms show potential for a
positive effect of biochar on the life cycle environmental impacts. Moreover, the decelerated release of
the nutrients ammonium and phosphate to the soil can reduce the demand for fertilization and thus
prevent eutrophication of water bodies and agricultural soil. However, adverse effects such as a pH
increase poses risks of increased ammonia emissions due to an equilibrium shift in the deprotonation
of ammonium. The consequence is an increase in the evaporation of ammonia. Depending on various
parameters in the production process and treatment of biochars, the influence on a solution’s pH value
can be either alkaline or acidic. In the case study different scenarios will be evaluated.

Carbon emissions are reduced by the incorporation of biochar into the soil through long-term carbon
storage. Thus, carbon is sequestered along the entire cycle from airborne COz2 via biomass in the form
of wood to biochar in the soil. It also seems possible that the entire life cycle of biochar is a carbon-
negative process, as has already been postulated in studies. Case studies in course of the LCA examine
several possible positive as well as negative effects of biochar addition to liquid manure. By
implementing biochar from wood gasification in the storage of liquid manure the SDGs 2, 3, 7, 13, 14
and 15 are actively supported.
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While most negative emission technologies (NETs) are technologically complex, e.g. requiring
carbon capture and storage (CCS) infrastructure, measures in agriculture, forestry and other
land-use change (AFOLU) activities and also the application of technically produced biogenic
charcoal in nutrient-depleted soils (biochar) can be realized with low technological effort. Thus,
these approaches can be much earlier on the timeline compared to CCS-based NETSs.

The present contribution addresses the possible revamp of a small to medium scale district
heating plant based on biomass combustion into a combined heating and biochar production
plant. More than 2100 such heating plants currently exist in Austria with an average heat power
output of 0.9 MW producing together 4650 GWh of heat per year. Typically, these plants are
fueled with wood chips and current wood chip prices in Austria are around 40 EUR/MWh(LHV).
The hypothesis for this study was that lower fuel costs for ligno-cellulosic agricultural by-
products compared to wood chips can compensate for the lower fuel to heat efficiency in the
biochar production case and that early demonstration projects can be economically beneficial
even if the biochar market is underdeveloped and neither relevant revenues from biochar nor
negative emission credits can be expected.

A process layout has been developed for a combined pyrolysis and volatiles combustion
system producing biochar and heat. Part of the produced heat is used for heating the pyrolysis
reactor, but this heat is mostly recovered within the process. Detailed mass and energy
balances are presented using a process model implemented in the simulation software
IPSEpro. The model has been trimmed to reproduce experimental results in a 3 MW pyrolysis
pilot plant using straw as feed biomass as well as small scale continuous pyrolysis results for
different agricultural by-products as feed. Air preheating allows for very lean combustion
conditions at 900°C in the hot flue gas stream. The cooled flue gas after the pyrolyser heating
is at 750°C and the flue gas temperature in the filter is 120°C. Any compression of hot gas
streams is avoided using a gas flap for directing more or less flue gas through the pyrolyser
heating jacket.

Overall, 30-45% of the fuel power input can be recovered as heat in the hot water system while
45-58% of the fuel power input remain unconverted and leave with the biochar stream. Techno-
economic figures for levelized costs of heat (LCOH) are calculated assuming different biomass
procurement prices, different revenues from biochar production and different capital cost
scenarios. It is shown that demonstration projects for pyrolysis-based heating plants may be
operated with economic advantage because of the lower feed procurements costs compared
to wood chips. This could then lead to a development of biochar-related markets and create
awareness for policies to credit system operators for long-term biospheric carbon storage.
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Workshop: Potentials and limits of “green” growth
of the Austrian forest-based bioeconomy

Raphael Asada, Claudia Mair-Bauernfeind, Tobias Stern
University of Graz, Institute of Environmental Systems Sciences
Merangasse 18, 8010 Graz

raphael.asada@uni-graz.at

Lara Crepaz, Manuela Medovi¢, Vanessa Panic, Hannah Seifried, Jonathan Steininger, Simon
Unterpertinger

The transformation towards a stronger bio-based economy is on the political agenda in Europe. Besides
reduced dependence on fossil resources and lower greenhouse gas emissions, the European
Commission expects the creation of new business opportunities and stimuli for the economy and
employment in rural areas.

Six students of Environmental Systems Sciences (University of Graz, Graz University of Technology)
spent one semester addressing the question of the economic growth potentials and limits of the Austrian
forest-based bioeconomy. For this purpose, three widely discussed pathways in research and politics
were examined in detail. Based on their findings, the workshop was dedicated to interactively working
out raw material, efficiency, and innovation potentials for the Austrian forest-based sector until 2040 and
the main factors limit the contribution of these potentials to “green” growth.
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Integration of digital processes for optimised
operation of and efficient inclusion of renewable
heat sources into district heating

Dr. Dietrich Schmidt

Fraunhofer Institute for Energy Economics and Energy System Technology IEE
Joseph-Beuys-Strasse 8

34117 Kassel, Germany

Email: dietrich.schmidt@iee.fraunhofer.de

Homepage: www.iee.fraunhofer.de

Abstract

District heating and cooling (DHC) networks are traditionally operated with a limited number of sensors
and actuators to secure the required supply and to optimize economics based on a given high
ecologic performance. An optimised heat generation and overall network operation is possible with
more information on the demand and flexibility options. An increased deployment of information and
communication technologies enables better network management based on real time measurement
data and the integration of new digital business processes. For a further development, the promotion
of opportunities for the integration of digital processes into DHC systems is required and the role of
digitalisation for different parts within district heating and cooling systems needs to be clarified. Digital
technologies are expected to make the whole energy system smarter, more efficient and reliable and
to boost the efficiency and the integration of more renewables into the system. In the future, digital
applications might enable district energy systems to fully optimise their plant and network operation
while empowering the end consumer. On the other hand, additional challenges need to be tackled,
such as data security and privacy as well as questions about data ownership. The presentation, the
paper presents and discusses the first results from the research work within the IEA DHC Annex TS4
on “Digitalisation of District Heating Systems — Optimised Operation and Maintenance of District
Heating and Cooling Systems via Digital Process Management”.
https://www.iea-dhc.org/the-research/annexes/2018-2024-annex-ts4

Keywords: digitalization of district heating; operation and maintenance; business processes and
models
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Opportunities with remote reading of meters for
network optimization through intelligent use of data

Dipl.-Ing (FH) Hans Peter Gremel

Kamstrup Austria GmbH

Handelskai 94 - 96, Millennium Tower, A-1200 Vienna
hpg@kamstrup.at

www.kamstrup.com

Co-Authors: Mag. Michaela Glanz, Federico Sepulveda

Heat utilities are faced with an increasing number of complex challenges in their daily business.
The handling of large amounts of data is gaining in importance here, from the collection and evaluation to the
implementation of measures. Digitization can also be seen as paving the way for a fundamentally changed
energy system with decentralized energy generation and networked energy consumption.
There are opportunities to optimize the distribution network and to provide the consumer with detailed
information about energy consumption. Expectations are a smarter, more efficient, and more reliable energy
system.

Some district heating suppliers already have knowledge that they do not fully exploit. In a study by the
University of Duisburg Essen on digitalization in heating networks, 80% of the utilities stated that they
visualized their network in digital form. Of these, however, only a quarter use this opportunity to gain better
knowledge of the network status. The study shows that there is still great potential in identifying avoidable heat
losses and finding disturbances in the network operation. Three quarters of the participants agree that heat
losses are the greatest challenge for network operation.

Analysis platforms available on the market enable heat suppliers to get the greatest possible added value from
the heat meter data. The Danish company Kamstrup, for example, is a leading provider of such platforms. Its
analysis platform combines facts about the pipe network, such as pipe length, pipe dimensions, insulation,
etc., with the data from the installed intelligent meters in order to create a detailed representation of what is
happening in the distribution network. This allows to document supply quality, locate heat losses and leaks,
find bypasses affecting system performance and monitor loads and capacities. This new form of transparency
means that the production and supply of heat can be better adapted to various factors such as demand,
weather forecasts and peak consumption. So only what is actually needed is produced. The environment,
consumers and suppliers all benefit from this in equal measure.

Looking at the way current challenges such as climate change or pandemics are being addressed, it becomes
clear that solutions are becoming increasingly digital. At the moment we are still at the very beginning and are
not exploiting the potential of data. However, if we take our challenges seriously and want to achieve the
climate targets - which is probably the most urgent measure - then we cannot avoid going digital and rethinking
existing systems, including in the heat supply. A digital heat supply that exploits the full potential of data
therefore offers the greatest opportunities for suppliers, consumers and the environment.
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RIEBE
BAUER

Biiro fiir Erneuerbare Energie

BURO FUR ERNEUERBARE ENERGIE
Ing. Leo Riebenbauer GmbH

In Verantwortung fir Klima- und Umweltschutz widmet sich die Ing. Leo Riebenbauer GmbH
bereits seit Beginn der 1990er Jahre der Planung und dem Engineering von Erneuerbarer
Energie.

Erklartes Unternehmensziel ist es, durch die Projektierung und Errichtung von
Energieerzeugungsanlagen auf Basis vorhandener regionaler Ressourcen grofitmaogliche
Versorgungssicherheit fiir Haushalte, Industrie, Gemeinden und ganze Regionen zu schaffen.
Die Tatigkeitsbereiche des Ingenieurbiiros liegen in der Entwicklung, Planung und
Umsetzung nachhaltiger Energiesysteme flir Warme und Strom aus regenerativen
Energiequellen. So sorgt das Unternehmen Biiro fir Erneuerbare Energie - Ing. Leo
Riebenbauer GmbH in den Bereichen Biomasse-Nah- und Fernwarme, Strom aus Holz und
Biogas, Photovoltaik, Solarthermie, industrielle Abwarmenutzung, Energiespeicherung und
energieeffiziente Gebdudetechnik national und international fiir innovative, ganzheitliche
Losungen in der Energieplanung. Darlber hinaus ist das Ingenieurteam der Ing. Leo
Riebenbauer GmbH Ansprechpartner fir alle Fragen der technischen Optimierung und
Effizienzsteigerung bereits bestehender Anlagen.

Energiesysteme aus dem Biro fiir Erneuerbare Energie- Ing. Leo Riebenbauer GmbH zadhlen
mittlerweile nicht nur national, sondern auch international zu den Vorzeige- und
Referenzprojekten hinsichtlich Erneuerbare Energie und Klimaschutz.

BURO FUR ERNEUERBARE ENERGIE

Ing. Leo Riebenbauer GmbH

Hauptplatz 13

A- 8243 Pinggau

T: +43 3339 25113

M: +43 664 344 87 20 | +43 664 4231071
office@riebenbauer.at | www.riebenbauer.at
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Technological Leader in “Energy from Biomass”

Austria's industry is among the global elite in the manufacturing of biomass firing systems.

In this regard, the Weissenbach-based company Polytechnik with its above-average growth rates
especially stands out. Over the last decade, the former small business developed into the globally
active Polytechnik Group. Today, the company is the technological leader in the combustion of
any kind of biomass.

The biomass combustion systems produced by the company, with their output range of

300 kWth - 30,000 kWth, can be used for heating, process heating or for power generation (up to
20,000 kWel). New in the manufacturing program are also Carbonisation plants and the POLY
H.E.L.D. combustion technology (high efficiency and low dust without flue gas treatment). Thanks
to a broad product portfolio, the company can offer complete solutions, based on the latest state
of the art, and innovative technologies, customised to meet the individual needs in each case.

In order to stay one of the top technological players, Polytechnik invests between 3 and 5 percent
of the yearly turnover in research and development and cooperates closely with a number of
universities and research institutes. At the Weissenbach head office there are currently 95
employees. More than 240 employees are working in the four ISO 9001-certified manufacturing
plants, 15 engineering, sales and service offices throughout Europe, as well as another 5 centres
overseas.

In 2011, the Austrian leading company was awarded the “Neuland-Award” for the second time.
This award is granted to companies that successfully take advantage of the market chances in
Central and Eastern Europe and through these exports secure jobs at the same time. Polytechnik
already received several national and international prizes (Hidden Champion Award, National
Winner of the European Business Award, etc.) in the past.

At the end of 2014, a particular honour was bestowed upon Polytechnik. The Austrian Ministry of
Economics awarded the company the National Coat of Arms of the Republic of Austria due to its
remarkable achievements and its merits to the Austrian economy. This special award is only
bestowed on a few companies which are recognised as industry leaders in their respective sectors.

Additionally, Polytechnik is especially proud of having successfully made the first major step into
the Chinese market. The strict environmental regulations as well as the political will in China
support the demand for green technology from Austria. At the end of 2016, a joint venture for
manufacturing in China was founded. This opens up new opportunities and entry points to the
market for Polytechnik, which contribute to further securing the site in Austria.

The company's export rate currently amounts to 95 % and more than 3,300 Polytechnik systems
are operated worldwide to the satisfaction of their users.

Besides the largest European aircraft manufacturer AIRBUS and the L’'OREAL cosmetics group, the
company's customers include British protein processing or large wood processing groups, which
in turn dominate the global market themselves.
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Eschlbock — der Spezialist bei Holzhackmaschinen

Unter dem Markennamen BIBER entwickelt und erzeugt das mittelstandische
Familienunternehmen  Eschlbock europaweit das groRte Produktprogramm an
Holzhackmaschinen. Mit 12 BaugroRen und Uber 40 Typen ist Eschlbock kompetenter
Ansprechpartner fiir Unternehmer in der Biomassezerkleinerung, fiir Forst- und Landwirte,
den Kommunaleinsatz sowie den Garten- und Landschaftsbau.

Seit den 70ern entwickelt und erzeugt der Osterreichische Hackerspezialist
Holzhackmaschinen mit der jeweils optimalen Zerkleinerungstechnik und perfektionierte
seine Biber-Holzhacker sowohl nach dem Scheibenrad- als auch nach dem
Trommelhackerprinzip.

Die Produktfamilie umfasst heute Scheibenradhacker ab einem max. Holzdurchmesser von 15
cm und Trommelhacker mit Einzugsbreiten bis 144 cm, ideal zur Beschickung mit Restholz und
astigem Material. Die GroBhacker ermdglichen einen perfekten Schnitt und damit exaktes
Hackgut auch bis zum vollen Holzdurchmesser von 90 cm. Ausgestattet mit dem kraftsparend
arbeitenden SPALTBIBER sind beim Aufraumen auf Hackplatzen kaum Grenzen gesetzt.

Die Biber Powertrucks VICAN, VICTOR und MAROX bis 750 PS gehéren zu den starksten und
energieeffizientesten Hacker am Markt. Die Antriebskraft zur Hackguterzeugung wird tGber ein
neues einstufiges Getriebe Ubertragen, das von Eschlboéck zwischen LKW-Motor und LKW-
Getriebe eingebaut wird. Dies ermoglicht den geringsten Leistungsverlust und spart Kraftstoff.
Eschlbock entwickelte damit eine Fahrzeuglinie, die optimal fiir den Hackbetrieb geeignet ist
und die zwei Extreme, Uberragende Geldandegadngigkeit mit Allradantrieb und schnelle
Ubersetzungsfahrten bis 80 km/h, vereint.

Die Kunden von Eschlbock schatzen neben der hohen Fertigungstiefe, die verlassliche
Ersatzteilverfligbarkeit Uber Generationen, den kompetenten Service durch erfahrene
Mitarbeiter und die Langlebigkeit der Maschinen.

Produziert wird in Oberosterreich. Die grolRe Tiefenfertigung bei Eschlbéck und das Prinzip der
nachhaltigen Lieferantenbeziehungen fiir Vormaterialien sind Grundpfeiler der
Firmenphilosophie. Nachhaltigkeit gehort zur Grundeinstellung. Das zukunftsorientierte
Familienunternehmen Eschlbéck riistete seine Fabrik bereits vor tiber 2 Jahrzehnten von Ol
komplett auf Hackgut um und baute 1999, als einer der ersten, eine Niedertemperatur-
Bodenheizung auch in seine Produktionshallen ein. 2011 wurde das neue Blirogebdaude mit 50
cm dicken Energiesparziegeln errichtet. Das 2017 errichtete neue Produktionswerk der
Metalltechnik ist mit Holzleimbinder, Holzriegelwanden und PV-Anlage ausgestattet.

172



SynCraft Engineering GmbH  |[m]#[x]
Munchnerstral3e 22, 6130 Schwaz
office@syncraftat ([
www.syncraft.at

The power plant of the future operates reverse!
Highly efficient, resource-conserving and climate-positive energy generation:

SynCraft, the Austrian high-tech company based in Schwaz, Tyrol, has been building
and implementing climate-positive energy systems worldwide for over ten years now,
generating electricity, heat and valuable biochar from forest residues.

In addition to energy production, around 30% of the CO2 bound in the wood is
permanently stored. This is only possible through the innovative and patented
technology of the so-called reverse power plants.

In 2020, the company was able to put as many turnkey systems into operation as in
the first ten years since its founding in 2009. - In the meantime, 31 power plants
worldwide - including in Japan - are already producing clean energy and further 28
power plants are under construction.

In 2020, the company received two prestigious awards for its innovative technology,
which is based on years of in-house research and development work: the "Energy
Globe Award" and the "TRIGOS Award".

SynCraft's reverse power plants are among the most profitable in the entire bioenergy
industry, with an electrical efficiency of 30 % and a fuel utilization rate of up to 92 %.
Because of this, a power plant built by SynCraft was named CHP (combined heat and
power) plant of the year in 2021.
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Die Ringhofer & Partner GmbH ist spezialisiert auf die Planung, Projektentwicklung und
den Bau von Biomasseheizwerken, Nah- und Fernwarmeanlagen.

Der Hauptsitz unseres Unternehmens befindet sich in der 8243 Pinggau, Steiermark,
Osterreich. Ein weiterer Biirostandort wurde in 6130 Schwaz in Tirol errichtet.

Derzeit werden insgesamt 30 Mitarbeiter beschaftigt.

Die Aufgabengebiete umfassen hierbei den Neubau aber auch die Sanierung und
Optimierung von Biomasseheizwerken im In- und Ausland.

Beratung, Planung und Bauliberwachung aus einer erfahrenen Hand

Die Ringhofer & Partner GmbH entwickelt und plant ma3geschneiderte und hocheffiziente
Anlagen zur Energieversorgung, Biomasseheizwerke, Nah- und Fernwarmeanlagen.

Im Bereich der Energieplanung entwickeln wir Projekte fur unsere Kunden zur
Energieversorgung von technischen Anlagen, Gebauden und ganzen Ortschaften oder
Stadte auf Basis erneuerbarer Energie.

Als Generalplaner begleiten wir Projekte von der Grundlagenermittlung tber die
Projektentwicklung bis hin zur Inbetriebnahme.

Unsere Planungsleistungen beinhalten die Bestandserhebung, die Projektentwicklung,
Wirtschaftlichkeitsbetrachtungen, die Férderabwicklung, Qualitdtsmanagement, Planung,
Ausschreibung sowie die Auftragsvergabe und die Baulberwachung.

Zur Erreichung ganzheitlich effizientester Lésungen engagieren wir uns im Detail auch fir
Optimierungskonzepte der Warmekunden, Kundenberatungen und Warmeverkauf,
Erstellung der Warmeliefervertrage mit rechtlichen und technischen Vorgaben,
Betriebskostenvergleiche und einer Unterstitzung unserer Kunden bei Finanzierungen.

Eine hohe Planungsqualitat ist unser Ziel, fir das wir tagtaglich unser Bestes geben. Mit der
Unterstitzung eines BIM 3D-Modells erfolgt eine kollisionsfreie Planung.

Als Generalplaner tragen wir Verantwortung flir unsere Kunden.

Die Qualitat unserer Arbeit sichert die Funktionalitat der Anlagen und den
betriebswirtschaftlichen Erfolg unserer Auftraggeber.

Kontaktdaten:

Biro Steiermark

8243 Pinggau, Schulstralle 1/2
Tel.: +43 3339 23195

office@ripa.at / www.ripa.at

Buro Tirol

6130 Schwaz, Franz-Josef-Stralte 28 / Top 4
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ENERGIE DIE ANKOMMT

Die im Laufe von rund vier Jahrzehnten gewachsene isoplus-Gruppe ist mit 15
selbststandigen Produktions- und Vertriebsgesellschaften in ganz Europa vertreten.
Seit 1989 sind wir als einer der fuhrenden Hersteller und Exporteure auf die
Konstruktion und Fertigung werkseitig vorgedammter Rohrleitungssysteme fur
Fernwarme- und Fernkalteleitungen spezialisiert. Als Hersteller werkseitig
vorgedammter Rohrsysteme fiur die Nah- und Fernwarmeversorgung sowie fur
Industrieanlagen aller Art, produzieren wir in unseren internationalen Werken mit rund

1.200 Mitarbeitern, Rohre und Formteile von hochster Qualitat.

Wir verflgen Uber modernste Produktionsanlagen, auf denen nach klassischer und
kontinuierlicher Methode gefertigt wird. Die isoplus-Gruppe fertigt und liefert jahrlich
mehrere tausend Kilometer Kunststoffmantelrohre von DN 20 bis DN 1200 in die ganze
Welt. Unsere vorgedammten Fernwarmetransportleitungen mit PE-HD Mantelrohr
eignen sich auf ideale Weise zur direkten und kanalfreien Erdverlegung und werden
mit Mediumrohren aus Stahl, PEX, AIUPEX, Kupfer oder Stahlflex hergestellt.

Selbstverstandlich bieten wir Ihnen Uber unsere Produkte hinaus ein vielfaltiges und
vollstandiges Spektrum von Serviceleistungen an. Die fachkundige Beratung in allen
Ausfuhrungsstadien |Ihres Projektes durch unsere gepriften Bauleiter und Monteure
sowie die speziell ausgebildeten regionalen Vertriebsingenieure gewahrleisten den
optimalen Einbau der isoplus-Produkte. Unsere regionalen Vertriebsniederlassungen

gewahrleisten eine optimale Betreuung direkt vor Ort.

isoplus Fernwarmetechnik Gesellschaft m.b.H.
FurthoferstralRe 1a
A-3192 Hohenberg

www.isoplus.at
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HEZTECHNIK DER ZUKUNFT

HARGASSNER )

HuAl1, 9.1.2023, 3250 Zeichen,

Hargassner — nachhaltig Heizen am Puls der Zeit

Seit nahezu 40 Jahren am Markt und mit mehr als 140.000 zufriedenen Kunden hat
sich das Familienunternehmen am nationalen und internationalen Biomasse-Markt
etabliert.

Pionier der ersten Minute

Anton Hargassner liberzeugte schon 1984 seine Frau Elisabeth, beim neuen Familienhaus auf
eine selbstgebaute, automatische Holzheizung zu setzen. Fiir diese und ahnliche
Entwicklungen erwarb er im Folgenden Patente und griindete die Firma Hargassner Ges mbH.
Diese Leidenschaft hat er seinen beiden Séhnen Anton jun. und Markus weitergegeben. Der
Familienbetrieb im oberdsterreichischen Weng wird in diesem Sinne bereits in der zweiten
Generation mit hoher Innovationskraft fortgefihrt.

,Die Natur ist unsere Lebensader. Ohne eine gesunde Natur ist kein gesundes Leben mdéglich.
Deshalb sehen wir uns als Pionier fiir umweltschonendes Heizen mit erneuerbarer Energie.—
der Umwelt und den nachfolgen den Generationen zuliebe“, erklart Markus Hargassner die
Firmenphilosophie.

Komplettanbieter fiir Biomasse-Heizungen

Von Anfang an produziert man Hackgutanlagen und seit flinfundzwanzig Jahren auch
Pelletanlagen. Im Angebot sind Leistungsbereiche von 9 bis 330 kW mittels Kaskadenlésung
bis 2.000 kW. Seit 2010 werden auch Stlckholzkessel von 20 - 60 kW hergestellt. Wahrend die
Eco Hackschnitzel-Heizungen fir bis zu 330 kW die Raffinessen der Kompakten mit
GroBkesseltechnologie vom Feinsten paart, erregt seit 2021 der Hochleistungs-
Industrieheizkesselreihe ,Magno“ mit bis zu 2,5 MW die Aufmerksamkeit von Industrie und
Heizkraftwerken. In Kaskade geschaltet bringt der mit dem Innovationspreis ,EnergieGenie*
ausgezeichnete Magno Warmepower bis 10 MW.

Nachhaltiges Duo

Pelletkessel lassen sich mit einer Stlickholzheizung zu einem Kombikessel verbinden. Diese 2-
in-1 Lésung vereint die krisensichere Heizform mit Stiickholz mit dem Komfort einer
automatischen Pelletsheizung. Auch hier, wie generell fir alle Produkte der Hargassner
Heiztechnik, gibt es passende Smart Home Lésungen.

Warme und Strom aus Holz

Die neue KWK-Heizung (Kraft-Warme-Koppelung) mit 80 kW Leistung erzeugt 60 kW Warme
und 20 kW Strom. Speziell geeignet ist diese umweltfreundliche und unabhangige
Energieversorgung fir Gewerbebetriebe, 6ffentliche Bauten und Nahwarmenetzbetreiber.

Gesunde Expansion

Hargassner verfligt tGber eine Produktionskapazitat von 28.000 Kessel/Jahr. 2023 betragt die
Gesamtflache 55.500 m?. In der Produktion sind modernste CNC-gesteuerte
Blechbearbeitungsmaschinen, Schweil3roboter und eine vollautomatische
Pulverbeschichtungsanlage im Einsatz. Mittlerweile beschaftigt man mehr als 1.200 Mitarbeiter
und gehort damit zu Osterreichs fiihrenden Heiztechnik-Erzeugern und auch weltweit zu den
relevanten Brancheplayern. Mehr als 70 % wird exportiert.

Forschung und Entwicklung
Gemaly dem Motto ,Vorsprung durch Qualitdt und Technologie“ entwickelt Hargassner neue

Hargassner Ges mbH, Anton Hargassner Str. 1, 4952 Weng, Tel.: +43 /77 23 /52 74 — 0, Fax: DW -5,
hargassner.com, office@hargassner.at



Company profile

ICB is an Austrian engineering company located in Vienna - currently employing 30 engineers
at different stages of their respective careers. As a company we have successfully concluded
projects in various industrial sectors and have consequently gained a lot of experience. Our
know-how in the implementation of district heating and cooling networks, the planning of
energy plants and the integration of exhaust gas cleaning and heat recovery systems reflects
the foundation of ICB. We offer our services in the fields of planning, expansion and
optimization of biomass heating plants to new project partners and are looking forward to
meeting you at the CEBC fairs and other industry exhibitions.

Corporate philosophy

Following the motto "Engineering The Future”, ICB aims to implement projects in the energy
and industrial sectors successfully, efficiently and in line with all requirements. We offer our
customers a far-reaching spectrum of planning, calculation and consulting services, relying
upon the expertise of exceptionally educated and experienced engineers. To ensure high-
quality and successful project implementation, the set deadlines and budget must be met
during project execution and have the highest priority.

In accordance with the previously mentioned objectives, we are committed to maintaining
and constantly enhancing the quality criteria in line with our 1S0 9001 certification. We
guarantee that we provide our services according to defined working processes, thereby
ensuring that your commissions are implemented with the best quality, transparency and
accountability.

Due to the economic growth that began after the start of industrialization and that has
become more intense every year since then, natural climate change has accelerated as a
result of anthropogenic (= human-caused) influences. Thus everyone is responsible for
preserving the environment for future generations. That is why we do our part to implement
IS0 14001 and appropriate engineering for the energy transition — whether through suitable
measures for protecting energy resources and raw materials, the planning of sustainable
power plants or intelligent waste and environmental management.

ICB is a company that is run by its proprietor and thus economically independent; it always
acts in the best interests of its customers.

ICB Engineering GmbH; Franzosengraben 7, 1020 Wien Eﬂ.E

Email: office@icb-group.org
Web: www.icb-group.org / follow the QR-Code a%



ARMACELL AUSTRIA GMBH
A company of the Armacell Group
Finkensteiner Strasse 7

A-9585 Gdodersdorf-Villach

TELEFON +43 4257 3345 -0

INTERNET www.austroflex.com

AUSTROFLEX - the expert for thermal energy networks

Founded in 1985, Carinthia-based company Austroflex has been active for 35 years in technical insulation and
the development and production of systems and solutions for the insulation of heating & cooling pipes — made in
Austria.

Today, we are recognised within the industry as an expert supplier of flexible Pre-insulated Pipe Systems, a
comprehensive range of thermal Solar Pipe Systems and an assortment of Technical Insulation solutions.

Typical Applications

District Heating and Cooling networks

Domestic heating and hot sanitary water

Biomass/Biogas - CHP installations, Wood and Pellet boilers
Heat pumps

Solar thermal systems

Potable water

Specific industrial process piping
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Green Energy Risk Concept wurde von den beiden EFM-
Versicherungsmaklern, Hans Peter Lindner und Anton Hofstetter
entwickelt.

Dem Konzept zugrunde liegen langjahrige Erfahrung im Bereich
der Versicherungen von Biomasse-Energie-Anlagen und
Sondervereinbarungen mit namhaften dsterreichischen
Versicherungsunternehmen.

Hans Peter Lindner EFM Versicherungsmakler in GroBkirchheim
in Karnten ist seit mehr als 20 Jahren in der Branche und seit
2009 als selbststandiger Versicherungsmakler tatig. Erfahrung
im Bereich Biomasse-Fernheizwerke seit 2012.

Anton Hofstetter EFM Versicherungsmakler in Hollabrunn und
Muckendorf. Er ist seit 1988 in der Branche und seit 1995 als
selbststandiger Versicherungsmakler tatig. Er betreibt auch ein
Biomassefernheizwerk in Maissau (NO).
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Strom-Warmekraftwerke von GLOCK ecotech
Hochrentable Losungen fur die moderne Energieversorgung

Der GLOCK Konzern ist seit Uber zwei Jahrzehnten im Energie-Bereich tatig und hat sich auf die
Forschung und Entwicklung von nachhaltigen Energiesystemen flr den globalen Markt spezialisiert.

Die GLOCK ecotech GmbH gestaltet mit der dezentralen und permanent verfligbaren Energie-
versorgung ihrer Kraftwerke die heutige und auch kinftige Energiebereitstellung aktiv mit,

um folgende Ziele zu erreichen:

. Schutz des Klimas
. Vorreiterrolle in der dezentralen Energieversorgung
. Ressourcenerhalt fir zuklinftige Generationen

Unternehmensbeschreibung

Das Unternehmen GLOCK ecotech GmbH wurde im Jahr 2010 in Griffen/Osterreich gegriindet und
produziert innovative, effiziente und nachhaltig arbeitende Strom-Warmekraftwerke. Dabei setzt das
Unternehmen auf die wertvolle, regional verfliigbare Ressource Biomasse. An 365 Tagen im Jahr wird
somit eine krisensichere, wetter- und importunabhangige Energieversorgung gesichert.

Als sogenannte Plug & Play-Losung nehmen die Strom-Warmekraftwerke eine wesentliche
Schlisselrolle in der autarken und COz-neutralen Energieversorgung und Netzsicherheit von Morgen
ein.

60 Anlagen wurden bisher weltweit erfolgreich in Betrieb genommen. Sie verfiigen Uber eine einzigartige
und patentierte integrierte Trocknung und Gasreinigung, die sie technologisch und betreffend ihrer
Nachhaltigkeitswerte wesentlich von anderen Anlagen unterscheidet.

Die ausschlielRliche Produktion in Griffen und die Beauftragung regionaler Lieferanten gewahrleisten
insgesamt einen geringen CO2-FuBabdruck des Unternehmens und seiner Produkte.

Forschung und Entwicklung

Das konzerninterne Forschungs- und Entwicklungsunternehmen GLOCK Technology GmbH
verantwortet die Weiterentwicklung der Strom-Warmekraftwerke, um stets am neusten Stand der
Technik zu sein und Innovationen hervorzubringen.

Es werden laufend Testversuche unter verschiedenen Umfeldbedingungen und -—einflissen
durchgefiihrt. Das daraus gewonnene Know-how gewahrleistet das Betriebsoptimum der Maschinen.

Strom-Warme Kraftwerkstypen
GG-CHP 1.7: 18 kWel / 44 kWth
GG-CHP 2.7: 50 kWel / 110 kWth

Kontaktdaten
GLOCK ecotech GmbH OCK
Bengerstrale 1, 9112 Griffen, Osterreich

E-Mail: office@glock-ecotech.com

Homepage: www.glock-ecotech.com e C O t e c h
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Froling: The big name for heat and electricity made from wood and
pellets
Innovative solutions with a capacity range from 7 to 3,000 kW

Froling is the big name in automated biomass boilers fuelled by pellets, wood chips or log wood. The
family-owned manufacturer offers high-efficiency heating systems (ranging from 7 to 3,000 kW) as
well as solutions for fuel storage, tanks, heat exchangers and control systems. It exports to more
than 35 countries worldwide and has large-scale manufacturing plants in Austria and Germany. With
the experience of over 50 years in heating technology Froling developed the new wood power plant
Type CHP, which produces heat and electricity from wood. The CHP50 has received the “Energy
Genie” in 2015, which is an Innovation Award of the Ministry of Environment for new products
according to the criteria of innovation, energy saving und novelty.

The Froling fixed-bed gasifier CHP 50 is available with an electrical output of 46/50/56 kW and a
thermal output of 110 — 115 kW and achieves a total efficiency of more than 85%. The CHP can be
installed ready for operation in a container (wood gasification system including safety technology,
exhaust gas line and automatic gas flare) and is already put into operation and tested at the
production plant of Froling. The other possibility is the indoor-variant where eg. up to 20 units can be
installed as a cascade at one location. The first systems are successfully in operation since 2013. The
customers are very enthusiastic about the fully automatic betrieb and the high efficiency. The
worldwide acting Froling service team can ensure a appropriate on-site support of the CHP system.

Customer care from planning to servicing

The broad range of services provided by Froling is greatly valued by heating engineers, builders,
planners, architects and other engineers. No matter what your need, Froling offers a full advice,
planning, implementation and after-care service. Experts from around the world take part in training
sessions at our training offices. Froling also offers a highly extensive customer service network.

Facts and figures:

Factories: Grieskirchen (AUT), Stritzing (AUT), Marzahna (GER)

Sales/training/competence centres: Grieskirchen (AUT), Munich (GER), Strasbourg (FRA), Bolzano
(ITA)

Staff: around 600

Export ratio: over 80 percent

Markets: Europe (our main market); USA; other distributors around the world

Contact details:

Froling Heizkessel- und Behalterbau GmbH
Industriestrasse 12, A-4710 Grieskirchen
Austria tel. +43 (0) 7248 6060

Germany tel. +49 (0) 89 927926 0
info@froeling.com; www.froeling.com

181



182



Postersession

Poster Session

183



Numerical investigation of pressure and holding
time on raw density and mechanical durability
during biomass densification with an industrial
stamp briquetting machine
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The EU has the goal to reduce 55% of greenhouse gas emissions by 2030 and to become climate
neutral by 2050". In order to achieve this goal, the importance of biomass utilization for energy purposes
has increased significantly over the past 10 years?. In the countries of the United Nations Economic
Commission for Europe (UNECE)® wood has a continuing predominant role in renewable energy
provision. The total wood consumption increased from 193 million m? in 2007 to 265 million m?in 2017.
This can be attributed to the larger share of wood supply for energy use, which increased from 38.9%
in 2007 to 46.9% in 2017 in the UNECE countries. In addition, compared to 2007, the use of wood in
the residential sector decreased in proportion to the use of wood in the industrial and electricity sectors.
The consumption of densified wood increased significantly (from 16.2 kg in 2007 to 55.2 kg per capita)
also caused by the shift from residential to the industrial sector®. In this context, biomass densification
plays a key role in the use of wood as renewable energy supply. So far, the mainly used biomass
consists of wood from sawmill and pulp industry*. Sawdust and pulpwood are of a homogeneous and
high quality and will therefore be increasingly used for material and bioeconomy purposes in future*. For
this reason, the future biomass energy use will focus on the processing of residual and waste materials
for fuel production. In this case, briquetting could prove to be a more wear-resistant as well as energy-
efficient agglomeration process compared to the pelletizing process commonly used in the EU market®.
With numerical simulations, the biomass briquetting process can be improved with respect to
agglomerate quality and process efficiency (throughput, energy consumption, wear). In addition, rapid
process adaptation to different assortments as a key factor in biomass processing in the future will be
possible.

For this reason, the work focusses on the development of a DEM simulation approach for the numerical
aided investigation of a closed mold agglomeration process on an industrial stamp briquetting machine.
To achieve this goal, the study of the basic mechanisms (pressure distribution and particle arrangement)
of the agglomeration process are first investigated using MatLab. Based on this, a DEM simulation of
non-spherical particles will be developed for a semi-industrial stamp briquetting machine with a capacity
of 60 kg/h for densification. Crucial is the particle or agglomerate fractures occurring at high plastic
deformation as well as its reformation by introducing suitable bond models based on empirical models
of press agglomeration. Laboratory or pilot plant trials are required both for the determination of the
material characteristics, the empirical modeling of press agglomeration and the validation.

1 European Commission. European Green Deal: Delivering on our Targets. Luxembourg; 2021.

2Thran D, Schaubach K, Peetz D, Junginger M, Mai-Moulin T, Schipfer F et al. The dynamics of the global wood pellet markets and trade
- key regions, developments and impact factors. Biofuels, Bioprod. Bioref. 2019;13(2):267-80. https://doi.org/10.1002/bbb.1910.

3 UNECE/FAO Forestry and Timber Section. Where does wood energy come from? Long-term trend of more efficient use of wood resource.
Switzerland; 2017.

4 Jonsson R, Rinaldi F, Pilli R, Fiorese G, Hurmekoski E, Cazzaniga N et al. Boosting the EU forest-based bioeconomy: Market, climate,
and employment impacts. Technological Forecasting and Social Change 2021;163(1):120478.
https://doi.org/10.1016/j.techfore.2020.120478.

5 Tumuluru JS, Wright CT, Hess JR, Kenney KL. A review of biomass densification systems to develop uniform feedstock commodities for
bioenergy application. Biofuels, Bioprod. Bioref. 2011;5(6):683-707. https://doi.org/10.1002/bbb.324.
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Between 2018 and 2020, an average of 15 TWh of energy peat was consumed in Finland. Energy peat
is used in 260 boilers in Finland, which produce district heat and heat and steam for industry, as well
as electricity as cogeneration (CHP) in connection with district heating and industrial heat production.
Peat accounts for 3-5% of the energy sources used in Finland, but its importance has been greater in
terms of security of supply. With current use in accordance with the 2018—2020 average, the emissions
from peat are almost 6 Mt CO2 per year in Finland, which is 15% of emissions from the energy sector.
The use of peat has declined rapidly, by a third, over the period 2018-2020, as fossil fuels are being
replaced by renewable energy sources. Peat is typically used in multi-fuel boilers, where various
biomass fractions are most used in boilers in addition to peat. Typically, it is necessary to combust
some 20-30% of peat or a similar proportion of other sulphur-containing fuels in a power plant boiler to
prevent corrosion. In this study, the technical limitations related to peat burning, economic limitations
related to the availability of biomass, and socio-economic limitations related to the regional economy
were reviewed. By 2040, the technical minimum use of peat will fall to 2 TWh. The techno-economical
potential may be even lower, but due to socio-economic objectives, peat production will not be
completely ceased. The reduction in the minimum share assumes that old peat boilers are replaced
with new biomass boilers or are alternatively replaced by other forms of heat production. Based on the
biomass reserves, the current use of peat can be completely replaced by forest chips, but regional
challenges may occur along the coast and in southern Finland. It is unlikely that the current demand for
all peat will be fully replaced by biomass when part of CHP production is replaced by heat production
alone and combustion with waste heat sources.
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Purpose. Automatically stoked biomass boilers are currently only tested following EN 303-5
at constant load conditions. This method does not consider the ignition phases, load
changes or burnout phases which may considerably contribute to emissions and reduce the
boiler efficiency. To overcome this lack of relevance for real life operation, a standardized
load cycle test method was developed within the CycleTest project funded by FNR
(22038918) and applied to 10 biomass boilers. The influence of a combination of a buffer
with the boiler was also tested applying the novel load cycle test method.

Approach. As a first step, an improved load cycle method with a duration of eight hours was
developed considering real life heating patterns of residential buildings as described in VDI
directive 4655 (2021). The load cycle introduces a dynamic heat demand with several load
changes, to which the biomass boiler shall automatically follow by providing a suitable heat
output. Depending on the intelligence of its boiler control, its thermal inertia and on the
existence of a heat buffer storage tank, each automatically fed biomass boiler reacts
differently to the requested heat demand. Ignition phase, load change and burnout are an
integral part of the standard load cycle, thus the dynamic measurement reproduces the real
behavior of furnaces in practice.

The novel dynamic method was applied to eight pellet boilers using the same pellet fuel, and
to two wood chip boilers using four different fuel qualities, once without a buffer tank and
once with buffer tank. Moreover, combustion tests following EN 303-5 were conducted to
preveal the differences between steady-state and dynamic boiler behaviour.

Results. Combustion tests applying nominal load to the boilers typically achieved the lowest
emissions (CO, OGC and TPM) and highest efficiency. For example, CO emissions ranged
between 4 and 74 mg/MJ. In contrast to that the emissions were typically highest when the
novel load cycle method without a buffer was applied ranging between 84 and 626 mg/MJ for
CO emissions. The combination to a buffer could reduce the number of re-starts of a boiler if
needed leading to a clear reduction in emission but still being above the values achieved
during nominal load leading to CO emissions between 35 and 240 mg/MJ. The efficiency for
the three condensing pellet boilers were lower by 5 to 9 % when the boiler was connected to
a buffer tank during the load cycle test compared to the dynamic method without a buffer
tank.

Different fuel qualities at the wood chip boilers caused various emission behaviour at steady-
state and at dynamic combustion conditions. The connection of the boiler to a buffer clearly
reduced CO, OGC and TPM emissions in almost all cases due to the reduction of re-starts
especially for the second wood chip boiler. The efficiency of the boilers was lower during the
load cycle method compared to the steady state as expected. Only a slight or even no
reduction in efficiency was detected if the boiler was connected to a buffer tank.

Conclusion. The application of the novel load cycle method led to elevated pollutant
emissions compared to steady-state operation such as during type testing for all boilers. The
combination of a boiler with a buffer tank typically reduces the emissions but at the same
time the efficiency is also reduced especially for the three tested condensing boilers.
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Abstract

Porous silica was synthesized from cornhusk using the sol-gel polymeric route and compared with
ash obtained from the direct combustion process under laboratory conditions. The unmodified ash from
the direct combustion process was dissolved in NaOH for 1 h to form sodium silicate, which was
subsequently hydrolyzed with citric acid to yield a silica xerogel. The obtained xerogel was characterized
using inductively coupled plasma-optical emission spectrometry (ICP-OES), Fourier transforms infrared
(FTIR) spectroscopy, X-ray diffraction (XRD), simultaneous thermal analysis (STA), gas sorption
techniques to determine their elemental constituents, functional groups, crystalline phases, thermal
stability, and porosity, respectively. The results showed that the synthesized silica xerogel exhibited
porous network structures with a high specific surface area and mesopore volume of 384 m?/g and 0.35
cm?®/g, respectively. The pore size distribution revealed a complete transformation of the pore network
structures of the unmodified ash from a monomodal to a bimodal pore system, with micro- and mesopore
peaks centered around 1.5 and 3.8 nm, respectively. The ICP-OES results showed that the silica content
significantly increased from 52.93 to 91.96 wt. % db after the sol-gel treatment. XRD diffraction confirmed
the amorphicity of the silica particles obtained from the sol-gel extraction method. In addition, the STA
data showed that the silica xerogel has high thermal stability compared to the unmodified ash, as the
latter exhibited poor thermal stability and low textural properties. The high surface area and narrow pore
cavity size distribution of the porous silica xerogel make it an ideal substrate for catalysts and an
excellent template for growing other nanoparticles within the pores.

Keywords: biogenic silica, combustion, sol-gel, agricultural waste, cornhusk, sodium silicate

187



Combining biomass and low-temperature district

heating networks in the best possible way

Mag. Christian Engel

AUSTROFLEX Rohr-Isoliersysteme GmbH

Finkensteiner Strasse 7, A-9585 Godersdorf-Villach, Austria
Email: christian.engel@austroflex.com

Web: www.austroflex.com

In the IEA-DHC TS2 project "Implementation of low-temperature district heating systems", leading
European experts have developed a guidebook between 2018 and 2021, which aims to maximise the
use of renewable energy sources. The economic benefits of low-temperature district heating were
investigated based on the cost factors resulting from lower system temperatures.

Cost reduction potentials 5 times higher with low temperature district heating

To show the economic benefit of reduced network temperatures on renewable technologies, the cost
reduction gradient (CRG) is used to quantify the economic benefit in terms of the reduced cost per
Celsius degree of temperature reduction. Low temperature District Heating enables the extensive use
of renewable energy sources. The benefits are up to 5-times higher compared to high temperature
solutions.

Repower EU calls for a rapid switch from gas to sustainable energy sources and measures to reduce
energy consumption. The IEA-DHC TS2 Guidebook uses real projects to show the economic effects of
the most important renewable energy sources, such as biomass, geothermal energy, heat pumps,
solar thermal heat or waste heat.

For future district heating networks flexible pre-insulated piping systems are showing promising results
in terms of speed of installation, lifetime and overall cost.

Maria Gail Biomass Project: 33% more efficient low temperature heat network

In Maria Gail biomass, solar thermal energy and highly insulated district heating pipes are perfectly
combined. The heating plant is a prime example of systematic renewal and adaptation to the highest
standards in terms of energy use, CO2 savings and reduction of emissions from biomass combustion.
Since the heating plant is located directly in the residential area, the requirements for minimising noise
pollution are also very high.

In the years 2020 to 2022, a major expansion of the district heating network with a trench length of
over 1200 metres was implemented. For these lines AustroPUR plus pipes with insulation series 3
were used and network losses will be 33 % lower compared to insulation series 1.

IEA-DHC TS2 Guidebook demonstrate the cost-efficient transition to renewables

The IEA-DHC TS2 Guidebook is covering all aspects of low temperature district heating, based on
experiences from app. 200 projects all over Europe. With EU initiatives, like RepowerEU in mind, the
results are even more relevant for a fast transition to fossil free heating systems.

Download link:

Lyngerud, K., Werner, S., et al. 2021. Implementation of Low-Temperature District Heating Systems,
IEA-DHC Annex TS2, Final Report, Fraunhofer Verlag, Halmstad University
https://www.iea-dhc.org/the-research/annexes/2017-2021-annex-ts2
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In the European Union, composting and recycling have increased by 80% in the last twenty years [1]. This trend is
expected to continue as the EU Green Deal introduces new regulations requiring the compulsory separation and
composting of organic waste [2]. Traditional methods of composting will thus no longer be sufficient, as they require
manual labor; this includes taking and keeping track of continuous gas composition and temperature measurements of
the compost windrows. The adoption of new technologies will become increasingly significant in this field. Therefore,
research is currently being conducted to automate composting plant management. The research is carried out in
international research projects by Graz University of Technology and its industrial partners.

Within the research project ANTON (Autonomous Navigation for Tracked Compost Turners) an automatic steering
module for an electrically driven compost turner was developed [3]-[6]. The module uses Global Navigation Satellite
Systems (GNSS), an Inertial Measurement Unit (IMU), a stereo camera and odometry from wheel encoders to
estimate a highly precise position and attitude of the compost turner in real-time [7]. To account for specific motion
characteristics of tracked vehicles a tailored motion model, which accounts for slip, was derived [8]. A robust
controller, which was first tested in a software-in-the-loop environment and later adapted in field tests, allows to
automatically steer the compost turner along the pre-computed optimal routes.

One of the aims of the follow-on research project ANDREA (Automated GNSS-Based Data and Process Management
for Composting Plants) is to further enhance the system's capabilities by a routing and obstacle avoidance module,

i.e. to go from automatic steering to a fully autonomous system. Currently, tests using a laser scanner are being
conducted. This enables the compost turner to autonomously find its way to the windrows or the charging station, and
allows for operations at night. Another essential aspect is the development of a comprehensive data management
system. The system should smoothly acquire, transmit, process, and store data. Our desired objective is to
continuously measure the temperature of the windrows during the turning process. We perform geo-referencing to link
the collected data to the exact position from which it was collected. Using edge computing, an initial averaging of the
values is carried out directly at an Industrial-Internet-of-Things (IloT) device on the compost turner. Taking advantage
of the wireless capabilities of our lloT device, the averaged values are then securely transmitted to a web server via
an encrypted Virtual-Private-Network (VPN), where the data is further processed and stored in a database. Finally, the
long-term temperature data is displayed in a user-friendly graphical format and can be easily exported as a report.

In addition to continuous improvements in the areas addressed, current research is also looking at the broader picture.
Thus, a sharing system for heavy-duty vehicles in the composting industry is currently being investigated, which is
intended to help mitigate the barrier of high acquisition expenditures, especially for smaller plants.[9]
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The Riebenbauer engineering office was commissioned with the project planning and development of
the biomass power plant in Perg. The heat is fed into the district heating network of Bioenergie Perg,
and the electricity generated is fed into the public power grid of the Perg power station.

Two lines of wood gas combined heat and power plants by SynCraft were used in this project. The wood
gasifier together with the combined heat and power plant generates electrical and thermal energy from
wood chips. By gasifying the wood chips and using the product gas in a combustion engine with
combined heat and power, the energy contained in the raw material is utilized in the best possible way.
Wood chips are used as the primary energy source. The energy generated in Perg is 100% sustainable
and regional.

Two wood gas combined heat and power plants will be built, each with an electrical output of 500 kWel
and a thermal output of 770 kWth.

Total energy generated per year:
kWel = 2*500kW x 8,000h = 8,000,000 kWhel
kWth = 2*740kW x 8,000h = 11,840,000 kWhth

Not only green electricity, but also green heat and biochar are produced from forest wood chips,
regardless of the weather situation.

The daily yield of charcoal in Perg will be 9 m3, which means that 4.4 tons of CO2 will be extracted from
the atmosphere every day by this plant alone. If charcoal is then put to good use, for example as a soil
conditioner in agriculture, this carbon is bound in the long term, because charcoal permanently removes
CO2 from the atmosphere and stores water and nutrients like a sponge and slowly releases them back
to the plants.

In order to bring the fuel to the necessary quality, four drying boxes for the wood chips are being built.
The wood chips are dried using warm air, most of which comes from the low-temperature area of the
system. Prior sorting of the forest waste is not necessary. Bark or branches could also be processed,
the fuel requirement amounts to 742 kg/h for both systems.

From the drying boxes, the fuel is manipulated onto the sliding floor using a wheel loader or telescopic
loader. The wood chips are automatically conveyed from the moving floor to the plant in the HVG room
by means of screw systems.

The plant requires a total of approx. 5,900 t of wood chips per year. It works fully automatically. Operating
personnel are only used for checks and revision work.

The system is highly efficient, with all useful energy flows together, including the condensation energy
from the exhaust gas flow of the gas engine, even achieving a fuel efficiency of well over 90%.
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In order to facilitate the energy transition and the phase-out of fossil energy supply systems in Austria
by 2040, civil society should be involved and agree on policy measures. A better understanding of
underlying motives of consumers considering a new residential energy supply system (RESS) (heating
and domestic hot water, cooling and power) can support the set-up of favorable conditions for an energy
transition. Thus, the main interests of this study were motives of consumer decisions for a particular
RESS. The impact of gender and intersecting aspects like e.g. income, age or education on the decision
was evaluated. Furthermore, interests versus decisions for RESS were compared.

First, qualitative interviews with energy consultants and other stakeholders like installers were
conducted to get background information on the decision path and purchase behaviour of potential
consumers. Subsequently, a quantitative survey was conducted. The target group were persons who
planned to build or renovate a house in the near future or had done so in the previous five years. In total,
24 motives against or in favour of interests and decisions were assessed.

The questionnaire was answered by 169 respondents, 40% of them were women and 60% men. Most
respondents were between 30 and 45 years old and lived on the countryside. More than 50% had a
university degree. First results show that environment was considered to be the most important motive
for the respondents, with a higher share of women. The motives aesthetic appearance, possibility to use
locally-available fuel, operation independent from electricity grid and possible operation during black-
out were significantly more important to women compared to men. The latter was also considered more
important for people with a monthly net household income below 2.000€, compared to an income of
more than 5.000€.

The results of the survey, together with a classification of energy supply systems, form the basic
framework for a technology-open, unbiased online decision support tool. This tool will fulfil several tasks.
On the one hand, it will enable end users to decide on the most suitable technology for their home. On
the other hand, cookies will be used to collect further data for an ongoing motive analysis. The tool will
use the optimization program OptEnGrid, which enables optimization in terms of costs, greenhouse gas
emissions or both. In view of the current crisis and the resulting sharp rise in energy prices, the decision
for suitable energy supply systems has become even more important.
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Wood can be pelletized without any additive. However, starch offers the opportunity to reduce energy
consumtion. It also acts as a binder and, in many cases, as a lubricant. The product properties are
clearly defined by the ISO17225 standards and the requirement values from the ENplus®. The specific
energy consumption, e.g. depends on the plant and raw material.

The disadvantages of starch are obvious. Even if only used with max. 1.8% d.m. and in practice often
well below, the energetic use of starch is in conflict with food production. As a primary product of
agriculture, starch has a not inconsiderable carbon footprint. In addition, the scarcity of raw materials
has led to massive price increases in the last two years. Kraft-lignin might be an alternative!

The chemical composition of lignin as a commercial product or as an experimental raw material is
central. The first table provides an overview of the scatter range of some commercial, and thus not yet
optimized, lignins. The results show clear favorites with clear feasibility as well as some clear No-Gos
so fare.

Ash content [%] ENISO 18122 Lignin 0,61 - 3,65
Ash melting (deformation temperature) [°C] | CEN/TS 15370-1 Lignin 850 - 910
Sulphur content [%] EN ISO 16994 Lignin 0,93 - 2,69
CO off-gassing after 3 h [ppm] ISO/FDIS 20048-2 | Pellets with /| 410 - 830 /
without Lignin | 840 - 940

Applicability of such lignins was assessed in practical trials. In a first step, the powerful Single Pellet
Press (SPP) process enabled eight different additives to be modeled in interaction with raw material
moisture and process temperature. The 300 individual tests required for this could be carried out with a
small amount of raw material under strictly controlled test conditions. In these tests, process parameters
such as friction work or product parameters such as mechanical durability can be estimated to a good
approximation.

The process energy required to transport material through a SPP die was analysed and compared to
further wood species without additive. Lignin a showed a high similarity to beech, with a high process
energy. Lignin b behaved similarly to starch and related to pure spruce wood. This type of lignin
extracted in the laboratory also showed good properties for improving mechanical durability and was
therefore used as a basis for the development of a modified lignin. Further trials were performed in the
biomass pilot plant. Selected results from SPP and pilot plant trials were standardized and are shown
in the second table.

Friction work Single Pellet | Max. flow force Single Pellet | Specific energy Pilot Plant
Lignin c 1,21 0,66 0,00
Lignind 0,55 0,76 -0,21
Starch -1,98 -0,55 -0,51

The results of the SPP cannot be directly transferred to the pilot plant level, but point in a similar
direction. Especially lignin d, showed at this point already without modification a potential to follow in
footsteps of starch. It was therefore subsequently tested in industrial trials.

The results so far show one thing clearly: Existing lignin types are currently not able to keep up with the
references examined, but they have potential. The reduction in CO off-gassing represents an exciting
additional benefit. The results so far thus confirm that lignin can only be successful as a pressing aid for
pelleting on the basis of targeted engineering.

proPellets Austria project KraftPell (FFG-Nr. 884529) is supported by FHP - Cooperation Platform Forest
Wood Paper and seven companies. Co-research: Slovak University of Technology in Bratislava (lignin
modification) and BEA Institute for Bioenergy (chemical analysis).
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Abstract

Ley, i.e. different species of grass and leguminous plants, is grown on 44% of Sweden's arable land.
Ley has many added values, both for crop rotation and for landscape diversity. In Sweden, ley is an
underutilized resource, and is a promising raw material that does not compete with food production. In
this project, financed by the Swedish Energy Agency, we studied an agricultural biorefinery system
using ley and straw and combining extraction of high-value components such as proteins with biofuel
production. In a first step the ley is fractionated and the liquid fraction goes to extraction of primarily
protein whereas the solid fraction is used for ethanol and biooil production and the remaining organic
matter is used for biogas production. The harvest and supply of ley to the biorefinery were described
and lab scale tests were focused on extraction of high value components, ethanol, biooil and biogas
production.

Lab scale tests carried out by using fresh and ensiled timothy after screw pressing for characterization,
identification of valuable components for food applications. Methods to increase yield and quality of
the protein concentrate were also evaluated. The crude protein yield in the liquid fraction found to be
higher for ensiled timothy compared to fresh but showed lower levels of true protein due to polypeptide
chain degradation into smaller peptides and free amino acids during the ensiling process. The amino
acid composition of both ensiled and fresh timothy was similar to that of soya beans. Protein
precipitation of the liquid fraction from fresh ley using heat coagulation and isoelectric precipitation
followed by centrifugation resulted in similar protein content in the concentrate. Tests with enzymatic
treatment combined with pressing increased the protein yield of the process. Due to the protein
degradation during ensiling a protein concentrate could not be precipitated using the same
methodologies.

The solid fraction after screw pressing was tested for ethanol and/or biooil production through HTL,
hydrothermal liquefaction. For ethanol production, screw pressing as only pretreatment method before
the fermentation was not enough to achieve a sufficient release of sugar. Therefore, an extra
pretreatment using steam explosion was added and resulted in a sufficient level of sugar content for
fermentation. HTL, hydrothermal liquefaction, was tested as a technology to produce biooil from the
solid fraction, the process found to be stable and the bio-oil produced was of high quality with high
energy value and low ash content.

The potential to utilize the organic matter remaining in the residual water fractions after protein
extraction (brown juice) and biooil production was tested for methane production in lab tests. The
biogas production from the brown juice was fast showing that the remaining carbon was easily
available. The HTL residual water behaved differently, since the methane production was very slow to
start which indicated the presence of substances with toxic effects on the methane producing
microbes.
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The BIOFIT project is a HORIZON 2020 initiative that aims to facilitate the introduction of bioenergy
retrofitting in five specific industries, namely first-generation biofuels, pulp and paper, fossil refineries,
fossil firing power and Combined Heat and Power (CHP) plants. Within the project ten case studies for
retrofitting existing facilities have been studied in detail.

Increasing the share of biomass in industry supports Europe in becoming independent from fossil fuel
imports, in ensuring security of supply and in stabilizing energy prices. Spurred by innovation, bioenergy
technologies are becoming more advanced and diverse, leading to the production of a variety of
advanced transport fuels (first- and second-generation bioethanol, biodiesel and bio-kerosene),
intermediate bioenergy carriers and high efficiency, low carbon emission production of power, heating
and cooling. Besides erecting entirely new bioenergy plants, retrofitting existing facilities, meaning the
replacement of part of a plant or installation with state-of-the-art equipment, can be a good alternative
solution to replace fossil fuels or to upgrade outdated renewable technology. Retrofitting often results in
lower capital expenditure (CAPEX), shorter lead times, faster implementation, lower production time
losses and risks.

Within the project, ten case studies for retrofitting existing facilities have been studied in detail. These
case studies include the retrofitting of a first-generation ethanol facility to produce second-generation
ethanol, the retrofitting of the same facility to produce alcohol-to-jet sustainable aviation fuel; retrofitting
of a pulp mill to the production of ethanol from brown liquor, retrofitting of a pulp mill to produce biocoal
from wastewater sludge; adapting a refinery to co-process pyrolysis oil in the FCC for the production of
fuels with biogenic fraction, adapting another refinery to co-process used cooking oil in a hydrotreater
unit for the production of diesel fuel with biogenic fraction; retrofitting a coal-fired power plant to allow
biomass co-firing, converting another coal-fired power plant to the use of thermally treated biomass;
converting a combined heat and power plant to the use of biomass, and converting a fossil oil boiler for
district heating to the use of bio-oil. These retrofitting options are assessed in close cooperation with the
companies that operate the respective existing facilities; some companies have the firm intention to build
the assessed retrofit, while others use the case studies as basis for their investment decisions.

The case study assessments cover most of the options for integrating biomass into existing industrial
facilities, promising an easy to implement route to rolling out these technologies and making a significant
impact on GHG emissions in the near term. The assessments include technical process description,
supply chain analysis, environmental analysis, techno-economic assessment and market assessment.
We will present highlights from these case studies, describe challenges that we have encountered and
lessons learned about how existing industries can be adapted to use more biomass and produce more
bioenergy and biofuels.
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ABSTRACT

An evaluation of sugar contents and biofuel potential of E. crassipes, P. stratiotes and S. molesta was
carried out using oven drying at 105°C for 6hours, pulverization, hydrolysis, overliming, detoxification
and fermentation. The result shows that maximum ethanol yield of E. crassipes is 25ml, 25ml for P.
stratiotes and the least content of 20ml was found in S. molesta after 21days of fermentation with
means yield of 18.3, 17.6 and 15.0 respectively. Determinations of xylose and glucose content were
achieved using phloroglucinol assay and Dinitrosalicylic assay respectively. The amount of glucose
and xylose detected in E. crassipes, P. stratiotes and S. molesta were (0.08, 0.11g/l), (0.07, 0.09g/l)
and (0.04, 0.07g/l) respectively. The variation in the amount of sugars, determined the amount of
ethanol yield. The macrophytes used in this study represent a good source of Biofuel production.

Key Words: - Fresh water biomass, Biofuel, Fermentation, phloroglucinol assay,
Dinitrosalicylic assay.
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Goal

The aim of the study is to determine and balance the greenhouse gas emissions of dairy farms (including
their respective on-farm characteristics, e.g. own electricity generation) that supply slurry and solid
manure to Biogas Wipptal GmbH (status quo).

Method

The method used was the calculation standard for individual operation climate balances (BEK) in
agriculture, climate gases according to the IPCC AR 4 report, and adapted to the corresponding system
boundaries of the farms considered (dairy farms and biogas plant).

Scope

The status quo of the dairy farms including manure deliveries to the biogas plant, credits for the
production of biogas electricity and manure pellets and for further operational renewable electricity
production are taken into account. In a hypothetical comparison scenario, the dairy farms without a
biogas plant are shown if any farm manure surpluses had to be transported away.

Results

The results include the greenhouse gas emissions per kg ECM (Energy-Corrected Milk) for 6 of 66 dairy
farms participating in the biogas plant Wipptal for the year 2019. Starting from dairy farms without further
utilisation cascades or expansion stages (biogas, fertiliser use and renewable electricity generation),
each additional expansion stage results in an improvement in terms of greenhouse gas emissions,
calculated in COze (= CO2z equivalents).

For the 6 farms balanced, this results in the following ratio of specific greenhouse gas emissions per
kg ECM. The status quo: farms incl. biogas plant results in 533 to 826 g CO2e per kg ECM. If the credits
for own electricity generation from renewable energy (photovoltaics, hydropower) are also taken into
account, the COze are reduced to 197 to 656 g per kg ECM. In the comparison scenario: dairy farms
without biogas plants, the amount would be significantly higher at 740 to 939 g CO:2e per kg ECM. The
level of emissions is decisively determined by the lifetime milk yield per cow.

A look at the specific greenhouse gas emissions per dairy cow, demonstrates the ratio. With the status
quo: farms incl. biogas plant, this is between 5.5 and 8.4 t COze per dairy cow. If the credits for own
electricity generation from renewable energy (photovoltaics, hydropower) are also taken into account,
the CO2e are reduced to 1.8 to 8.1 t per dairy cow. In the comparative scenario: dairy farms without
biogas plants, the amount would be significantly higher at 6.6 to 9.4 t CO2ze per dairy cow.

Conclusion and potential for improvement

The cooperation of dairy farms with the Wipptal biogas plant has a favourable effect on the climate
balance of the dairy farms. This is because the residues from milk production are currently used to
generate electricity and heat and to produce fertiliser pellets to substitute mineral fertiliser. Emissions
can be further reduced by using fuel as biomethane or bio-LNG and by producing dry ice. Apart from
this, there is still potential for optimising farm management practices (e.g. collection intervals and
storage of farm manure and digestate, use of biomethane and bio-LNG for management and transport,
optimisation of feeding) with which the climate balance can be improved. By increasing the use of dual-
purpose breeds with high lifetime milk yields and expanding cooperation with suckler cow farms in the
fattening of male calves, the total greenhouse gas emissions from milk and beef production could again
be significantly reduced.
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The Riebenbauer engineering office carried out a feasibility study for the Brucker Biofernwarme
(Brucker bio district heating) as part of the "Solar thermal energy - large solar systems" program.

Initial situation Bruck an der Mur:

Since 2008, a biomass heating plant with two biomass boilers with a nominal heat output of 4,000 kW
each, including a district heating network for year-round heat supply, has been operated in the
municipality of Bruck an der Mur. In 2012, the heat supply was optimized to a maximum output of 16.6
MW of waste heat by extracting waste heat from the local paper mill Norske Bruck an der Mur.

A second biomass heating plant is currently being planned. This biomass heating plant will be built at
a location where a large solar system can be set up in the immediate vicinity. Due to the current
massive expansion in Bruck, a feasibility study was carried out to reduce the future need for biomass.
Calculation and simulation variants: The aim of this feasibility study was to calculate the optimal size
of a solar concept including seasonal heat storage. At the same time, the integration of the solar
thermal system into the existing district heating network was planned.

Two variants were developed for this purpose.

Variant 1 is a "large-scale solar thermal system with long-term storage". For comparison, in variant 2,
a smaller "thermal solar system for summer off-peak periods with short-term storage" was also
examined.

Variant 1: collector area 49,875 m2 / storage volume 150,000 m3
Variant 2: collector area 14,949 m2 / storage volume 5,000 m3

Results:
The feasibility study carried out in Bruck an der Mur is intended to show potential for future heat
supply concepts in cities.

Large-scale systems can be implemented economically, but such a project must be viewed in the long
term. It makes sense to plan in expansion stages.

In order not to use the areas solely for solar thermal systems, it would make sense to use the green
areas for agriculture at the same time. The design of the solar collectors was therefore planned on the
lower edge 1 m above level, for example to enable livestock such as sheep or chickens to be kept
underneath.

In order to finance such a project, a contracting model could be set up. On the other hand, it would
also be possible to involve the population of Bruck an der Mur in this project and to initiate citizen
participation models for solar thermal energy.

Due to the energy crisis and the need to deal with the raw material wood even more efficiently in the
future, the relevance of large solar systems is increasing enormously.
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Introduction:

Green gas biomethane (bioCH4) and biohydrogen (bioH2) are expected to be key contributors towards
the decarbonisation of the EU energy system', as renewable gasses are injected to the Natural Gas (NG)
grid. But the extent of that growth strongly depends on the market and policy environment as well as on
societal acceptance. The EU Green Deal and the Fit for 55 package bring new opportunities to scale-up
biogas, bioCH4 and BioH2 deployment in Europe. However, policy at Member State level is not always
adequately tailored to the actual capacities of raw material and industrial infrastructure as well as market
specificities.

Objectives: The ultimate objective of GreenMeUp is to facilitate the wider market uptake of biomethane in
the European energy and transport sectors by strengthening the market in countries with slower market
development policies.

This will be achieved by bringing together: The European Biogas Association that will bring forward good
practices and lessons learnt from countries having the highest market shares; a set of advanced countries
(Germany and lItaly) with improved biomethane market uptake and developed policy and institutional
frameworks to actively participate in exchanging practical knowledge and experience; a set of target countries
with lower development rates in the respective issues (Greece, Spain, Poland, Latvia, Estonia and Czech

Republic) which would benefit from stronger bioCH4 market and policy measures.

Results:

A comprehensive overview of production routes (feedstocks, technologies) and end-uses of renewable
gasses as well as existing policy frameworks in advanced European and Mission Innovation countries, as
well as in the target countries is being prepared. Good practices and lessons learnt will be discussed in the

paper.

GreenMeUp website: https://www.greenmeup-project.eu/
GreenMeUp LinkedIn: https://www.linkedin.com/company/greenmeup-project

! EC, European Energy Security Strategy - Communication from the Commission to the European Parliament and the Council, vol.
2014, COM, 2014, p. 330.

This project has received funding under European Union’s Horizon Europe programme, under
Grant Agreement n. 101075676.
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Abstract:

EU-H2020 project “FIexSNG” is currently developing a novel gasification-based process that can flexibly
produce pipeline-quality biomethane alongside high-value biochar and renewable heat from low-quality
biomass residues and biogenic waste feedstocks. The target is at medium-scale conversion plants with
50-150 MWth feedstock input that allows the use of local biomass residues and biogenic waste fractions
without heavy transport logistics. The key innovative technology that essentially forms the core of the FlexSNG
concept is the flexible gasification process that can switch between two operation modes according to price
signals and market demand: 1) co-production of biomethane, biochar and heat, and 2) maximised production
of biomethane and heat. This approach also makes possible to use a much wider range of lower quality
biomass residues and wastes as feedstocks compared to state-of-the-art gasification technologies. The
produced biomethane can be readily injected into the existing gas infrastructure for distribution to various
end-consumers in the transport sector (gas vehicles,heavy-duty trucks, shipping), heat/power production,
industries, households and combined heat and power (CHP) plants. The co-produced biochar, on the other
hand, is a solid and therefore easily storable bioenergy carrier that can be used to displace fossil feedstocks
in the wider energy system (e.g. thermal generation, co-firing) and industry (e.g. iron and steel making) but
also has wide markets in material use (e.g. soil amendment, activated carbon). The FIexSNG plant is
integrated with local energy systems to utilise by-product heat from the process as renewable steam to
industry, or as renewable district heat to communities. Such heat integration enables high overall efficiency
(>80%) that is comparable to combined heat and power production plants.

The key innovative unit in the FlexSNG process is the novel gasifier that can flexibly switch between co-
production of biochar and syngas and maximised production of syngas. The Bubbling Circulating Fluidised-
Bed (BCFB) gasifier employed in FlexSNG is based on an innovative combination of the two fluidised-bed
reactor types: a bubbling and a circulating fluidised-bed. The BCFB gasifier was originally developed and
patented by VTT in the early 2000’s. The technology was specifically designed for lower grade feedstocks and
tested back then in fuel gas applications with waste fuels (air-blown mode). In the current project, the BCFB
gasification technology is now adapted to co-production of biochar and synthesis-quality gas, using steam and
oxygen as fluidising gases.

FlexSNG website: https://www.flexsng.eu/
FlexSNG LinkediIn: https://www.linkedin.com/company/flexsng-project-h2020/
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Aim and approach used:

The main aim of the Horizon Europe Fit4Micro Project is to develop a microCHP unit running on sustainable
liquid biofuels. The application of this unit is foreseen at multi-family houses and at remote or off-grid locations.
This technology will lead to very high electrical efficiencies (>40%) and a flexible heat/power ratio. Moreover,
the usage of a truly advanced and RED2 compliant biofuel will guarantee a high GHG emission reduction. This
flexible hybrid energy system is based on a double-shaft micro gas turbine (mGT) combined with a novel
humidification unit, and will be able to provide renewable heating, cooling and power production, mainly for
domestic usage.

Scientific innovation and relevance:

The technology developed in Fit4Micro is based on a hybrid heating system. These systems have several
advantages compared to pure electrically driven ones: they can supply heat at a similar temperature to gas or
oil boilers, with little impact on efficiency. For this reason, they are particularly attractive in the retrofit market
for hard-to-treat homes. In order to implement the Fit4Micro solution, the research’s starting point is the
innovative Intercooled Regenerative Reheating Gas Turbine (IRRGT) prototype from MITIS, which works with
flameless combustors that can achieve very low emissions and high fuel flexibility. This turbine will be improved
during the project implementation, aiming at increasing its current design efficiency from 29.6% to 40%. Then,
a prototype combustor will be developed and built, in order to advance flameless combustion with liquid
biofuels for use in the turbine. The Fit4Micro project investigates those systems in which the solution provides
an improvement to the climate performance. These results will assist decisionmakers in implementing the
technology in order to obtain the highest emission reductions.

Expected outcomes and results

The development of this hybrid heating system significantly increases the socioeconomic and environmental
sustainability in household sector, replacing fossil fuels with biofuels. Moreover, activities in Fit4Micro
contribute to increase the share of renewables at consumer level: one of the main outcomes of the project
concerns the production of low-cost biofuel with good technical characteristics.

FitdMicro LinkedIn: https://www.linkedin.com/company/fit4micro/

This project has received funding from the European Union’s Horizon Europe programme under Grant
Agreement n. 101083536.
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Rising populations and industrialisation have drastically increased environmental pollution by heavy
metals (HMs) and organic micropollutants (OMPs). Due to the low natural degradation rate in water
bodies and the incomplete degradation performance of municipal wastewater treatment plants
(WWTPs), there is an eco-accumulation of HMs and OMPs. Activated carbon contact basins in
wastewater treatment plants are supposed to provide a remedy. However, the use of fossil feedstocks
in the production of activated carbon (AC) has recently fallen into disrepute. For the past 2 years, the
Josef Ressel Centre at MCI Innsbruck has been working on the production of functionalised activated
carbon from municipal residues for use in wastewater treatment plants. Single-stage pyrolysis of
biomass impregnated with ZnClz has proven to be an effective activation method for the production of
functionalised activated carbon. Municipal waste wood and forest wood chips were used as biomass.
These types of AC are characterised by high specific surface areas (up to 1960 m?g™") and the presence
of oxygen-containing functional groups. In comparative adsorption tests, AC produced by ZnCl:
impregnation were compared with commercially available AC as well as a gasifier char from a wood
gasification process and a subsequently activated gasifier char. 6 different HMs (Zn, Ni, Cd, Cu, Pb, Al)
and 6 OMPs (benzotriazole, carbamazepine, diclofenac, metoprolol, sulfamethoxazole, valsartan) were
chosen as lead substances for adsorption capacity. Chemically impregnated AC, for example, showed
an adsorption capacity of up to 25.5 mg g™ for Pb; in comparison, a commercially available AC adsorbed
only 1.61 mg g™'. With regard to OMPs, similar adsorption capacities (220-300 mg g*') were measured
in each case. Overall, chemically impregnated AC from municipal residues offers a regionally available
alternative for adsorption of pollutants in WWTPs. For large-scale application, production on a larger
scale should be investigated.

Acknowledgement: The financial support by the Austrian Federal Ministry for Digital and Economic
Affairs and the National Foundation for Research, Technology and Development, the Christian Doppler
Research Association as well as the participating companies is gratefully acknowledged.
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Generalities

The step of CO2 Removal is essential in Biomethane production, regardless of the pathway of its generation
(through biogas-anaerobic digestion or syngas-gasification route). In both the ways, CO2 needs to be
eliminated to higher the calorific value of the gas and meet the quality of Natural Gas standards.

Several CO2 Removal Technologies are available on the market (membranes, PSA, water washing,
chemical washing, cryogenic), with different cost and performances. The optimal selection for the CO2
Removal in each Project depends from a number of factors like: size, environmental performance, climate,
energy cost, integration with existing infrastructure, footprint.

Until few years ago, among the chemical washing for Biomethane Upgrading, organic or amine-based
solutions only were considered. Amine solutions have the best performance in CO:2 capture as well as an
outstanding off-gas purity. However, they have very high thermal energy demands for solution regeneration.
Moreover, there are many rising concerns about their environmental impact: those solutions are highly toxic
and volatile, leading to potential risk associated with environment contamination and solution management.

Now, thanks to the Green Methane introduction of Hot Potassium Carbonate (HPC) solution into the
Biomethane market, there is an environmental friendly alternative for Upgrading based on chemical washing.
Thanks to the massive experience of Giammarco-Vetrocoke (GV) in design and licensing of HPC schemes
for COz2 capture in any industrial field, Green Methane has putted into the market a solution that has
demonstrated to be as good as amine washing in terms of CO2 capture and off-gas purity performance, but
less demanding in heat demand and making use of a non-toxic solution.

Typical Figures in Biomethane field

In biomethane applications, Green Methane technology has now 13 References. The following parameters
are typically met:

Electric Energy Demand: <0.2 kWh/Nm3 of biogas

Net thermal Energy Demand: <0.1 kWh/Nm3 of biogas
Residual COz2 in Biomethane: <1%

Off-gas purity: CO2>99.9% dry basis (CH4 slip<0.1%)
Other applications

The Giammarco-Vetrocoke HPC Process has been recently applied in four FEED for Gasification Projects.
The technology has been selected thanks to its robustness, the excellent off-gas purity, the low energy
demand, and the low capex associated with the CO2 Removal. Now Green Methane is in position to offer
turn-key CO2 Removal Plants based on the GV HPC Process.

Green Methane utilized GV HPC Process in a novel demo application capturing CO2 from Flue Gas coming
from an incineration process. The Plant is located in a Waste to Energy complex in North Italy,
commissioned in July '21 and operating since then. A stream of Flue gas prior to the gas stack is sent to the
plant to capture the CO:2 and convert it into sodium bicarbonate for reutilization within the factory itself.
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Combustion processes produce harmful nitrogen oxide gases (NOx) which contribute in the formation of
acid rain and smog, as well as in the reduction of the ozone layer in the stratosphere. Moreover, the
tropospheric ozone layer is affected by these gases, which additionally irritate and damage the
respiratory organs of human beings. Reducing and keeping the emission of oxides of nitrogen at a
minimum is therefore highly important, especially with increasing combustion of different types of
biomass and biogenic residue for heat and energy production. These fuels can have a high nitrogen
content in some cases, leading to higher NOx emissions. In this study we investigate economic methods
to reduce the NOx emissions from wood pellet combustion in a grate firing configuration by employing
selective non-catalytic reduction (SNCR). The effects of SNCR on the emissions are investigated by flue
gas analysis. These effects are systematically studied regarding temperature, initial and total air
stoichiometry, and reduction agent stoichiometry. The slip of ammonia, when implementing SNCR, is
also taken into consideration and the influence of the parameters on the intermediates of NOx is
investigated in a fixed be reactor. By implementing SNCR, the emission of NOx can be minimised. In
future work, we will investigate the effects on NOx emissions in other firing concepts, e.g. pulverised
entrained flow combustion, and expand on the acquired knowledge through modelling and simulation of
the reactors in order to scale up the NOx emission reduction methods.
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Nano sized and conductive carbon allotropes such as graphene and carbon nanotubes, called as technological carbon
materials, are very promising materials for flexible, portable, miniaturized, stretchable, lightweight and thin electrical
and electronic devices. Their functionality, high charge mobility, thermal stability, certain rigidity and high electrical
conductivity make them profited, preferred and trend substances in smart, eco-friendly and sustainable
conductive/semiconductive manufacturing processes [1,2].

The technological carbon is synthesized by chemically or expensive processes mostly using the energy sources of
fossil fuels which are diminishing and the main reasons for climate change.

Renewable, sustainable, environmentally friendly and clean resources on emerging flexible and soft electronic
technologies are desired. Biomass is the only renewable carbon resource which could offer inspiring nano sized carbon
allotropes from nature affluently [3].

In this work, graphitic and conductive carbon was derived from industrial tea waste by pyrolysis and electrochemical
exfoliation assisted with sonication. Detailed structural characterizations such as TEM, XPS, BET and FTIR were
performed. Electrical conductivity was determined by the 4 point method.

[1] Zheng, Y., Wei, J., Liu, J., Chen, L., An, K., Zhang, X., Ye, H., Ouyang, X., Li, C., Carbon materials: The
burgeoning promise in electronics. Int. J. Miner. Metall. Mater. 2022, 29, 404—423.

[2] Sakai, K., Ishida, Y., A design of an improved anti-windup control using a pi controller based on a pole
placement method. Int. J. Simul. Syst. Sci. Technol. 2016, 17, 1.1-1.7.

[3] Ouyang, D., Hu, L., Wang, G., Dai, B., Yu, F., Zhang, L., A review of biomass-derived graphene and
graphene-like carbons for electrochemical energy storage and conversion. New Carbon Mater. 2021, 36, 350—
372.

Subject area: Biomass and residue based refineries (green carbon)
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Biomass is one of the most important renewable energy sources and according to current energy
strategies, its utilisation for heat and electricity production, renewable fuels and material use will be
further increasing. To meet these expectations, the available biomass resources must be used with the
highest possible efficiency. By combining absorption heat pumps (AHP) with flue gas condensation units
for biomass CHP plants, the overall efficiency is significantly increased and up to 40% more energy
output is achieved from the same amount of fuel.

Heat recovery with economiser (sensible heat) and flue gas condensation (sensible heat + latent heat of
wet flue gas) are installed downstream of biomass boilers to increase the overall plant efficiency. Heat
recovery by means of passive flue gas condensation is limited by the return temperature of the heat sink
(e.g. heat network). Thus, the heat recovery rate is max. 10-15%. Integrating an AHP leads to an active
flue gas condensation system operated at significantly lower temperatures which leads to lower flue gas
temperatures and heat recovery rates >30%.

Like conventional heat pumps, AHPs can raise heat from a lower to a higher temperature level. But they
are driven by high-temperature heat (typically up to 150°C) and an absorption/desorption cycle using
water as refrigerant and a LiBr-water solution as solvent. Hence, instead of expensive electric power the
heat produced by the biomass boiler can be used as driving energy to recover otherwise unused low-
temperature heat from the flue gas by lifting its temperature. While doing this, the driving heat is not lost,
but can still be used together with the recovered heat, for example in a district heating network. This
significantly increases the heat output and the overall plant efficiency without additional fuel demand.

Several high-efficiency plants with absorption heat pumps and active flue gas condensation have already
been implemented. Operating data of the plants show that flue gas temperatures in the range of 20°C and
heat recovery rates up to >40% are achieved. The plants are characterised by very low maintenance
costs, very low consumption of operating resource and a long service life.

StepsAhead has developed and implemented a wide variety of technical concepts for single and multiple
boiler plants as well as biomass CHP plants. Special attention was paid to individual design, optimal plant
integration adapted to the respective conditions and a special control concept for the AHP to maximise
the yield in different load conditions. StepsAhead has developed a new system concept in which driving
heat of 105°C is sufficient. This can be provided by conventional biomass boilers. Hence, no upgrade or
reinvestment costs for high temperature boilers are required and it reduces operation costs since less
strict legal requirements apply. This development was made possible by detailed analysis of the internal
processes of the AHP and the creation and validation of a detailed physical model of the absorption and
desorption process as basis for carrying out comprehensive simulations of the entire plant. This
innovative concept allows an easier integration of AHPs into biomass heating plants and is especially
interesting for existing or smaller plants. The disadvantage is a lower yield, which is compensated by
lower costs for boiler, integration and operation.

High-efficiency biomass CHP plants with AHPs and active flue gas condensation represent the state of
the art in technology and efficiency. The systems are proven under real operating conditions and are
increasingly implemented in biomass heating plants from approx. 3 MW up to large-scale power plants.
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Bioeconomy as a scientific concept was first introduced in the 1970s through an analysis of the economic
process with respect to fundamental laws of physics, implying that negative impacts of resource
extraction could be reduced by a circular economy with minimized resource throughput. This notion of
bioeconomy never caught up in political economics and was reinterpreted at the beginning of the new
millennium by a political agenda for industrial biomass production und conversion in the EU and other
developed countries. Following extensive criticism on having missed out on social and ecological
sustainability, the EU revised their strategy to include accompanying ecological research, and inspired
countries around the world to develop their own interpretations of a bioeconomy.

With this particular development of the concept, bioeconomy presents a rather unique history: Its origins
as a scientific concept progressed into the academic discipline of ecological economics yet thereof
inspired bottom-up movements within the nature conservation spectrum have however failed to gain a
particularly strong influence in political economic discourses within the 50 years of its development. The
reinterpretation of the term by the European Commission as a high-level top-down strategy on the other
hand has now provided unparalleled leverage for the implementation of truly transformative policies.

Through literature review and policy analysis we have identified the intentions of most current
bioeconomy strategies to enhance a circular biobased economy. They do however differ significantly in
the degree in which they either continue to rely on established means of resource extraction, or
implement alternative ways of material and energetic resource use. While the former seeks to maximize
material substitution by biogenic resources, the latter approach aims at deriving transformation
strategies based on the resources sustainably available. Additionally, the recognition of the necessary
cultural change, in particular with respect to consumption patterns, is rarely discussed, much less are
strategies for promoting such a necessary change implemented.

With this contribution to the conference we would like to emphasize the diversity within the discourse of
bioeconomy concepts, and shed light on perspectives that are commonly overlooked in the dominant
political bioeconomy interpretations. We propose that the further science-based development of
bioeconomy strategies should lead to a view on bioeconomy not merely as a technical-economical
solution for a decarbonized society, but a holistic approach to economy as part of a socio-cultural system
integrated into the natural environment from which it draws the resources for survival and propagation.
Furthermore, we argue that with the global tailwind of international recognition as a political agenda, the
advancement of the bioeconomy as a narrative for sustainable economic development in strong
accordance with the most recent findings in climate and earth system sciences provides a unique
opportunity to catalyze the socio-ecological transformation.
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The reduction of fossil fuels and the increasing demand of activated carbon (AC) requires a sustainable
production of AC from a variety of biogenic materials, including waste. The use of gasification carbon
(GC) as precursor for AC meets these framing conditions and additionally achieves negative CO:2
emissions. The porosity of GC is not sufficiently developed for various adsorption applications, which
requires thermochemical activation.

In order to maximize the quality and quantity of the produced AC, the optimal activation parameters, i.e.
temperature, time and activation medium (CO2, H20(g), Air), have to be determined. Therefore, 7g GC
are activated in a lab-scale fluidized bed reactor at 750 to 850 °C between 5 and 20 min. The mass loss
during activation increases with temperature and time. The porosity (specific BET surface area, pore
volume), on the other hand, stagnates with CO2 and even decreases with long activation times if H2O(g)
is used. Nevertheless, H20) yields at 850 °C and 12.5 min the best results with 795 m?g' and 45 % of
micropores. Considering the trade-off between mass loss and developed porosity, optimal activation
parameters can be observed — e.g. for CO2 828 °C and 15 min. Higher specific BET surface areas are
achieved with H20(g) and larger proportions of micropores with COz2. By sequential activation, in which
H20(g) first expands existing pores and subsequently CO2 forms new micropores, high surface areas
(800 m?2g™") and a high share of micropores (50 %) can be achieved, but also a high mass loss results.
The addition of air, which should enable a more economical activation process, results in significantly
lower porosity. Nevertheless, the surface area can be more than doubled compared to the GC.

The optimal parameters are to be transferred to an already developed pilot scale activation reactor,
which is integrated into a commercial wood gasification plant.

Acknowledgement: The financial support by the Austrian Federal Ministry for Digital and Economic

Affairs and the National Foundation for Research, Technology and Development, the Christian Doppler
Research Association as well as the participating companies is gratefully acknowledged.
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This abstract is submitted to be considered for oral presentation at the 7" Central European Biomass
Conference CEBC 2023 under the subject area: Biomass and Residue-based Biorefineries or any other subject
area the organising committee may deem appropriate for this presentation. The presentation will be based on
the results from the following two published journal articles:

1. W. Siwale, S. Frodeson, J. Berghel, G. Henriksson, M. Finell, M. Arshadi, C. Jonsson, Influence on off-
gassing during storage of Scots pine wood pellets produced from sawdust with different extractive
contents, Biomass and Bioenergy. 156 (2022) 106325. https://doi.org/10.1016/j.biombioe.2021.106325.

2. W. Siwale, S. Frodeson, M. Finell, M. Arshadi, C. Jonsson, G. Henriksson, J. Berghel, Understanding
Off-Gassing of Biofuel Wood Pellets Using Pellets Produced from Pure Microcrystalline Cellulose with
Different Additive Oils, Energies. 15 (2022) 2281. https://doi.org/10.3390/en15062281.

Fuel wood pellets have the tendency of internally generating and releasing heat and gasses without external
influence, these processes are termed as self-heating and off-gassing. The two processes begin immediately
after production and continues during storage. The self-heating and off-gassing of wood pellets therefore, poses
a challenge to their transportation and storage. The heat released due to self-heating is a fire risk while off-
gassing of toxic gasses such as carbon monoxide and some volatile organic compounds is a human health and
environmental hazard. With the increase in production volumes of wood pellets which has subsequently
increased the amounts of wood pellets in transportation and storage, there is need to find lasting solutions to
off-gassing and self-heating of wood pellets. The objective of this study was to determine the effect of amount
and type of extractives on off-gassing of fuel wood pellets. The aim is to come up with raw material pre-treatment
measures so as to produce wood pellets that are not liable to self-heating and off-gassing. Scots pine wood
pellets produced from sawdust with varying amounts of extractives namely; fresh pine sawdust (FPS), stored
pine sawdust (SPS), sawdust plus pine rosin (PRS), sawdust plus linseed oil (LOS), sawdust plus tall oil (TOS)
and acetone extracted sawdust (AES) were used to determine the effect of amount of extractives on off-gassing.
To assess the effect of type of extractives, pellets produced from synthetic microcrystalline cellulose and
different additive oils were used. Pure cellulose was used so as to eliminate the effect of other wood chemical
components i.e. hemicelluloses and lignin while the additive oils were intentionally selected to represent different
types of wood extractives (mainly fatty and resin acids) and they included: tall oil, pine rosin, linseed oil and
coconut oil. The pellets were produced using an Amandus Kahl Model 14-175 (3 KW power rating and 10 - 50
kg/h production capacity) pellet press and thereafter subjected to off-gassing tests under controlled conditions
using the ECOM J2KN analyser. The off-gassing results from Scots pine pellets showed that the total amount
of extractives in the raw material has little effect on off-gassing, addition of “additional” extractives did not result
in increased off-gas emissions, but rather lowered them somewhat. The pure cellulose pellets gave different off-
gas concentrations depending on the added additive oil. The highest mean concentrations of the off-gasses;
carbon monoxide, carbon dioxide and methane were recorded from pellets with added linseed oil. The formation
of methane started later than the carbon oxides and coincided with the time when residual oxygen was depleted.
The concentrations of carbon monoxide and methane for the other four pellet types were negligible and there
was no carbon dioxide emission. Pellets with added linseed oil had high off-gas emissions due to the high
content of unsaturated fatty acids compared to other pellet types.
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Einleitung

Seit UOber 15 Jahren begleitet das Qualitdtsmanagementprogramm klimaaktiv QM Heizwerke
verpflichtend geférderte Biomasse-Heizwerke und Nahwéarmenetze.

QM Heizwerke wurde eingefiihrt, da sich zum damaligen Zeitpunkt viele in Osterreich bestehende Anlagen
in einer Nachhaltigkeitskrise befanden. Durch die QM Heizwerke Qualitatsanforderungen und Richtlinien
konnte die Anlagen- und Ressourceneffizienz nachweislich  gesteigert und damit  technische,
Okonomische und 0&kologische Nachhaltigkeit sichergestellt werden. Die aktuell stark erhéhte Nachfrage
nach regionaler und  preisstabiler ~Warmeversorgung fohrt wieder zu einem Boom in der
Biomassenahwarme. Das beschleunigt einerseits die erneuerbare Warmewende, erfordert jedoch andererseits
mehr denn je die Einhaltung der durch QM Heizwerke definierten Qualitatskriterien, um nicht alte Fehler
zu wiederholen und Anlagenerweiterungen langfristig 6konomisch und dkologisch abzusichern.

Strategien und MaBnahmen

Wesentliche Strategie ist die Begleitung eines Nahwarmeprojekts durch erfahrene und ausgebildete
Qualitatsbeauftragte (QBs) vom Planungsbeginn bis zum Betrieb und der Optimierung der Anlagen. Die
Grundziige und der Prozessablauf des QM Systems sind in der Schriftenreihe der internationalen
Arbeitsgemeinschaft QM Holzheizwerke (ARGE QMH) festgelegt. In Osterreich werden die Projekte und die
Umsetzung des QM Systems im Rahmen der Forderabwicklung in der QM Datenbank, auf die alle
Projektbeteiligten Zugriff haben, erfasst. Dariiber hinaus werden auch Betriebsberichte der Anlagen uUber
mehrere Jahre gesammelt. Dieser Datenschatz ermdglicht anonyme Auswertungen, die wichtige
Informationen zum aktuellen Stand der Nahwarmeversorgung in Osterreich, sowie Inputs zur
Weiterentwicklung des QM Systems geben.

QM Heizwerke arbeitet auch an der Verbreitung von Informationen sowie MalRnahmen und Tools  zur
Unterstitzung der Nahwarmebranche und der Warmewende. Neben Mdglichkeiten zur rdumlichen
Energieplanung als Basis fur den nachhaltigen Ausbau und die Verdichtung der Nahwarmeversorgung,
wird auch die Nutzung alternativer Warmequellen und die zukinftige Rolle der Biomasse,
beispielsweise in der Industrie, beleuchtet. So wird derzeit an einer MaBnahme zur GIS-Erfassung
bestehender Warmenetze fir die Unterstlitzung der rdumlichen Energieplanung gearbeitet. Im Rahmen der
durch QM Heizwerke angebotenen Impulsberatung werden altere Anlagen kostenlos evaluiert und auf ihrem
Weg in die Zukunft beraten. Auflerdem wird daran gearbeitet, das Erfolgsmodell QM Heizwerke auch
international zu verbreiten.

Ergebnisse und Ausblick

Aktuelle Auswertungen der QM Datenbank zeigen stetig messbare Erfolge. Die durchschnittlichen
Netzverluste von Nahwarmenetzen sinken bei gleichzeitig steigenden Anschlussdichten und gesteigerter
Planungssicherheit. Das QM Planungshandbuch wurde in Zusammenarbeit mit der ARGE QMH vollstandig
Uberarbeitet, hinsichtlich der Einbindung alternativer erneuerbarer Warmequellen erweitert und steht nunmehr
kostenlos zur Verfugung. Besonders in Italien konnten groRe Erfolge zur Internationalisierung erzielt werden.
In der Region Friaul Julisch-Venetien gibt es seit 2021 ein neues vollwertiges Mitglied der internationalen
ARGE QMH und auch erste durch QM Heizwerke ausgebildete aktive italienische QBs. Die konsequente
Umsetzung, der von QM Heizwerke definierten Qualitédtsstandards ist notwendig um den langfristigen Erfolg
und die Effizienz 6sterreichischer Nahwarmeanlagen auch in Zukunft zu sichern und um das vorhandene
Biomassepotential bestmdglich zu nutzen.
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Due to the national efforts to decarbonize the heating supply of buildings and the "phase-out plan" for
fossil fuels, wood-based heating systems have again attracted public interest in recent years. The
current international crises also show the need of further reduction of the dependence on fossil energy
imports and increase the security of energy supply by using the sustainable biomass potential.

Modern wood-fired central heating systems are equipped with highly developed combustion technology.
To ensure maximum efficiency with very low emissions, an appropriate fuel quality and mode of
operation is necessary. In addition, modern control technology have considerable potential to optimize
the combustion process for reducing emissions from wood firing. The use of an accumulator storage
tank can make a significant contribution to this.

Whilst accumulator tanks are required for manual fed boiler with insufficient output control, their use can
also bring significant advantages with automatically stoked boilers as demonstrated by the project
results. As part of extensive tests on the BLT Wieselburg test stand, the potential for reducing emissions
by the use of accumulator storage tanks combined with automatically stoked boilers were examined.
The test were conducted with an automatically stoked boiler with a nominal heat output of 35 kW, fired
with wood pellets. Two different load cycles were used to simulate practical conditions.

Due to latest control technology, modern combustion systems are able to react to changes in heat
demand, especially with moderate load changes. Operating conditions with very low heat output (<20%
of the nominal load) as well as spontaneous and significant reduction of heat demand represents a
challenge for the combustion control. The tests results show that the use of an accumulator tank lead
to stable and constant combustion conditions over the entire running time close to the target temperature
of the storage tank. Near by the target temperature of the storage tank, the boiler adjust the heat output
accordingly. The control of the systems can thus adjust to a combustion that is as complete and therefore
low-emission as possible. In contrast, changes in the heat demand associated with the load cycles tests
without an accumulator tank leads to changes of the conditions in the combustion chamber. These
changes result in an imbalance in the combustion reaction and, as a result, increased emissions. The
increase in CO, OGC and dust emissions was particularly noticeable in phases with very low load
conditions, during start-stop operation or during ember maintenance.

In the course of the tests, it was found that an adequate boiler dimensioning and the associated boiler
operation also represent a great potential for reducing emissions from domestic heating. As the results
of the load cycle tests show, operating conditions with very low boiler utilization (start-stop operation)
should be avoided in practice, as this is where the highest emissions were produced. To prevent this, a
correct design of the heating system and the use of an accumulator tank are recommended.

With the new edition of the European Standard EN 303-5 in 2021, the accumulator tank has also found
its way into the testing procedure of automatically charged heating boiler. If an automatically boiler with
nominal output < 70 kW is not intended for operation at 30 % or less of the nominal heat output an
accumulator tank with the minimum volume and the type as specified in the technical documentation
can be installed when performing the minimum heat output test. As part of the test series, the challenges
associated with the implementation of the new standard and test requirements when using an
accumulator tank were also examined with in the project.
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Background

EU and national policies promote the use of biomass for material and energy purposes to foster a transition towards a
sustainable bioeconomy. This transition will rely to a large extent on the advancement in technology of a range of
processes, on cost competitiveness, on the achievement of breakthrough in terms of technical performances and will
depend on the availability of sustainable biomass. European forest-based industries and wood markets will take a crucial
role in this transition, but are confronted with several challenges in tackling the economic, pandemic and climate crises.

Objectives & Approach

A tool for techno-economic assessments based on pre-defined building blocks was developed to provide a basis for
taking strategic decisions on whether and how to increase the value added in woody biomass utilization: the “Wood-
Value-Tool”. This user-friendly Excel-calculation tool, developed within the project BioEcon at BEST — Bioenergy and
Sustainable Technologies GmbH, allows to specify selected processes in terms of technical parameters and to select
the desired input material.

Results & Outlook

The techno-economic assessment covers the investment, operating and raw material costs, expected product price as
well as mass and energy balances. Currently the following processes are included:

Combined heat and power

District heating plant

Pellets production

Wood gasification + BioSNG synthesis
Wood gasification + FT synthesis
Flash pyrolysis

e Wood supply

e  Pulp production (incl. Lignin and Hemicellulose
extraction)

Paper production

Regenerated cellulose fiber production
Sawmill

Panel production

Figure 1: Excerpt of the Wood-Value-Tool on the example of BioSNG

In a next step, further functions will be integrated in the “Wood-Value-Tool”, taking macro- and socio-economic as well
as sustainability criteria into account (such as CO2-equivalent emission calculations). The advanced tool is intended to
provide support for sustainable biomass utilization in different industries, based on environmental, economic and social
dimensions.
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The main obstacle to the further deployment of biomass-based gases in Austria in the last few decades
was the economic feasibility, although environmental goals for the reduction of greenhouse gases
already existed. Natural gas prices were very low before the COVID pandemic. However, the situation
changed significantly in 2022 due to drastic increases in energy prices.

The core objective of this paper is the analysis of prospects and challenges for biomass-based gas
production in Austria compared to fossil gas prices. Therefore, three different scenarios for price
developments of natural gas until 2030 were conducted. A stepwise increase in the CO:2 tax, assumed
to reach 120 €/ ton CO2 in 2030, was incorporated into the natural gas price scenarios. Depending on
the investigated scenario, the natural gas prices in 2030 would range between 8.3 and 21.57 €ct/ kWh
for non-household consumers.

Production costs for the biomass-based alternatives were previously calculated with the Levelized-cost-
of-production method and ranged between 4.8 €ct/ kWh for large biomethane plants processing
biowaste and 15.4 €ct/ kWh for small SNG plants processing wheat straw, assuming a 5% production
cost decline by 2030 based on technological learning.

The results for the biomass-based gases derived from waste materials showed good prospects to reach
competitiveness compared to the high natural gas price scenario, whereas subsidies will be relevant to
compete with a low natural gas price. However, it must also be considered that supply chains are
complex and increased fossil fuel prices in the past led often to increases in biomass feedstock prices
as well.
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The heating and cooling (HC) sector comprises 50% of the final European energy consumption.
Furthermore, it is responsible for over 68% of all natural gas imports. Permanently reducing energy
consumption and increasing the share of renewables in this sector is paramount for a sustainable
Energy Union. In particular, the fact that 80 million out of 120 million installed space heating systems in
Europe currently achieve an energy label class C or D gives rise to major concern.

In order to meet the climate change target of limiting global warming to 1.5 °C as well as the target of a
full decarbonisation by 2050, systems for space heating, which are based on fossil fuels must be phased
out as soon as possible. This applies to oil and natural gas boilers, but also to oil and coal ovens, gas
heaters, as well as to the supply based on fossil fuels for district heating (DH). Current heating sources
need to be substituted in the future by a broad mix of different renewable energy sources, including
biomass, solar thermal energy, free energy, geothermal energy, and renewable electricity for heat
pumps, but also district heat based on renewable and waste heat or energy sources from cooling.
Biomass is the dominant renewable energy source for space heating today and will play also a crucial
role in a fully decarbonised space heating scenario in Europe.

The EU H2020 project REPLACE (Contract No. 847087) aims to boost the phase-out of inefficient and
old heating and cooling systems by targeting consumers, investors/owners as well as intermediaries
(installers, plumbers, and chimney sweepers) and helps them to make independently informed
decisions.

All activities proposed by REPLACE aim to inform and motivate consumers to replace their old and
inefficient HC appliances with better, greener alternatives with the benefit of monetary savings and
improvements in air-quality, comfort, safety, and security of supply. REPLACE also addresses fuel
poverty and reduces the risk of a heating crisis by supporting the use of regional renewable energy
sources (such as solar, ambient heat or biomass) and equipment produced in the EU (biomass boilers,
heat pumps, solar collectors, DH equipment). At CEBC, an overview about the different project activities
will be given, and solutions that consider the already known bottlenecks of too few skilled workers will
be shown.
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Abstract

The presentation presents an innovative thermochemical process for the decentralized production of
green methanol. Biogas as well as H, and O, from renewable sources are converted into green metha-
nol with almost complete use of carbon. The level of innovation is at the basis of a new method for
producing the required synthesis gas combined with an equally innovative process interconnection, en-
ables almost complete use of carbon for the entire process. The concept is an adaptation of the FLOX
technology (FLameless Oxidation) known from combustion technology for generating synthesis gas
from biogas and an optimized energy and material flow connection with the coupled methanol synthesis.

The process development is designed to initiate a CO,-neutral value chain, the core concept of which
makes it possible to produce the basic chemical substance methanol from biogenic residues. The ad-
vantage compared to conventional production of biomethane is the use of both C-carrying and green-
house gas-relevant components CO, and CH, without a separation step for CO,. In addition, a higher-
quality product is also produced with methanol. Due to the high energy density, green liquid fuels are
advantageous for heavy-duty and air transport as well as for agricultural and forestry propulsion tech-
nologies. Green methanol can play an important role here as a fuel or as a base chemical for the pro-
duction of higher-value fuels such as kerosene and gasoline.

This is being implemented within the the R&D project SYMBOKO (ref. no. 03EE5070A, duration: August
1st, 2021 - July 31st, 2023, BMWK, PtJ), where a demonstration plant on a container scale will be built
and subsequently tested in order to, in the first step, demonstrate the innovative process for synthesis
gas production as a basis for methanol synthesis (30 kg/h). Almost all types of organic waste can be
used as the starting material for the biogas, but also energy crops, which are preferably cultivated in
sunny and dry (arid) regions: the prickly pear cactus, among others, is a promising option here, as it
absorbs large amounts of CO, from the ambient air while the water remains in the plant. With the ap-
propriate choice of substrate, the challenge of competing cultivation between food and energy crops
does not arise.

The presentation presents the current status of the project work and the R&D activities and results
previously carried out for this purpose, including the FLOX synthesis gas concept, the catalyst develop-
ment and investigations as well as the process interconnection and the engineering.

In summary, participation in the 7th CEBC 2023 is seen as an opportunity to present our work on
SYMBOKO to an international audience and to initiate international R&D cooperation from this. The
primary goal should be to lead the corresponding system from the demonstration mode to a biomass-
based marketable decentralized methanol production plant.
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Abstract:

White-rot fungi such as Pleurotus spp. and Lentinula edodes, among others, are commonly
cultivated on substrates made of hardwood residues and have the ability to use cellulose,
hemicellulose and lignin as carbon sources. The total global production of edible mushrooms
is approximately 34 Mt with a 30-fold increase since 1978, which corresponds to a value of
around 34 billion USD. After cultivation, approximately 70 wt% dry mass of the initial
substrate usually remains as a waste known as spent mushroom substrate (SMS). The latter
consists of partially degraded cellulose, hemicellulose and lignin, has no commercial value,
cannot always be reused within the mushroom production processes, and therefore, represents
a problematic waste that needs to be disposed of without generating environmental issues. In
this work, Pleurotus ostreatus was cultivated on substrates made of birch (Betula pubescens)
wood. The yield of the first flush of fresh mushroom fruit bodies was 420 g per kg DM substrate.
The SMS was employed as a carbon precursor to prepare activated biochars using the chemical
activation process with phosphoric acid (H;PO4-50wt%) as an activator. The activation process
was carried out in a tubular stainless-steel reactor heated externally by an electrical muffle
furnace. The impregnation was carried out in one step using a weight ratio of 1 SMS : 3 H3POs,
pyrolysis temperatures of 500, 700 and 900 °C, a heating rate of 10 °C/min and a treatment time
of 1 h. To study the effect of the degradation of the substrate caused by the fungi on the biochar
properties, initial substrate was used as a comparison. It was found that SMS led to higher
surface area at lower pyrolysis temperature. The specific surface area (BET) for the SMS based
activated biochars was 1325 m%/g (500 °C), 1223 m?/g (700 °C), and 1073 m?/g (900 °C). The
BET surfaces areas for the biochars produced from the initial substrate were 1214 m?*/g (500
°C), 1079 m?/g (700 °C), and 1002 m*/g (900 °C). A main difference between the SMS and the
initial substrate lies in the content of lignin and hemicellulose, 23.26% and 16.07% for SMS
vesus 18.29% and 6.51% for the initial substrate. Thermal degradation of lignin and
hemicellulose in N> atmosphere occurs at temperatures between 320-410 °C and around 290 °C,
respectivelly. The differences in the contents of thse two is probably the cause of the differences
in the surface areas. Apart from this, The SMS has a structure that is more porous compared to
the initial substrate because of the partial decay of cell wall caused by the fungus, and that
probably improved the contact and reaction between the activating agent (H3PO4) and the
precursor and led to higher surface areas.

Keywords: spent mushroom substrate; activated biochar; phosphoric acid activation;
adsorbents, surface area.
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Introduction

CHP plants based on dual fluidized bed (DFB) gasification can handle low-cost feedstock like wood residues
and produce a high-quality product gas as this is nearly free of N2. The technology is demonstrated in
existing plants whose efficiency and operation should be improved. For this reason, the potential for
improvement by means of process control was investigated on the basis of the DFB plant in Ulm, Germany
(HGA Senden), with 14 MW fuel thermal power.

A DFB plant generates product gas, which at the HGA Senden is utilized in two gas engines for combined
heat and power generation. This utilization requires stable product gas properties, but its generation
fluctuates inherently. Thus, a surplus of product gas is generated and the fluctuating part of this surplus is
burned in an auxiliary boiler. This surplus is automatically set via a PID-controller controlling the pressure
at the connection of production and utilization. If this surplus could be reduced, the electrical efficiency should
be increased.

Additionally, the average product gas generation at the beginning was manually adjusted via a dosing screw
providing fuel. This amount of fuel was decreased manually if too much product gas flows to the auxiliary boiler,
or increased if the demand of the gas engines cannot be met. If these manual adjustments could be replaced
via a controller, the product gas generation would be smoother and the operating staff would be relieved from
this task.

Model-based pressure controller

The aim of this work was to develop a model-based controller that decreases the surplus burned in the
auxiliary boiler and that automates the manual adjustments at the dosing screw. For this purpose, this controller
uses only the pressure at the connection of production and utilization as its single controlled variable. The
model-based pressure controller splits its action on the auxiliary boiler and the dosing screw via separation
into fast and slow pressure fluctuations.

This concept was implemented via two PID-controllers in parallel, together providing proper control quality
for fast and slow pressure fluctuations. This controller was parameterized and verified in simulation via a
mathematical model of the DFB plant. Finally, the controller was implemented in a conventional programmable
logic controller (PLC) at HGA Senden.

Results and conclusion

The model-based pressure controller was validated experimentally for one month at the HGA Senden. With this
new controller the product gas necessary for the same electricity production by the gas engines was reduced by
5%. This can be related to a reduced fuel consumption of similar value. Additionally, the dosing screw was
operated automatically relieving the operating staff from regular manual adjustments. As the developed
controller is a pure software update, it can improve the efficiency and operation of existing DFB gasification
plants.
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Around 80% of household energy consumption is used for space heating and water heating (mainly covered
by natural gas and heating oil) [1]. Climate neutrality can only be achieved if all oil and gas boilers are
decommissioned or converted to renewable fuels by 2045 at the latest. The 2021-2025 coalition agreement of
the new German government aims to stipulate in the Building Energy Act (Gebaudeenergiegesetz, GEG) that
by January 1, 2025 every newly installed heating system should be based on 65 percent renewable energy
[2]. However, due to the Russian war of aggression against Ukraine, the regulation has become more urgent,
so the date has been set for January 1, 2024 [3]. The GEG already requires the replacement of many oil and
gas heating systems that are more than 30 years old. These must be substituted with more efficient heating
systems. [4]

In OBEN project (https://www.dbfz.de/oben-oelersatz-biomasse-heizung), funded by the German Federal
Ministry for Economic Affairs and Climate Action, a variety of barriers were identified that prevent homeowners
from replacing an oil heating system with a renewable heating system. Among the most important barriers are
the complexity of the information available to homeowners for their decision-making process and the lack of
objective and independent advisors (installers, craftsmen, energy consultants). Combined with the complexity
of information, homeowners find it most challenging to find the appropriate heating system for the conditions
of their home and their specific heating needs. Moreover, the shortage of skilled workers is already a significant
problem in the craft sector today. This will be further intensified by more installation-intensive and complex
heating systems.[5] While oil and gas boilers are quite manageable technologies, renewable heating options
are often unfamiliar to owners at the beginning. Additionally, to ensure an efficient and safe supply,
combinations of renewable technologies (e.g. heat pump-biomass hybrid solutions) are often recommended
and must be optimally matched to each other and to the requirements of the building. Therefore, the necessary
planning, conversion and installation work is quite demanding and hardly manageable for the layman without
expert support. Finding one's way through the complex funding landscape in order to obtain the necessary
funding for the cost-intensive replacement is also a major challenge for many.

In OBEN project, it has been shown that the switch from oil to biomass heating does not only depend on the
technical challenges of the heating technology, but is largely influenced by the available information and the
"trusted" persons consulted by the owners during the decision process. Therefore, it is crucial to ensure reliable
and objective information on the internet as well as climate-oriented advice from trained heating installation
companies, energy consultants and other intermediary actors. As a central solution, the project team has
therefore identified a digital consulting tool for owners and consultants that brings together all the important
information and stakeholder contacts relating to heating system replacement in a single application (one-stop
solution) in order to support, simplify and accelerate the decision-making process. In the first step,
homeowners will be offered a suitable and socially desirable heating option by means of this digital application.
This suggestion can then be used to approach a suitable heating specialist who is able and willing to implement
the desired suggestion. Due to the shortage of skilled workers in the sector, however, the aim is also to work
with partners from the manufacturing industry to offer technologies that can be installed by laypersons
themselves with the help of assembly instructions.
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Seit vielen Jahren beschaftigen wir uns mit der kaskadischen Nutzung von bisher ungenutzten organi-
schen Reststoffen wie Stroh, Mist und Industrieabfalle. Begonnen hat es 2005 mit unserer Biogasan-
lage Okoenergie Utzenaich GmbH mit der wir 2007 aus Kostengriinden damit begonnen haben die
Einsatzmaterialien von Maissilage auf organische Reststoffe umzustellen welche seit 2015 zu 100%
nur mehr mit Reststoffen betrieben wird. Die Nutzung von inhomogenen Abfallen, wie Stroh und

Mist, galt bis dahin als sehr schwierig oder als nicht machbar da die technische und biologische Erfah-
rung fehlte. Aus diesem Grund entstand 2008 die Tochterfirma BioG GmbH, angefangen von der
Ernte, Materialtransport, Lagerung, Dosierung, Aufbereitung bis zur Anlagenbiologie hat sich BioG

um samtliche kritischen Schnittstellen die bei der Reststoffnutzung auftauchen angenommen und ge-
I6st. Mittlerweile durften wir bereits Gber 300 Projekte weltweit bei der Umstellung auf Reststoffe
begleiten und so auch eine Menge Erfahrung mit den verschiedensten Materialien sammeln.

CO2 Reduktionsziele und steigende Energiepreise machen alternative Formen zur Energiegewinnung
und somit auch die Biomethanproduktion aus organischen Reststoffen attraktiver als je zuvor.

Gerade auch fur landwirtschaftliche Betriebe bietet die Verwertung von Feldresten fur die Energie-
produktion 6kologische als auch 6konomische Vorteile und Chancen.

Wir haben es uns zur Aufgabe gemacht, Ressourcen vor Ort zu erkennt und nutzbar zu machen, an-
statt sie am Feld verfaulen zu lassen und sich von anderen Landern energetisch abhangig zu machen.
Das schafft nicht nur eine beachtliche Energiemenge und Treibhausgasreduktion sondern auch regio-
nale Ressourcenwandlungsprozesse und somit Wirtschaftsleistung und Arbeitsplatze in der Region.

Aber
+ wie aufwendig ist es diese Reststoffe in eine nutzbare Energieform umzuwandeln
* Welches Energie- und Treibhausgas Einsparungspotential liegt in diesen Materialien.
* Welche Energiemengen verschlingt das ,Verfligbar machen® dieser Reststoffe (Ernte, Aufbe-
reitung usw.)
* Welches Energiepotential liegt noch in diesen Reststoffen
* Welche biologischen Probleme kommen auf mich zu
*  Wie und in welcher Form passt Biomethan in den erneuerbaren Energiemix
* st ein ,echtes” unabhangiges regionales energieautarkes Energiekonzept mdglich
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As concerns for climatic changes and environmental impact of human behavior grew over the past
decades, recycling technologies became more and more attractive. For organic residues, a promising
way of recycling is its thermochemical conversion to burnable gases, biochar and - oil through
pyrolysis, because the valorization of biomass residuals and their conversion to green carbon and
renewable energy describe an important step in the direction to a circular economy. While the
gases and vapors are mainly interesting for energetic uses, the produced char offers a lot more
versatility in usage, like e.g. agricultural applications or its employment as an adsorbent for various
applications. Albeit nearly every biomass could be an interesting resource for biochar production,
one particularly important type of biomass are agricultural residues, due to the sheer amount that is
produced annually and the usually low usability. As of now, biochars from herb residuals and
agricultural remains are not completely unknown materials and there exists literature on various
different feedstocks. However, there is still a lack of research on how process conditions influence
the biochar properties of different input materials or interactions when processing raw material
mixtures. Thus, the aim of this work was to pyrolyze various different residuals from agriculture
and herb production (e.g. mary thistle or chive residues) and compare the produced biochars to
get a deeper insight in conversion properties of different raw materials as well as suitable fields of
application of the particular biochar produced. The different feedstocks were pyrolyzed with
lab-scale equipment (e.g. muffle oven and a single particle reactor), either purely or mixed in
defined ratios. Different temperatures were investigated and the developing gases were analyzed.
Char samples were characterized by physico-chemical analysis, like elemental analysis, calorimetry
and pH measurements. Results in terms of e.g. elemental composition, heating value, nutrient
availability or porosity are compared and impact of conversion conditions as well as input material
properties are identified. The results serve to improve the general understanding of biochars from
agricultural residues and the effect of co-processing different feedstocks in pyrolysis, while also
providing useful data on the properties of certain herbal and other agricultural residues.

The abstract is related to the topic:
Biomass and waste material based biorefineries / Biomasse und reststoffbasierte
Bioraffinerien
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Prioritat 1 fur die Urbane Raumwarmewende: Griine
Fernwarme flachendeckend ,,as a service*
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Der osterreichische Klima- und Energiefonds (KLIEN) fokussiert im Rahmen der ,Vorzeigeregionen Energie*
Zukunftslésungen in Kombination realer Demonstratoren mit der Forschung. Hier werden aus dem Leitprojekt
»Thermaflex” des Green Energy Labs die vom Autor bearbeiteten strategischen Impulse zusammengefasst und
in der Vortragsfassung in 9 Charts / 11 Minuten vorgestellt. Das Modell wurde Ende 2020 erstmals publiziert
und ist durch die Energiekrise 2022 stark aufgewertet worden.

Stadte mit Fernwarme haben eine besondere Rolle in dieser weitreichenden Herausforderung fur beispielhafte
Realisierungen bei der Warmewende. Der Warmemarkt ist, wenn er nicht-fossil dargestellt werden soll, als
lokale bzw. regionale Kreislaufwirtschaft realisierbar und somit wesentlich unabhangiger von (globalen)
Borsenpreisen. Das ist, neben Klimazielen, in Hinblick auf die disruptiven Marktveranderungen und
Neubewertungen wie der wirtschaftlichen Landesverteidigung (Gegengewicht zur Gas-Erpressbarkeit) und
Versorgungssicherheit im Jahr 2022 von entscheidender Bedeutung.

Ausgangspunkt war das im STRATEGO-Projekts festgestellte Ergebnis mit Skalierungsanspruch auf alle EU-
Stadte: ,Es wurde gezeigt, dall es in dicht besiedelten Gebieten in Hinblick auf Energieeffizienz,
Wirtschaftlichkeit und CO2-Emissionen auf lange Sicht (Perspektive 2050) am sinnvollsten ist, die
Warmeversorgung fast ausschlie3lich auf Fernwarme aufzubauen".

Diese Pramisse wurde im Strategiefindungsprozess des , Thermaflex“-Projekts validiert und flr den Rollout in
der Vorzeigeregion Osterreich extrapoliert. Neben den Demonstratoren war insbesondere der
Erkenntnisgewinn aus der Energieraumordnung, die Ereignisse der (Energie-) Markte 2010-22 und Statements
der Stakeholder wichtiger Input fur die diese Arbeit.

Das Postulat ,Prioritdt 1 = griine Fernwarme* ist eine Bottom up Strategie der Stadte, die Regulative und
Rahmenbedingungen auf flachendeckende Fernwarme in dicht verbauten Zonen verbindlich auszurichten.
Dieser Ansatz erganzt Top-down-Ansatze der nationalen Impulse wie zB das EWG.

Konsequent dem folgend werden fur den stédtischen Raum keine Einzellésungen mehr zugelassen, sondern
eine Lésung mit ,shared infrastructure” praferiert. Das ist aus Smart City Perspektive nur folgerichtig und wird
am Beispiel Abwasserinfrastruktur und deren Entwicklung im 20. Jahrhundert demonstriert. ,Griine Warme as
a service“ ist wie Abwasserentsorgung ein ,Smart City must have®, das flichendeckend real und voll digitalisiert
auszufuihren ist im dichten Stadtgebiet. Nach derzeitigem Forschungsstand sind damit um die 66-70% aller
Einwohnerinnen in Osterreich zwischen 2030 und 2040 mit ,Griiner Warme as a service® krisensicher zu
versorgen und zugleich vollstandig in real time Daten gestitzt erfasst. Die Nachfrageseite ist so fixiert.

Details und technische Perspektive liefert das ,Thermaflex-Modell* dazu, auch als ,Drehscheibe Fernwarme*
bezeichnet (AEE-Intec). Die Dekarbonisierung bestehender, noch nicht (ganz) ,griiner* Fernwarmeanlagen ist
dabei selbstverstandlich integrierter Task von hdchster Bedeutung. Der Task wird aber erst durch die Pramisse
der Maximierung der Nachfrageseite ,geboostert”.

Wirtschaftstheoretisch gesprochen transformieren wir so den bisher Angebot-orientierten Ansatz (push) in
einen Nachfrage-orientierten Ansatz (pull). Die Nachfrageseite wird verbindliche GroRe und so die
Raumwarmewende erstmals quantifizierbar, kalkulierbar, skalierbar, planungssicher und kommunizierbar. Erst
solche klaren, eindeutigen Rahmenbedingungen in einer Stadt schaffen Sicherheit und sind belebend fur starke
Investments in eine flachendeckende neue Post-carbon Infrastruktur, Green Jobs und Klimaschutz.
Geschaftsmodelle der kommenden, flr Versorgungssicherheit wie fir Klimaschutz entscheidenden Jahre,
kénnen und mussen auf dieser strategischen Basis erst(mals) zu Ende formuliert werden.

Biomasse ist in diesem Modell die herausragende Ressource zum Betrieb der griinen Fernwarme. Das Know-
How der gesamten Lieferkette, technischen Verarbeitung und Optimierung wurde in Osterreich tber Jahrzehnte
gewonnen und erweitert. Sicherheitspolitisch, ie die Energieversorgungssicherheit betreffend, hat Osterreich
damit einen Unique Selling Point. Wenngleich auch andere Warmequellen wie thermische Solarenergie,
Abwarme, Geothermie und Biogas von (steigender) Bedeutung sind, ist Biomasse DIE Basis fir moderne
urbane Fernwarme. Die mit diesem Modell angewandte Methodik ermdglicht so flr den Biomasse-Sektor eine
Kalkulierbarkeit und Sicherheit fir eine massive Steigerung der Umsatze - genau das fehlte in den
vergangenen Jahrzehnten.
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Modern production of energy in central Europe deals with many threats and uncertainties.
Production and processing biomass into energy is one of a few possible ways how to ensure stable
source of relatively pure and reliable energy. Conversion of biomass into fuels, heat, or electricity
depends on many factors which define useful conversion technology.

Presented technology is based on indirect heating of processed materials. Gas conversion of
woodchips suitable for condensation into fuel deals with different quality of input material. Quality
evaluation should handle with humidity, wood kind or unsuitable content. Commonly used
gasification or pyrolysis is negatively affected by these contents. Developed technology uses external
regulated source of heat energy which is not affected by quality of feedstock. Direct combustion of
processed material significantly changes properties of output gases and liquids. It is characterised
by high amount of nitrogen oxides and carbon dioxide in gases. These technologies also deal with
char content in potential liquid fuels. High quality products are characteristic for new pyrolysis
technology, which is scaled for industrial purposes. Energetic potential of output products can be
used as a necessary input source and also to produce liquid fuels.

Technology consists of input airtight material feed system, rotating reactor which can reach up to
800°C and condensation unit. The reactor chamber is able to process 400kg of material per hour in
temperature above 750°C. These temperature regimes are suitable for processing of wooden
biomass. Pilot prototype plant was tested by lower temperatures around 500°C which is suitable for
polymer waste pyrolysis. This technological property targets on the current deep problem with waste
management over the world. Pilot tests were performed with chopped tires. Condensation unit
consists of special spray condenser. Emitted gas is mechanically cleared and sprayed by
condensation medium. Required content of gas is supported by added catalysts. Fluid products are
separated by density fractions. Modification for wooden waste material consists of common
condenser with heat exchanging steel interface. High content of water cannot be condensate in spray
device and mixed with medium.

Development of a new technology is expansive task, in general. Material inputs and delivery of
sub-devices are demanding in present days. Material save, predictions of parameters and overall
simulations known as a digital twin are goals for advanced simulation methods. The heat transfer
simulations of the chopped material in rotated drum oven is not a trivial issue. The heat-transfer and
the mass flow is commonly described by coefficients and predicted dependencies. Heat transfer into
moving particles is difficult phenomena. Condensation of output gas mixtures is very specific issue
with many unknown parameters. Presented simulation case studies were performed during the
development. An accuracy of results is influenced mostly by the defined boundary condition. The
definition of boundary conditions is a significant problem of non-homogeneous materials, natural
materials, sawdust, etc. Due to that, the verification and the validation of simulations is necessary.
Prototype measurements of prototype provided vital data. The measurements provide data about
heat transfers, thermal capacities and internal reactions. The post-processing of measurements
combined with CFD/FEM simulations provides data about hidden inner heat transfers, reactions and
structural behaviour.

This research paper reviews goals of the pyrolysis technology development with emphasis on
used calculations and simulations. Computations are described and partial problems of simulations
are solved. The results of measurements and technology tests are presented. It provides a real
description of the technology.

Keywords: waste material, pyrolysis, computed fluid dynamic, final element method, heat transfer
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Abstract:

Within the H2020 RIA “Heat-to-fuel” a highly integrated process has been developed, which is in the
the position to convert a wide range of biogenic residues into FT-products and biocrude. Two routes
are coupled via heat and mass integration. One is the dry route, where for example straw/bark
mixtures are gasified, the syngas is then converted via a millistructured reactor into FT-products. The
other one is the wet route, where feedstocks as lignin are converted, and consists of a HTL unit, as
well as of a downstream APR unit, where the aqueous phase is processed. The heat of the
endothermic dry route is fully integrated into the wet route, the hydrogen produced by the APR-unit is
fully integrated into the dry route. The TRL has been raised to 5 and a successful whole-chain
demonstration carried out in Wien-Simmering.

The performance of the process has been validated by three different process simulations in IPSE-pro,
Aspen and finally implemented into a techno-economic assessment tool in Excel. With the results of all
experimental series the performance of an industrial scale plant has been designed. For such a plant
detailed OPEX have been estimated and CAPEX have been determined according to the capacity
factored method. An extensive parameter variation for all surrounding conditions have been
conducted, which lead to two final business cases in Estonia and Belgium. 8 different scenarios have
been computed taking into account three different main parameters: i) biomass, resp. biogenic
residues, ii) fuel input power 50 MW each for the dry and wet route as well as 100 MW, iii) operation
with internal hydrogen resource as well as injection of additional hydrogen. CAPEX of these plants
varies between 131 to 336 M€, the internal rate of return is between 9,4 to 33,4%, the payback
periods start at 3,9 years and is more than 20 years in the least competitive scenario. The levelized
costs of fuel are between 77,6 and 107,2 €/ MWh. In the case of additional hydrogen injection the total
carbon conversion is 53,5%.
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Historic market development!

The energetic utilization of biomass has a long tradition in Austria and is still a very important factor
within the renewable energy sector. The consumption of final energy from solid biofuels increased from
142 PJ in 2007 to 204.89 PJ in 2021 (Figure 1). The main application of bioenergy is in renewable heat,
both in direct heating (residential, services and industry) and in district heating. Solid biofuels represent
the major part (>80%) of bioenergy in Austria. They include wood logs, wood chips, wood pellets, bark,
and sawmill by-products, of these wood chips and wood logs are the main biomass fuel used in Austria.
The consumption of wood chips has been increasing since the beginning of the 1980s. In 2021 the wood
chips consumption reached 95.2 PJ and thus exceeded the consumption of wood logs with 79.6 PJ.
Main factors influencing the annual bioenergy consumption are the weather conditions and the number
of installed biomass boilers. Fuels from solid biomass contributed to a CO2 reduction of about
10.19 million tons in 2021. The whole sector of solid biofuels made a total turnover of 1.567 billion Euros
thus creating 17,932 jobs.

Outlook

The success of bioenergy mainly depends on the availability of suitable biomasses in sufficient volumes
and qualities at competitive prices. Subsidies for biomass heating systems, the current crisis in Ukraine
and the associated political measures, such as accelerating the phase-out of natural gas for heating
purposes, are likely to keep demand for solid biofuels high. In the long term, the demand for solid biofuels
in the residential heating sector will drop due to the thermal improvement of the building stock, the switch
to electricity-based heating systems (e.g. heat pumps) and climate change and the associated reduction
in heating degree days. The importance of bioenergy as part of a sustainable energy system in
combination with other renewables will increase as biomass fuels are weather-independent energy
suppliers. There is potential to use biomass to provide high temperature heat for industry processes.
Depending on the respective application and its requirements different conversion paths, e.g. greening
the gas, or intermediate steps, e.g. secondary energy carriers, can be chosen. Regarding the efficient
use of resources, the co-production of electricity and/or material products such as biochar are of great
interest. Regarding the mobility sector, in addition to the "classic" biofuels, synthetic fuels made from
biomass (e.g. Fischer Tropsch fuels made from solid biomass) represent interesting alternatives for
different applications. These range from "green diesel and petrol" to aviation fuels ("jet fuel"). The major
challenges of decarbonizing mobility in the areas of off-road, heavy and air traffic suggest an increased
use of biofuels in these areas.

' P. Biermayr, C. DiRauer, M. Eberl, M. Enigl, H. Fechner, B. Fiirnsinn, M. Jaksch-Fliegenschnee, K. Leonhartsberger, S. Moidl,
E. Prem, C. Schmidl, C. Strasser, W. Weiss, M. Wittmann, P. Wonisch, E. Wopienka: “Innovative Energy Technologies in
Austria: Market Development -Biomass, Photovoltaic, Solarthermal collectors, Heat pumps and Wind power”, annual market
study published by BMK (former BMVIT)
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Projekt-Hintergrund und Ziele

Von der Osterreichischen Energieagentur wurde innerhalb des EU Projekts REPLACE gemeinsam mit
dem Klimaschutzministerium (BMK) und dem Referat Energiewirtschaft und -beratung (20404) des
Landes Salzburg ein Webportal zur Vermittlung von standardisierten "klimaaktiv Sorglos Kesseltausch"
Angeboten ins Leben gerufen. Es handelt sich dabei um ein Pilotvorhaben, bei dem unabhangige
Stellen eine Vermittlungsplattform fir ,klimaaktiv Sorglos Kesseltausche® entwickelt haben, die von
teilnahmeberechtigten Akteur:innen des Heizungsmarktes (z.B. Installateurs-, Heizungsanlagenbau-,
Grof3handels-, Energie-Service-Betriebe etc.) fir Haushalte angeboten werden. Im Erfolgsfall kénnen
Pilotplattformen in bis zu vier Bundeslandern bis ins Jahr 2026 bestehen, um Erfahrungen zu sammelin.

Ziel des von der EU im Rahmen des Horizon-2020-Programms geférderten Projekts ist es, Menschen
in neun unterschiedlichen Staaten zu motivieren und dabei zu unterstiitzen, ihre alten, ineffizienten
Heizungsanlagen durch saubere, klimafreundliche, komfortable und zukunftsfitte Anlagen zu ersetzen.

Die ,Sorglos Kesseltausch*-Initiative will den Austausch von Ol- und Gaskesseln sowie Allesbrennern
fur Haushalte deutlich einfacher machen, in dem alle Gewerke vor Ort, an der Baustelle durch eine
Ansprechperson koordiniert und Uberwacht werden. Gute und nachhaltige Losungen sollen durch eine
vorausgehende, unabhangige und kostenlose Energieberatungen und durch standardisierte Sorglos-
Kesseltausch-Angebote (All-in Paket-Service(s)) fiir Haushalte rasch und einfach realisierbar werden.

Mit wesentlichen Heizungsmarkt-Akteur:innen wurden bedarfsgerechte MaBnahmen entwickelt

Das Projekt REPLACE brachte 2020 bis 2021 erstmalig (Uber)regionale Installateurs-, Anlagenbau-,
GroRRhandels-, Energie-Service-Betriebe, Interessensvertretungen und die offentliche Verwaltung in
einer lokalen Arbeitsgruppe zusammen an einen Tisch. In der &sterreichischen Zielregion, dem
Bundesland Salzburg konzentriert sich das Projekt auf den Ausstieg aus allen Ol- und Gas-Heizungen
und alten Allesbrennern hin zu sauberen Lésungen. Mit Start im Land Salzburg wurde das Pilotvorhaben
"klimaaktiv Sorglos Kesseltausch" entwickelt. Uber eine Webplattform werden Haushalten sorglos All-
in Kesseltausch Pakete angeboten. Das von allen teilnahmeberechtigten Sorglos Heizungstausch
Anbieter:innen verpflichtend anzubietende All-in Paket-Service (Basispaket) garantiert mit seinem
Ablauf und Umsetzung, dass der Heizungstausch in hoher Qualitit, rasch und effizient erfolgt.

Biindelung von Umsetzungskompetenz im Form eines One-Stop-Shops zum Kesseltausch.

Passende Losungen werden durch eine kostenlose, unabhangige Energieberatung identifiziert. Die
Sorglos Kesseltausch Vermittlungsplattform ermdéglicht allen Haushalten eine schnelle, unkomplizierte
Einholung vergleichbarer Angebote. Die Umsetzung des Kesseltausches wird vom gewahlten
Heizungstausch-Profi gewerkeiibergreifend (ber eine zentrale Ansprechperson fiir den Haushalt
koordiniert und liberwacht. Diese zentrale Ansprechperson (z. B. der:die ausfihrende Installateur:in)
organisiert alles was vereinbart ist und unterstiitzt den Haushalt bei allen Fragestellungen rund
um bestellte ,All-in-Paket-Services* (egal ob Basispaket oder auch bestellte weitere Dienstleistungen),
bei Férderungen et cetera. Das neue Angebot wird von den Beteiligten und durch REPLACE bei vor Ort
Informationsabenden mit Unterstlitzung der Manager:innen von Klima- und Energieregionen und e5-
Gemeinden ab Herbst 2022 beworben. Alle Sorglos Anbieter:innen erflllen die Teilnahmebedingungen.
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Introduction

Increased costs for fossil based energy resources and developing countries replacing charcoal with
pellets in advanced cook stoves are two major driving forces for an unheard of increased demand for
pellets worldwide. Pellets are an uniform, dry and compact transportation package and fuel that could
be used for heating, electricity production, and advanced biomass cooking. To fully understand the
pelletizing process research is required, and New Development for Pellet Technology at Karlstad
university, Sweden, is doing basic and applied research in three scales. The smallest, Single-pellet
presses (SPP), are predominant in research facilities, universities and institutes, worldwide. Small
quantities of materials, can be tested and quick results on optimal moisture content, binding
characteristics, possible raw material mixes and more can be presented. However, few of these SPP-
units are continous, making it somewhat difficult to scale up the findings to industrial production.
Therefore, an energy model for an continous SPP-unit has been developt to distingquise between the
three different sources of work taking place within the industrial die, i.e., Compression work, Flow work
and Friction work.

Materials and Method

Two Scots pine (Pinus sylvestris) wood species, juveline and mature, were used as raw materials, and
pelletized at moisture contents of 6, 8, 10, 12 and 14% (wb) in a semi continuous SPP-unit that enables
production of pellets at different die presslengths. In this study, a die with 20 mm presslenght and a
press ratio of 2.4 was used. The cone of the entrance hole has a diameter of 10.2 mm and a depth of
3.1 mm. 0.25 g of sawdust per occasion was pressed at a time with the speed of 10 mm/min, and when
the process was under constant conditions, sample data were taken from 6 different densification
processes. During densification, the force, speed, position and time was logged five times per second.
The total energy was calculated by integrating the force and distance from the logged data by using the
numerical integration trapezoid method, depicted as Wit (J/g). The total energy is the sum of the energy
for compression, flow and friction. The compression energy, depicted as Weomp (J/g), is determined from
0.2 kN up to Fmax or the point where the speed started to accelerate. The energy for friction, depicted as
Wric (J/9), is determined by pressing the pellet a distance of 3 mm in the die. The flow energy, depicted
as Wrow (J/g), was assumed to be the remaining energy from the total energy, Wsow = Wtot— Wiric — Weomp.

Results

The results show that the total energy to pelltize the materials decreases as the moisture content
increases. For mature wood from 161 to 93 J/g and for juvenile wood from 180 to 76 J/g, which was
expected. For both materials, the proportion of Weomp is not affected by increased moisture content. For
Wric, the proportion increases with increased moisture content at the expense of Wrow, see Figure 1. An
explanation for the relative decrease in Whow is that with increasing moisture content, the material's
flexibility increases and then mainly compression occurs in the radial direction. Further research will
show if the the energy model presented can be used for the upscaling of results from SPP to industrial
pellet production.
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Energy communities bear the great potential to enable European citizens to produce, consume, store
and sell their own energy. They are member-based organisations whose primary purpose is to provide
environmental, social and economic benefits to community members or to the local areas in which they
operate. A key aspect of energy communities is the collective ownership and management of the
respective facilities. Since the main purpose of an energy community is to generate benefits for the
community, energy communities usually reinvest a large part or all of the profit in their operations before
distributing any kind of dividend to their members. Today, there are an estimated 3,500 energy
cooperatives in Europe, representing over one million EU citizens. Only a minority of them can be found
in Eastern Europe because of several factors, including financial constraints, unsupportive legal
frameworks and non liberalised energy markets .

The Clean Energy for all Europeans package paves the way for an energy revolution by putting the
consumer in the driving seat of the green transition process. Energy communities offer the unique
opportunity for consumers to form critical mass and become renewable energy producers and offer their
demand flexibility to the market. However, the current requirements of becoming a prosumer bear a
crucial risk that ultimately there will be a two-speed energy world: those who have the knowledge,
access and opportunity to become a prosumer, and those who lack the resources, know-how, education
or time to participate in and benefit from the new opportunities. Therefore, there is a clear need to
support local heroes (i.e. those interested in setting up collective actions) in establishing their energy
community and enable them to motivate and target consumers directly. This is particularly important for
countries where energy communities are yet to be established.

The EU funded project SHARESs (Horizon 2020, Project number 101033722) supports the set-up of new
energy communities as well as other collective actions and helps existing energy communities to grow
on a large scale. It aims to equip local heroes — organisations, public authorities or individuals who push
the initiation of energy communities — with a country-specific implementation toolkit and a
communication campaign that allows them to launch and expand a large variety of collective actions in
a simple and smart way.

A presentation at the CEBC will provide an overview on the SHARES project as well as on energy

communities in Europe. A specific focus will be on the important role of bioenergy for energy
communities.
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Each year, almost 50% of the final energy consumed in Europe is used for heating, cooling or
refrigeration either for residential, tertiary or industrial purposes. The vast majority (around 75%) of this
energy demand is met by the combustion of fossil fuels such as oil, gas and coal — which do
considerable environmental damage, including in terms of greenhouse gas emissions and air pollution
— while only 19% is generated from renewable energy. Today the social, environmental and economic
costs of climate change make the mission of embracing more sustainable sources of energy urgent.
Decarbonising the heating and cooling sector will be key to achieve the European Green Deal goals
and making Europe a climate-neutral economy by 2050. The recast of the Renewable Energy
Directive increases the current EU-level target of “at least 32 % of renewable energy sources in the
overall energy to at least 40 % by 2030”. Specific targets are proposed for renewable energy use in
heating and cooling, among other sectors. To meet both our climate and environmental goals, the
momentum for deploying renewable H&C (RHC) technologies has never been stronger. Finally, the
energy transition in the heating and cooling sector is of high importance to gain energy independence
and to increase security of energy supply. Although this aspect was always important, it gained top
priority in these days due to the current war in Ukraine and the related impacts on energy imports to
Europe.

Recognizing this situation, the European Technology and Innovation Platform on Renewable
Heating and Cooling (RHC-ETIP), aims at playing a decisive role in protecting Europe’s leading
position in renewable heating and cooling technology. We want society to benefit from an increased
contribution of renewable heating and cooling, which will help to reach the vital goal of a carbon-
neutral world by mid-century.

The RHC-ETIP is a forum where European industry and research stakeholders can define
technological research needs and set strategic priorities to increase the use of renewable energy
sources for heating and cooling. RHC-ETIP employs mixed structure, utilising five technology panels
(i.e. solar thermal, biomass, geothermal, heat pump, district heating and cooling & thermal storage), as
well as four Horizontal Working Groups (HWGs) (i.e. buildings, districts, cities, industries), which bring
together interested experts from different technologies directly related to heating and cooling from
renewables to think synergistically about how to tackle some high-level challenges. The RHC-ETIP
takes a holistic view of research and innovation priorities related to renewable heating and cooling
technologies, providing strategic insight into market opportunities and needs. It reaches almost 1,100
stakeholders from industry, research organisations, and the public sector from all over Europe, and
represents trusted and competent advisor to policy-makers. The RHC-ETIP has been instrumental in
raising the profile of the renewable heating and cooling sectors through its recommendations for not
only research priorities and project ideas, but also for policies.

The presentation will stress the urgency to implement the heat transition in Europe, given the
urgency of the global energy crisis caused by the war in Ukraine. It will highlight the role of
renewable energy technologies, innovations and policies for heating and cooling and especially stress
the need to consider bioenergy in the overall energy mix of Europe. Most resent activities and
documents from ETIP RHC will be presented, e.g. a joint position paper of ETIP RHC and ETIP
Bioenergy on renewable hydrogen or a joint position paper on sector coupling of ETIP RHC and ETIP
Smart Networks for Energy Transition (SNET). The aim is to give oral presentation.
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Energy is one of the major inputs for the economic development of any country. In the case of the
developing countries, the energy sector assumes a critical importance in view of the ever-increasing energy
needs. Most Governments of Developing Nations emphasize achieving energy security with target of
reducing import dependence of fossil fuels, overcoming of the increasing environmental pollution issues.

One of the large energy sources could be biomass most nations have huge availability of agri-residues
and municipal solid wastes, with very little effective use in generation of energy.

One of the very exciting technologies for effective use of biomass and waste is Gasification. Gasification
is basically conversion of solid fuels (all various types of biomass, agri-residues & wastes) into a
combustible gas mixture normally called Producer or Syn Gas. The process involves partial combustion of
such feeds which occurs when air supply (02) is less than adequate for the complete combustion of
biomass/waste. The gas generated can then be used to generate heat, power or make various
chemicals and fuels from the same. This technology apart from being extremely clean allows use of the
distributed sources in a distributed manner.

Ankur Scientific Energy Technologies Pvt. Ltd., is a Global Technology leader in the field of Biomass &
Waste Gasification since 1986. It has developed all its technology in house and has sold more than
1000 gasifiers worldwide — systems have been exported to more than 40 countries across the globe.
While most of the earlier projects were for power or heat, Ankur Scientific has been working on various new
initiatives to convert Syngas to Ethanol, Hydrogen and other fuels and chemicals.

228



HYDROLYSIS OF OXALIS TUBEROSA
CARBOHYDRATE TO OBTAIN SECOND GENERATION
BIOETHANOL

Magali C. Vivas-Cuellar

Facultad de Ingenieria Quimica y Textil, Universidad Nacional de Ingenieria.
Av. Tupac Amaru 210, Lima 25, Pert

mvivas@uni.edu.pe

www.uni.edu.pe

Emerson A. Collado D.?? A. Devorah Arias D. ® Edgar W. Norabuena M.  Olga F. Bullén C. ® and Oscar
G. Marin F.©

(249 Facultad de Ingenieria Quimica y Textil, Universidad Nacional de Ingenieria.  Facultad de Ciencias,
Universidad Nacional Agraria La Molina © School of Chemical Engineering and Bioengineering, Washington
State University, EEUU

1 INTRODUCTION

The use of waste to obtain starch is an alternative for the sustainable production of bioethanol. Andean
tubers such as oca or hibia (Oxalis tuberosa M.) and others have the potential to offer rural populations to
contribute to the production of renewable biofuel.

Oxalis tuberosa carbohydrate hydrolysis is carried out by two processes: liquefaction and
saccharification. For the mentioned processes, new enzymes will be used that follow the protocol of those
already known as alpha amylase and gluco amylase, respectively (see figure 1). Conditions of temperature,
reaction time, and enzyme-to-carbohydrate concentration influence liquefaction and saccharification. In
addition to establishing a mathematical model of the hydrolysis process of Oxalis tuberosa.

Andean tubers such as oca or hibia (Oxalis tuberosa M.), olluco (Ullucus tuberosus), mashua or cubio
(Tropaeolum tuberosum) and potatoes (Solanum tuberosum ssp. andigena), are crops with the greatest
tradition in high Andean communities in South America.

2 MATERIALS AND METHODS

In a stainless steel jacketed reactor, the reaction between the carbohydrate mass and the enzymes will take
place, the temperature (90, 60 °C), the carbohydrate/enzyme mass ratio and the hydrolysis time (60, 90 min)
are varied.

Experiments were conducted in a laboratory-scale setup developed at In faculty of Chemical Engineering of
UNI. The material for experimental essays is shown in figures.

2.10xalis tuberosa

The oca, papa oca or ibia (Oxalis tuberosa) is a plant that is cultivated in the puna of the central and

southern Andes and between 3,000 and 3,900 meters above sea level. n. m. in the northern Andes, for its

edible starchy sweet tuber.
2.2Industrial hydrolysis of starch.

Saccharification was carried out in three consecutive stages: gelatinization (90°C and 30 minutes),

liquefaction with alpha-amylase (90°C and 60 minutes) and finally saccharification with glucoamylase

(60°C and 1 hour). The must obtained in the saccharification stage was standardized and fermented with

Saccharomyces cerevisiae yeast. Finally, distillation was carried out.

3 INNOVATION AND CONTRIBUTION

This research is justified because there is a surplus of potatoes, sweet potatoes and others that are sold

at very low prices or even discarded, which due to their starch content can be used for the production of

bioethanol, giving greater added value to these Peruvian tubers.

The importance of the project lies in the fact that the internal needs of bioethanol would be covered,

without having to resort to imports and therefore to an outflow of foreign currency from our country.

Another important point is that the cultivation of these tubers is promoted in massive quantities for the

production of bioethanol, the fuel of the future.

Keywords: bioethanol, oxalis tuberosa, biomass.
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In Denmark 2/3 of building heat is District heating. The political aim is to reduce CO2emissions by 70% in
2030 with 1990 as reference. Buildings make up for 40% of the CO2 emissions — so reducing green house
gas from building play a major role.

Greenhouse gas reduction may come from both saving energy and transforming the energy sector to non
fossil. Biomass resources are not local grown. Almost 2/3 of Biomass for District Heating is imported. 50% og
wood is imported mainly from Russia and the Baltic countries. The demand og wood biomass is 20 Gj, max
sustainable production in Denmark is 10Gj".

How can Denmark achieve climate goals, in a sustainable way, with Bio District heating with less Biomass —
is more building insulation the answer?

A social housing project in Denmark supplied with local Bio district heating is analysed. The buildings are
dense row housing in passivehouse plus standard. The District heating plant in the city of Tarm uses
biomass Boilers to produce 76% of the heat energy, solar collectors covers 6% and a heatpump additional
18%. Gas and oil back up boilers covers less than 1%. The Net consists of 70 km of tubes.

A Life Cycle Analyze is used to calculate the total emission from the 5 boilers, heatpump, 18.585 m2
solarcollector, buffertanks, pumps, production, store, office building and net. The emission from energy and
plant is calculated. Results show a factor 2,02 higher emission pr. kWh and 11% higher than the middle
value of danish district heating.

CO2e emission from District heating kg/kWh
Energy 0,035
Denmark middle 0,065 (value without plant and nett loss emission)
District heat plant 0,023
Net loss 0,013
TOTAL District Heating 0,071

A building with 616 Heated Floor area, and 9 flats is analyzed. PHPPsoftware is used to calculate saved
energy by better insulated walls. The emission from insulation material is calculated using LCA software
and a balance as saved CO2 emission is the result.

Building Balance saved
energy U Total |More saved CO2e by more
standard Insulation | value | wall insulation | energy | insulation

mm W/m2K emission CO2e kg/m2
2018 < 0,30 110| 0,293| 1,934
2020/Passivhus
<0,12 310| 0,118] 1,993 0,059 3,17 3,111
Passivhus Plus,
Tarm Blok 6 HT 390 0,096| 2,017 0,083 3,18 3,097

Results show a faktor 38 higher Green house gas emission saving by using higher energy efficiency with
Glaswool? in buildings saving energy. This reduce the energy needed from district heating — making it
possible in the future to cover the need of biomass with local og regional grown bio mass from forest
plantations.

! https://ens.dk/sites/ens.dk/files/Bioenergi/biomasseanalyse_final_ren.pdf
2 https://www.saint-gobain.dk
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The research project EnaTex (duration 2021 — 2024) is funded within the "CLIENT Il Program — International Partnerships for
Sustainable Innovation" of the German Federal Ministry of Education and Research (BMBF).

The aim of the research project is the development and demonstration of innovative approaches for energy savings and the
implementation of renewable energies at selected production sites of the Indonesian textile industry. In particular for
biomass, the focus is on local residual solid and liquid biomasses as energy sources as well as technologies to process those
biomasses to generate heat and power. The project coordinator IZES gGmbH and the partner SUNfarming Group give a first
insight into the applied methodology.

1. Status Quo

For two large companies in the Indonesian textile industry (in sum with a turnover of 1.3 billion €/year), relevant primary
energy sources and their conversation paths as well as distribution and consumption by textile production machines have
been mapped on site. This mapping focused on assessment of the current system regarding specific conversation and
distribution technologies by determination of the overall fuel efficiency. Further heat from production wastewater is being
assessed as source for waste heat potentials. In broader focus energy-from-wastes, such as organic wastes from the factory
canteens and on-site waste water treatment have been assessed. In a follow-up step, the regional potentials in proximity of
the companies will be surveyed regarding residuals and by-products from the food industry, forestry and agriculture and
assessed regarding substitution potentials of current used fossil fuels. Important points are quantity availability and current
usage paths which will be assessed regarding availability in the current and future legal and economic framework.

2. Optimisation of energy efficiency

The project aims to reduce the use of primary energy consumption by increasing efficiency and decarbonisation of the
current energy supply. In the textile companies approximately 80% of the energy consumption is thermal energy,
transported via thermo-oil and steam from the generation plant to the consumer. While thermo-oil is used mainly to
provide drying heat to e.g. stenter, the steam is used to heat water for e.g. washing and dyeing as well as compacting
processes. The hot waste water of these wet processes is mostly discharged to the sewer system which leads to the local
Waste water Treatment Plant (WWTP). Concepts to use the heat either directly on machine site via a HEN (Heat Exchange
Network) is being assessed. This network can be used to transfer the waste heat to other processes and use them to e.g.
pre-heat input water or air. As tool, the pinch analysis is used as a best practice tool. EnaTex will proof the feasibility to save
up to 30% of current primary energy consumption. Add-ons to this HEN are the integration of heat pumps in combination
with roof-top-PV to provide power to the heat pumps.

3. Decarbonisation of energy supply

Currently 100% of the heat for steam and thermos-oil is currently provided by firing of hard coal. The electricity required for
the textile processes is obtained entirely from the national power grid which is based up to 85% on hard coal fired power
plants. For the power sector, the substitution of supply from the national grid up to 100% by locally installed renewable
energies, such as wind power and PV plants, can be only feasible if space restrictions can be overcome and a steady 24/7
operation can be achieved. The installation of batteries as well as the application of real-time load shifting can be an option.
For the heat supply, the substitution of hard coal with other fuels such as biomasses, green natural gas, biogas or solid
wastes needs a complete re-design of the current thermal conversion and fuel logistic system, which needs to be
elaborated at first. EnaTex aims to demonstrate the potentials to combine renewable power, such as PV systems and local
biomasses to generate power and heat, where the biomass can act as chemical “battery” to guarantee a steady supply of
power and heat e.g. during night shifts. This demonstrator is designed by the partner SunFarming and will be installed on
site in Indonesia in 2023 and being assessed regarding performance.

4. Application options for biomass

Promising approaches for the heating sector are the co-firing of residues from food production, in particular from the palm
oil industry and cereal cultivation. A potential of 80,000 Mg/y of biomass could be determined, which is needed to
completely defossilize the heat supply at the example factories. By implementation of measures to reduce the primary
energy consumption by 30% (see point 2), this value could be even decreased to 50,000 Mg/y. Further assessment in
EnaTex is focused on the potentials to generate biogas by utilisation of on-site residual materials such as the sewage sludge
from treatment of process effluents, biowastes from the canteens as well as the green cuttings on the company premises.
This biogas can be used either fuel for a CHP or for direct firing in thermo-oil and steam boiler.

The results of EnaTex are being transferred into feasibilities studies for the partner companies and will be elaborated
regarding recommendation for the Indonesian and international textile industry sector regarding best practice approaches

for energy efficiency and decarbonisation of production processes.
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Fuel ethanol is mixed with gasoline today to reduce GHG emissions in the transport sector. However,
it is still produced mainly from edible first-generation feedstock such as corn or sugarcane. More
sustainable ethanol is already produced today from straw and wood in a few plants on a commercial
scale. Yet the production requires a complex process, and the production cost of ethanol has not
been attractive without economic subsidies.

We evaluated in previous work the production of ethanol with a high yield through biomass
gasification with additional hydrogen input from water electrolysis. The product route involved
ethanol production via methanol synthesis, acetic acid synthesis of methanol and carbon monoxide
as well as acetic acid hydrogenation into ethanol. In the last step, acetic acid can be converted into
ethanol with high efficiency using a relatively simple process. In this study, we consider a process
with fewer production steps, extraction of acetic acid directly from the pulp and paper industry prior
to pulping or from existing agueous waste streams in sulphite or semi-mechanical pulping.
Extraction of acetic acid employing NaOH to extract acetic acid from acetyl groups in hardwood has
already been reported for Kraft pulp mills.

In this study, we evaluate the potential for ethanol production in Europe using pulp and paper
industry waste streams for acetic acid production. The mass and energy balances of the studied
processes are estimated using process simulation models. Both extractions of acetic acid from dilute
aqueous streams as well as hydrogenation of acetic acid into ethanol are considered. The models are
complemented with literature data for those parts where simulation models and experimental
results cannot accurately predict product yields.

These results include product yields, the energy consumption of the process per ton of ethanol and
the need for chemicals in the extraction as well as power input for hydrogen production.

The preliminary results indicate that several hundred kilotons of ethanol could be produced annually
on a European scale with attractive production costs compared to straw and wood-based bioethanol
production. Furthermore, the production process requires fewer steps compared to bioethanol
production by fermentation from wood or straw residues.



BIG Green Gas — Green gases from dual fluidized bed
steam gasification for the Austrian natural gas grid

Katharina Fiirsatz"?3* (katharina.fuersatz@best-research.eu, +43 5 02378-9365)
Anna Egger' (anna.eqger@best-research.eu, +43 5 02378-9373)

Florian Benedikt? (florian.benedikt@tuwien.ac.at, +43 (1) 58801-166361)

Sascha Grimm* (grimm@ovgw.at, +43 1 513 15 88-35)

Matthias Binder’ (matthias.binder@best-research.eu, +43 5 02378-9355)
Matthias Kuba'? (matthias.kuba@best-research.eu, +43 5 02378-9356)

" BEST — Bioenergy and Sustainable Technologies GmbH, Inffeldgasse 21b, 8010 Graz, Austria
2 Technische Universitét Wien, Institute of Chemical, Environmental and Bioscience Engineering,
Getreidemarkt 9/166, 1060 Vienna, Austria

3 Thermochemical Energy Conversion Laboratory, Umea University, SE-901 87 Umed, Sweden

4 Osterreichische Vereinigung fiir das Gas- und Wasserfach, Schubertring 14, 1010 Wien, Austria

As part of the Green Deal, the European Commission has set itself the goal of achieving a climate-neutral
Europe by 2050. As early as 2030, CO2 emissions are to be reduced by 55% compared to 1990. The
Austrian Gas and Water Association (OVGW) has also committed itself to contributing to the energy
transition and is converting the natural gas grid completely to climate-neutral gases by 2040. Gasification
of biogenic wastes coupled with downstream synthesis to synthetic natural gas (SNG) and gas conditioning
to separate hydrogen are promising approaches to reach a climate-neutral gas grid.

For this, a variety of different biogenic waste streams will be evaluated for their suitability as input for the
dual fluidized bed (DFB) steam gasification technology. The goal is to find new feedstocks to produce
renewable gases for the gas grid. The investigated feedstocks are not in competition with the food and feed
industry and are not intended for use in biogas plants

The most promising feedstocks regarding availability and suitability for the DFB steam gasification
technology will be further selected for demonstration in a 1 MW DFB steam gasification plant at Wien
Simmeringer Haide. First tests will focus on the evaluation of the newly developed gas cleaning for its
suitability to produce a clean synthesis gas suitable for SNG and H2 production. The newly developed gas
cleaning consists of two parts: the coarse gas cleaning units and the fine gas cleaning unit. The coarse gas
cleaning contains a cyclone, a ceramic filter, a water quench and a rapeseed oil methyl (RME) scrubber.
The fine gas cleaning is executed as temperature swing adsorption to remove left traces of tar and sulfur
compounds. The efficiency of both the coarse and fine gas cleaning unit are is determined and their
relevance for a future commercial plant evaluated.

This evaluation of biogenic waste stream gasification coupled with extensive gas cleaning will give first
indications for future commercial plants regarding design and costs. The obtained data also forms the basis
for the full-chain demonstration of gasification and downstream synthesis which will follow at a later time of
the project.
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Introduction

With the huge changes that have sewn up the energy market, especially in the European Union,
an even more dynamic transfer of the zero-carbon economy is presumed. In addition to the
indisputable environmental benefits, this transformation is expected to combine with ensuring the
certainty of supply of energy carriers to European economies. A number of measures are being
taken, with one of the main pathways being the use of waste biomass of plant products with a focus
on hydrogen production, which can replace natural gas in industry. With the help of pyrolysis
technology, fuels such as giant miscanthus and rapeseed straw can be used towards hydrogen
production, which is the subject of this work. Additionally the influence of water injection into
pyrolysis reactor was investigated.

Methods

Two types of solid fuels derived from biomass were used to carry out experimental study. The first
was miscanthus, which is an energy crop. It is characterized by rapid growth and does not need
strict soil conditions. Rapeseed straw was chosen as the second fuel. It is a raw material of
agricultural origin, which is distinguished by its versatile use (mulch, fodder, pellets). In order to
determine the basic properties of the selected solid fuels parameters like moisture, volatile and ash
content as well as calorific value were determined. Obtained results were supplemented with
thermogravimetric analysis (TGA). The pyrolysis tests for miscanthus and rapeseed straw were
carried out under a nitrogen atmosphere with a flow rate of 0.4 dm3/min. Samples weighing 3-5 g
were placed inside the reactor. Three measurements were performed for each fuel at three different
heating rates (from 10 to 60°C/min.). Further tests were realized to check the efficiency of hydrogen
production with the addition of water to the reactor. The pyrolysis process continued until the reactor
temperature reached 750°C.

Results

The presented results of measuring the gas composition for each heating rate showed that in terms
of hydrogen production the slow pyrolysis process (10°C/min) proved to be the most efficient. In
these heating rates, the calorific value of produced gas is higher. On the other hand, increasing the
heating rate resulted in lower H2 content and contributed to a decrease in the calorific value of the
obtained gaseous fuel. Moreover, at higher rates of heat delivery (30°C/min and 60°C/min) the
amount of CO2 has increased. Comparing the two solid fuels in terms of the amount of hydrogen
obtained in the pyrolysis gas, the highest results were obtained for rapeseed straw. In terms of
calorific value, both miscanthus and straw reached a value of about 10 MJ/m3. The addition of water
to the pyrolysis process significantly affects the amount of hydrogen in resulting gas. Slow pyrolysis
(10°C/min) is the most efficient in terms of hydrogen production and in the most favorable case its
content was nearly 54% vol.

Conclusions

Based on the results, it can be concluded that slow pyrolysis process (heating rate10°C/min) turned
out to be the most efficient in terms of hydrogen generation. The highest Hz values were obtained
for thermal conversion of rapeseed straw. The experimental study showed that the heating rate of
the reactor has the most significant effect on the chemical composition of the pyrolysis gas. In case
of pyrolyzed solid fuel, rapeseed straw generates the highest amount of hydrogen.
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The production structure of raw biogas in Germany is closely connected with the agricultural structure.
As a result, it is characterized by smaller biogas plants (BGAs), which are in a performance class > 250
m3/h STP methane. There are similar economies of scale for the costs of common processing
technologies, which are especially small for large factories. The biomethane processing plants therefore
have an average capacity of 630 m* N/h. Therefore, there is a need for new, low-cost, small-scale gas
upgrading technologies that can also be easily integrated into farm effluent and circulation systems, that
is the aim of this study. To achieve this goal, a biogas upgrading process, based on chemical purification
(amino acid salts- scrubber), must be optimized at first in the laboratory stud and then upscaled to pilot
plant.

The aim of the Triple-A project is to develop a novel robust and small-scale upgrading process. The so-
called Triple-A technology uses amino acids (amine) under ambient conditions for chemical gas
scrubbing (absorption). The concept and the scrubbing agent used result in advantages that have
positive impacts on the operational process, the economic efficiency, and the implementation potential
of the technology: (1) The scrubbing agent should be self-extractable from common biogas substrates
such as silages and recycled after consumption in the digester and used for local bioeconomic cycles
with short distances. (2) The process flow at ambient conditions allows a simple design with low
requirements for plant components, safety and professional operation, low energy demand and thus
high potential to reduce costs. (3) These characteristics allow a well scalable and cost-optimized
operation for upgrading capacities smaller 250 m?i.N. h.

Next to the problem and concept of the process as well as the corresponding research, the results of
the first screening of solvents and the initial operating an established continuously operating plant will
be presented. Also, different possible models for the construction of reactors of pilot plant will be
introduced.
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Wasserstoff aus regenerativen Quellen ist fur unterschiedliche Sektoren der bisher einzig bekannte
Weg zur klimatechnisch notwendigen, vollstandigen Dekarbonisierung.!!

Der Wasserstoffoedarf Deutschlands lag im Jahre 2020 bei 55 TWh!?.. 95 % davon wurden noch immer
auf Basis fossiler Rohstoffe bereitgestellt.®! Studien haben ergeben, dass dieser fossile Anteil durch den
in Folge der Dekarbonisierungspotentiale zunehmenden Wasserstoffbedarf auch bei fortschreitendem
Ausbau der Elektrolysetechnologien nicht signifikant sinken wird.H-®!

Um sowohl die aktuelle, als auch die gesteigerte Wasserstoffnachfrage COz-arm zu decken, missen
Alternativen zur Elektrolyse untersucht und ausgebaut werden. Alternative Wasserstoffquellen ergeben
sich durch biochemische und thermochemische Verfahren aus Biomasse, wie der Biomassevergasung
oder der sogenannten Dunkelfermentation.

Am Fraunhofer IFF werden die Potentiale der Integration einer thermochemischen
Wasserstoffbereitstellung in existierende Biomassevergaser sowie die Potentiale der Integration
fermentativer Wasserstoffbereitstellung in bestehende Biogasanlagen untersucht.

Im Vortrag werden die Potentiale der Dunkelfermentation und der Biomassevergasung zur
Bereitstellung von Wasserstoff aus Biomasse aufgeschlisselt und exemplarisch fur Deutschland
spezifiziert und visualisiert.

[1] M. Kruse and J. Wedemeier. 2021. Potenzial griiner Wasserstoff: langer Weg der Entwicklung, kurze Zeit
bis zur Umsetzung. Wirtschaftsdienst - Zeitschrift fur Wirtschaftspolitik 101, 1, 26-32.

[2] 2020. Die Nationale Wasserstoffstrategie, Berlin.

[3] SHELL Deutschland; Wuppertal Institut. SHELL Wasserstoff-Studie - Energie der Zukunft? Nachhaltige
Mobilitédt durch Brennstoffzelle und H2.

[4] C. Hebling, M. Ragwitz, T. Fleiter, U. Groos, D. Harle, A. Held, M. Jahn, N. Miller, T. Pfeifer, P. Plotz, O.
Ranzmeyer, A. Schaadt, F. Sensful}, T. S., and M. Wietschel. 2019. Eine Wasserstoff-Roadmap fir Deutschland.
Fraunhofer-Institut fir System- und Innovationsforschung ISI; Fraunhofer-Institut flir Solare Energiesysteme ISE,
Karlsruhe und Freiburg.

[5] J. Burchardt, K. Franke, P. Herhold, M. Hohaus, H. Humpert, J. Paivarinta, E. Richenhagen, D. Ritter, S.
Schonberger, J. Schroder, S. Strobl, C. Tries, and A. Tirpitz. 2021. Klimapfade 2.0. Ein Wirtschaftsprogramm fir
Klima und Zukunft.

[6] J. Repenning, L. Emele, R. B., G. dehoust, H. F., B. Greiner, R. Harthan, K. Henneberg, H. Hermann, W.
JorB, S. Ludig, C. Loreck, M. Scheffler, K. Schumacher, K. Wiegmann, C. Zell-Ziegler, S. Braungardt, W.
Eichhammer, R. Elsland, T. Fleiter, J. Hartwig, J. Kockat, B. Pfluger, W. Schade, B. Schlomann, F. Sensful3, and
H. Ziesing. 2015. Klimaschutzszenario 2050. Studie im Auftrag des Bundeminesteriums fir Umwelt, Naturschutz,
Bau und Reaktorsicherheit. Zusammenfassung des 2. Endberichtes. Institut fiir angewandte Okologie; Fraunhofer-
Institut flr System- und Innovationsforschung ISI, Berlin, Karlsruhe.
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Kurzfassung des Vortrages:

Vor dem Hintergrund der novellierten nationalen Rechtssituation (DUMV, AbfKlarV, BBodSchV) wird die
Versorgung landwirtschaftlicher Flachen mit Phosphor in Form der bodenbezogenen
Klarschlammverwertung infrage gestellt und ist tendenziell als rucklaufig anzusehen. Des Weiteren
erscheint die Nutzung von Rohphosphaten zu Dingezwecken insbesondere aufgrund der
Importabhangigkeit und aktuell politischer Ereignisse, sowie sinkender Rohstoffqualitdten (Uran- und
Cadmiumbelastung) im Sinne einer nachhaltigen, kreislauforientierten Bodenbewirtschaftung als nicht
darstellbar. Die daraus resultierende Phosphorversorgungs- und Klarschlammentsorgungsproblematik
motivieren gleichermallen Wissenschaft und Forschung zur Erarbeitung neuer ressourceneffizienter
Phosphorkreislaufe.

Ausgehend von der Entsorgungsproblematik von Klarschlamm, der mit nennenswerten Massenstrémen
von 1,8 Mio.-t TS pro Jahr und Phosphorkonzentrationen mit bis zu 3 Ma.-% anfallt, ergibt sich eine
Tendenz zur thermischen Verwertung und anschlieBenden Rickgewinnung des Phosphats aus den
Aschen. Die Verfligbarmachung des sekundaren Phosphats gestaltet sich jedoch aufgrund der
Klarschlammgenese und des nachfolgenden Verbrennungsprozesses als herausfordernd. So werden
innerhalb der Abwasserbehandlung Fallmittel zur Uberfiihrung des Phosphors in wasserunldsliche
Bindungsformen genutzt. Fir die gebildeten Metall-Phosphat-Komplexe sind entsprechend der
spezifischen Eigenschaften des Kations - vorrangig Eisen und Aluminium - unterschiedliche
Aufschlussvermogen anzunehmen. Der Verbrennungsprozess hat ebenfalls Auswirkungen auf das
Phosphorriickldsevermdgen, insbesondere in Abhangigkeit von Parametern wie Temperatur und
Einsatz von Additiven zur Emissionsreduzierung.

Im Rahmen dieser Forschungsarbeit wurden Optimierungsansatze innerhalb der gesamten
Wertschopfungskette untersucht, um eine maximierte Phosphorverfligbarkeit ermdglichen zu kénnen.
Insbesondere die Verbrennung, als elementarer Prozessschritt, bietet dabei Variations- und
Verbesserungsméglichkeiten hinsichtlich der eingesetzten Verbrennungstechnologie (insb. Stationare
Wirbelschichtverbrennung), der Verbrennungstemperatur, sowie der Additivzugabe. So konnte
festgestellt werden, dass eine Temperaturerhhung um 50 bis 150 K eine verbesserte Léslichkeit aller
in der Asche befindlichen Mineralphasen bewirkt. Neben der Verbrennungsoptimierung werden zudem
mechanische (Dichtersortierung der Fraktionen), sowie tribochemische Optimierungsmdglichkeiten zur
Erhéhung der Phosphorverfligbarkeit betrachtet.

237



HyPerFerment — Wasserstoff aus Biomasse Steigerung
der Effizienz bestehender Biogasanlagen durch
Integration der Dunkelfermentation

Natascha Eggers, M.Eng. 1,2,3 (natascha.eggers@iff.fraunhofer.de)

Prof. Dr.-Ing. Torsten Birth 1,2 (torsten.birth@haw-hamburg.de)

Dr. Fabian Giebner 4 (giebner@micropro.de)

Dustin Heinemann, M.Sc. 5 (dustin.heinemann@streicher-anlagenbau.de)

1 Fraunhofer Institut fiir Fabrikbetrieb und -automatisierung IFF Energiesysteme und Infrastrukturen | Energie-
und Ressourceneffiziente Systeme 39106 Magdeburg | Sandtorstralle 22

2 Hochschule fiir Angewandte Wissenschaften Department Maschinenbau und Produktion 20099 Hamburg

3 Technische Universitét Dresden Fakultét Maschinenwesen 01069 Dresden | Helmholtzstr. 10

4 MicroPro GmbH Mikrobiologisches Labor 39245 Gommern | Magdeburger Stral3e 26b

5 STREICHER Anlagenbau GmbH & Co. KG 39245 Gommern | Magdeburger Chaussee 21

Im Rahmen der Sektorenkopplung bietet Wasserstoff einen Lésungsansatz fur die klimatechnisch erforderliche
Dekarbonisierung verschiedener Sektoren.

Im Jahr 2020 lag der Wasserstoffbedarf in Deutschland bei 55 TWh[1] . Durch die Potentiale des Wasserstoffes
fur die Sektorenkopplung und als alternativer Energietrager fir den Strom-, Warme- und Verkehrssektor wird
davon ausgegangen, dass der Bedarf in Deutschland in Zukunft deutlich steigen wird. Klimaschutzszenarien
des Oko-Instituts und Fraunhofer ISI gehen von einer Zunahme des Wasserstoffbedarfs um 110 TWh pro Jahr
bis 2050 [2] aus. Eine Studie des Bundesverbandes der Deutschen Industrie e.V. nimmt dagegen eine Zunahme
des H2 -Bedarfes um 380 TWh pro Jahr bis 2050 [3] an.

Dagegen kommen jedoch Studien des Fraunhofer ISE zu dem Ergebnis, dass bis 2050 lediglich 50 — 80 GW
Wasserstoff pro Jahr [4] durch Elektrolyse bereitgestellt werden kénnen. Das entspricht, je nach Studie und
Szenario, einem Anteil von 11 - 48 % des erwarteten Gesamtbedarfs.

Um die gesteigerte Nachfrage CO2 -arm zu decken, miussen Alternativen zur Elektrolyse untersucht und
ausgebaut werden. Eine alternative Wasserstoffquelle ergibt sich durch die sogenannte Dunkelfermentation,
einem Verfahren zur Bereitstellung biologischen Wasserstoffes aus Biomasse. Untersuchungen am Fraunhofer
IFF haben ergeben, dass das Potential der Dunkelfermentation in Deutschland bereits heute bei 50 000 Tonnen
bzw. 1,66 TWh Wasserstoff pro Jahr liegt. Dies entspricht schon jetzt 3 % des aktuellen Bedarfs in Deutschland.

(3]

Im Projekt HyPerFerment Il beschaftigt sich das Fraunhofer IFF unter der Leitung der MicroPro GmbH und in
Zusammenarbeit mit der STREICHER Anlagenbau GmbH & Co. KG mit der Integration der Dunkelfermentation
in bestehende Biogasanlagen. Erste Versuche im Labor- und Technikumsmafstab legen eine deutliche
Effizienzsteigerung nahe, die anhand einer Demonstrationsanlage im 10 m3 -Mafstab belegt werden soll. Die
Anlage befindet sich derzeit im Aufbau und soll im Herbst 2022 in Betrieb genommen werden.

Im Vortrag wird der HyPerFerment-Prozess sowie der derzeitige Bearbeitungsstand dargestellt und anhand
aktueller Messdaten der Labor- und Demonstrationsanlagen untersetzt.

[1] 2020. Die Nationale Wasserstoffstrategie, Berlin.

[2] J. Repenning, L. Emele, R. B., G. dehoust, H. F., B. Greiner, R. Harthan, K. Henneberg, H. Hermann, W. Jor, S. Ludig,
C. Loreck, M. Scheffler, K. Schumacher, K. Wiegmann, C. Zell-Ziegler, S. Braungardt, W. Eichhammer, R. Elsland, T. Fleiter,
J. Hartwig, J. Kockat, B. Pfluger, W. Schade, B. Schlomann, F. Sensfuf, and H. Ziesing. 2015. Klimaschutzszenario 2050.
Studie im Auftrag des Bundeminesteriums fir Umwelt, Naturschutz, Bau und Reaktorsicherheit. Zusammenfassung des 2.
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District heating (DH) networks will play an important role in transitioning into a carbon natural economy.
When communities grow, so do the respective DH networks, and often the opportunity for coupling
different DH networks together arises. This creates the need for high-level control concepts that allow
for the handling of such coupled DH networks. These networks are often operated by different owners
with different economic interests. Any high-level control concept for coupled DH networks must respect
this multi-owner energy system structure.

Optimization-based energy management systems (EMS) are a promising high-level control approach
for coupled DH networks. These rely on mathematical optimization to devise an optimal operation plan
for all production units, taking varying prices, future demand and yield predictions, and operational
constraints into account. However, extending an optimization-based EMS for coupled DH networks with
a multi-owner structure is non-trivial. This contribution aims to provide an EMS algorithm that supports
this task.

The presented concepts were tested on the real-world example of the three DH networks of Leibnitz,
Austria. The DH networks are operated by two owners and incorporate biomass boilers, industrial waste
heat and a gas backup boiler. The goal is to reduce the overall cost and CO2 emissions of the energy
system. Preliminary test results show a reduction in CO2 emissions by 35% and a reduction in fuel costs
by 7%.
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Relevance

The production of Iron & Steel still inevitably involves emission of great amounts of carbon dioxide from non-
regenerative fuels. The annual increase of worldwide demand in crude steel highlights the need to drastically
decrease the specific amount of emitted CO: in order to meet the global climate goals. The blast furnace
emissions themselves are largely fully minimized as long as only fossil fuels (coke and coal) are considered.
One major optimization has been to employ pulverized coal injection (PCI) technology. This technology
also offers the option to replace coal by carbonized woody biomass (bioreductant).[1,2] After finishing
previous studies on carbonization and pulverization technologies, it appears that the limited availability of
suitable biomass and the lengthy process of establishing appropriate supply chains might be the main
impeding factor to this approach. To allow for this transition phase and general fuel flexibility contributing to
process reliability, the possibility of also a partial replacement of coal by carbonized biomass within the same
technical system has been investigated.

Objectives & Approach

The present study focuses on the conveying system employed in PCI, specifically the fluidization and the
material outlet. By experimentally investigating the mixing and segregation behaviour of the binary mixture of
PCl-coal and bioreductant whilst fluidization with air and drainage in a small fluidization vessel, the stability
of the future process can be estimated. To that end, two fluidization columns with air permeable disks at the
bottom and a pressurized air supply beneath have been assembled. One assembly was used for testing the
mixing/segregation behaviour in the fluidized bed itself (routine A, oriented on ASTM-D6941) and therefore is
build with multiple cylindrical segments in the lower part of the column to enable a proper sampling at distinct
bed heights. The second assembly was used to record the fluidization graph (pressure drop over superficial
gas velocity) and to analyse the mixture quality whilst the drainage of the fluidized bed (routine B) and
therefore is equipped with a differential pressure meter beneath and over the powder bed, and a closable
discharge pipe through the permeable

disk.

Test runs with different proportions of bioreductant added to the PCI coal in a separate layer prior to
fluidization, were performed. After maintaining a fluidized bed for a short period of time fluidization is stopped
and thereupon the test bed is separated in different regions and analysed according its constituents, i.e.
the mixture quality by assessing the bulk density and/or the content of volatiles. Each test run is performed
twice with vice versa layering (routine A). Additionally, each test run is repeated without stopping the
fluidization but discharging the fluidized bed through a tube and sampling it by succession (routine B).

Results

Preliminary tentative tests with alternative bioreductant samples highlight the need to evaluate the respective
mixing/segregation behaviour of each pairing of powders and fluidization parameters, as the mixture quality
appears to be mainly determined by choosing size distributions appropriate to differences in the respective
particle density.

For the final bioreductant sample and coal along with their chosen particle size distributions no noteworthy
concentration gradients have been recorded at the discharge sequence (routine B). The testing of the
mixing/segregation within the fluidized bed (routine B) is currently performed, and results will be available within
a few months.

1 Babich, Alexander (2021): Blast furnace injection for minimizing the coke rate and CO2 emissions, Ironmaking &
Steelmaking, DOI: 10.1080/03019233.2021.1900037

2 Toloue Farrokh, Najibeh; Suopajarvi, Hannu; Mattila, Olli; Sulasalmi, Petri; Fabritius, Timo (2020): Characteristics of
wood-based biochars for pulve-rized coal injection. In: Fuel 265, p. 117017. DOI: 10.1016/j.fuel.2020.117017.
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Ausgangssituation

In Deutschland bendtigt die Industrie mit 657 Terrawattstunden ca. 28% der Endenergie. Davon werden 2/3 fur
die Bereitstellung von Prozesswarme bendtigt. Dies entspricht damit knapp 19% des Endenergiebedarfs in
Deutschland. In 2020 wurden mehr als 70 % dieser Prozesswarme mit fossilen Energietragern (Gas, Ol, Kohle)
erzeugt. Nur 6% aus Erneuerbaren Energien und 8% aus Strom.

Trotz dieser Zahlen ist die Prozesswarmewende im Gegensatz zur Warmewende im Bereich Gebaude in der
offentlichen Diskussion und der politischen Agenda nur ein Randthema. Erst durch die aktuelle geopolitische
Lage mit Versorgungsunsicherheiten vor allem mit Erdgas wird etwas klarer wie abhangig vor allem die Industrie
davon ist. Wahrend flr die Warmeerzeugung in Gebduden verschiedene etablierte Alternativen zur
Unabhéangigkeit von fossilen Energietrdgern am Markt verflgbar sind, besteht im Bereich der
Prozesswarmeerzeugung enormer Entwicklungsbedarf.

Die Umstellung bestehender fossil befeuerter Prozesse auf elektrische Beheizung ist meist mit enormen
Investitions- und Umbaukosten verbunden. Die Umstellung auf den politisch bevorzugten Wasserstoff wird noch
Jahr(zehnt)e dauern. Kurzfristiger umsetzbare Alternativen kdnnte hier der Bioenergiesektor liefern.

Erfolgte Projekte

UMSICHT hat mit Partnern aus der Industrie im Bereich der Prozesswarmebereitstellung mehrere konkrete
Anwendungen untersucht.

Im Projekt BioBrick (Biomasse als Schlissel fiir eine nachhaltige Produktion von Ziegeln — Energieversorgung,
Erzeugung von Prozesswarme und stoffliche Verwertung von Vergaserriickstdnden) wurde die Integration eines
Holzvergasers zur Erdgassubstitution im Tunnelofen gepriift. Zudem wurde die Nutzung von Vergaserkoks als
Porosierungsmittel in der Ziegelherstellung untersucht. Neben der technischen Machbarkeit wurden die
Okonomische und dkologische Bewertung durchgeflihrt. Es konnte gezeigt werden, das die Porosierung mit bis
zu 0,8 Ma.-% Vergaserkoks mdglich ist und dadurch bis zu 20 % Erdgas eingespart werden kann.
Brennerversuche mit Holzgas zeigten, dass mit modifiziere Brennertechnik geringe Emissionen, ausreichende
Wurflangen und Temperaturen erreicht werden kénnen. Bei Projektende (Anfang 2022) war unter den
Rahmenbedingungen eine Einbindung eines Holzvergasers(-BHKW) noch nicht wirtschaftlich, dies scheint aber
unter Einbezug der aktuellen Preisentwicklung am Energiesektor absehbar.

Weiteres Vorgehen

Im Anschlussprojekt soll jetzt die praktische Umsetzung, also die Integration eines Holzvergasers an eine
Brennergruppe des Ziegelwerks und die direkte Nutzung des erzeugten Vergaserkokses erfolgen und so
gezeigt werden, dass eine kontinuierliche Produktion mit Holzgas moglich ist. Durch den ganzheitlichen
Projektansatz der neben der thermischen Nutzung des Holzgases auch die Stromerzeugung mittels Holzgas-
BHKW enthélt soll ein Weg zur CO2-neutralen Ziegelherstellung aufgezeigt werden. Die grundlegende
Ubertragbarkeit auf andere Ziegelwerke wurde bereits evaluiert.

Um hier noch flexibler zu werden, sprich unterschiedliche Reststoffe nutzbar zu machen, wird derzeit in einem
weiteren Projekt (KliSchGa2) die Herstellung von Reststoffpellets und die evtl. Anpassung eines Holzvergasers
darauf untersucht. Hier erfolgte im Vorprojekt KliSchGa bereits die Erzeugung verschiedener Pelletmischungen
mit einem neuartigen Verfahren. Im aktuellen Projekt soll ein Marktverfligbarer Vergaser fir den Betrieb mit den
Reststoffpellets optimiert werden. Zudem wird der Vergaser an einen Brennofen in der Keramikindustrie
angeschlossen um dort das Gas zu nutzen und das entstehenden Vergaserkoks in den Keramikmischungen
als Porosierungsmittel zu nutzen.
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This work investigates a small-scale biomass boiler, which utilizes an under-feed stoker concept with double air
staging and softwood pellets as fuel. The goal of the studies is to optimize the boiler in terms of NOx emissions
with numerical methods. CFD methods are already well established in science and industry and provide a detailed
insight. However, they are very time consuming, when conducted on a full-scale 3D model, which limits the
number of parameter variations. This work investigates simplified methods, which can be run in a fraction of time
a CFD simulation would require, therefore allowing the variation of multiple parameters. These methods can be
applied in an early stage of development to find the optimal design parameters for air-to-fuel ratio, residence time,
and temperature to minimize NOx emissions. Furthermore, the methods support the selection of cases in order to
perform final CFD-based optimisations.

The numerical studies are conducted with three different methods of varying complexity: (i) a reactor network of
zero-dimensional perfectly stirred tank reactors (PSTR), (ii) a reactor network of one-dimensional plug flow
reactors (PFR) and (iii) a full-scale 3D CFD simulation. For the CFD method an in-house developed 3D packed
bed model for biomass grate furnaces' has been expanded and improved to consider the release of NOx precursors
at the particle level. For the PSTR and PFR methods the fuel bed is not explicitly modelled, but rather the
composition above the fuel bed from CFD is taken as inlet composition for the reactors, which model the secondary
and tertiary combustion zone. All methods employ an up to date skeletal reaction mechanisms? from literature
(37 species and 168 reactions), that includes hydrocarbon as well as nitrogen chemistry.

In the study, the PSTR and PFR methods are compared with the numerically expensive CFD methods and also
benchmarked against experimental data. The species composition and temperature of the flue gas at the boiler
outlet was selected as the benchmark variable. The reactor network methods showed reasonable agreement with
the CFD results as well as experimental data and give valuable indications of possible emission reductions,
depending on the mixing behaviour in the combustion chamber. With the computationally inexpensive methods
multiple parameter variations e.g. residence time, temperature, reactor volume, are possible to run in a fraction of
the time of a CFD analysis. Therefore, design guidelines can be derived faster and the optimization of the boiler
is less time consuming.

1 Shiehnejadhesar A., Mehrabian R., Hochenauer C., Scharler R., The virtual biomass grate furnace - an overall CFD model for biomass
combustion plants, Energy Procedia, 2017, Vol. 120, pp. 516-523.

20T, Skreiberg @., Levas T. & Glarborg P., Skeletal mechanisms for prediction of NOx emission in solid fuel combustion, Fuel, 2019,
Vol. 254, pp. 115569
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Die Verfugbarkeit griner Gase hat sich durch die aktuellen geopolitischen Entwicklungen zu
einem zentralen Thema am Gasmarkt entwickelt. Mit der REPowerEU-Initiative der Europaischen
Union vom Mai 2022 soll die Biomethanproduktion um Faktor 10 von gegenwartig 3 auf 35 Mrd.
m? i.N. bis 2030 gesteigert werden. Der groRte Beitrag ist von Deutschland zu erwarten, da hier etwa die
Halfte der in der EU betriebenen Biogasanlagen ansassig sind.

Far die angestrebte Dekarbonisierung des Strombereichs und die sprunghafte Nachfrage nach griinen
Gasen stellt insbesondere die Aufbereitung von Biogas zu Biomethan eine zukunftsfahige Alternative zur
bisherigen Hauptnutzungsform, der Stromgewinnung, dar.

Bei der katalytischen Biogasmethanisierung lasst sich durch die Nutzung des im Kohlenstoffdioxid

enthaltenen  Kohlenstoffpotenzials die Biomethanausbeute bei unverminderter Menge an
Substrateinsatz nahezu verdoppeln, der Kohlenstoffkreislauf weiter schlieBen und CO:2-
Emissionen reduzieren. Weitere Potenziale ergeben sich durch die Anwendung

thermochemischer Konversionsverfahren auf die verbleibenden Garreste.

Eine weitere Option stellt die Wasserstoffproduktion mittels diverser Reformierungsverfahren
dar. Fur Biogas wurden insbesondere die autotherme, die trockene sowie die Dampfreformierung entwickelt
und getestet. Die besten Ergebnisse wurden mit der Dampfreformierung erreicht.

Zugleich ergeben sich damit neue Optionen der Kopplung der Sektoren Landwirtschaft-
Abfallwirtschaft-Verkehr-Warme-Chemie.

Der Beitrag beschaftigt sich schwerpunktmaRig mit den durch die neuen Marktbedingungen
anstehenden Herausforderungen zur Bereitstellung griner Gase auf Biogasbasis im Kontext der
Nachhaltigkeit. Neben der technischen Machbarkeit bedarf es fur den erfolgreichen Markteintritt ganzheitlich
orientierte Betrachtungen, die sowohl technisch-Okonomische als auch Okologische und soziale Aspekte
hinreichend genau abbilden.

Bei der Auswahl der verwendeten Indikatoren liegt der Fokus auf solchen Indikatoren, die derzeit besonders im
offentlichen Interesse stehen und unmittelbare Auswirkungen auf die Akzeptanz haben. Ausgangspunkt bilden
Sankey-Diagramme der relevanten Routen zu Stoff- und Energiestrdmen einschliellich der daraus
abgeleiteten Wirkungsgrade.

Aus 06kologischer Sicht geht es beispielsweise um verursachte bzw. vermiedene Treibhausgasemissionen
sowie Flachenbedarfe, aus O&konomischer Sicht um Anlagen-, Substrat- und Stromgestehungskosten.
Soziale Effekte beziehen sich u. a. auf die Bereiche Versorgungssicherheit und Importabhangigkeit. Die
Ergebnisse werden im Rahmen einer SWOT-Analyse veranschaulicht.

Vor diesem Hintergrund werden die katalytischen Biogasmethanisierung und die Wasserstoffproduktion
vergleichend betrachtet. Fir eine umfassende Bewertung werden auch die Folgewirkungen der
konventionellen Erdgasgewinnung und Wasserstoffproduktion zum Vergleich herangezogen sowie férdernde
und hemmende Faktoren diskutiert.
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Spanner Re? ist mit ca. 1.000 installierten Holz-Kraft-Anlagen einer der erfolgreichsten Hersteller
holzbasierter KWK-Anlagen. Das Unternehmen mit Sitz im niederbayerischen Neufahrn hat sich zu
anfangs auf den kleinen Leistungsbereich spezialisiert. Mittlerweile zahlt Spanner Re? mit seiner
bewahrten Holzgas-Technik auch im MW-Bereich zu einer der fuhrenden Hersteller am Weltmarkt.

Die Holz-Kraft-Anlagen basieren auf dem Prinzip der Kraft-Warme-Kopplung (KWK) und erzeugen aus
einer grol3en Bandbreite an Biomasse, Strom & Warme. Der zentrale Schritt der Holzvergasung findet
im patentierten Reformer statt. Dieser arbeitet im Gleichstrombetrieb, d.h. die Hackschnitzel und das
Holzgas bewegen sich in die gleiche Richtung. Das Glutbett ist bei diesem Verfahren besonders
kompakt und kontrolliert, was zu einem aulerst sauberen Holzgas flhrt. Das Holzgas wird dem BHKW
zugefuhrt. Bei dieser Technik der Holzvergasung wird neben Strom gleichzeitig auch Warme erzeugt
und das anders als bei Solar- und Windenergie wetterunabhangig. Die innovative Technik von Re? halt
ein weiteres grolRes Potential bereit: Denn dass, im Holzvergaser produzierte Holzgas kann auch ohne
Einsatz eines BHKW als Direktgas genutzt werden. Dadurch lasst sich beispielsweise Erdgas bei
Industrieprozessen ersetzen.

Ob Waldhackgut, Waldrestholz, aufbereitetes Strallenbegleitgrin oder geschredderte Obstkisten - ein
Holzvergaser von Spanner Re? erzeugt aus nahezu jedem Holz Energie. Holz ist nicht der einzige
Brennstoff der verwendet werden kann. Erprobte Alternativen sind Nussschalen, Sonnenblumen oder
Kunststoffabfalle was fossile Ressourcen einspart.

Holz-Kraft-Anlagen verfligen Uber einen breiten Anwendungsbereich. So werden Sie zur Strom &
Warme Erzeugung fir Hotels, Landwirtschaften und Holzverarbeitende Betriebe eingesetzt. Auch
nutzen Unternehmen die erzeugte thermische Energie fur lhre Prozesse oder nutzen das Holzgas als
Ersatz fir Erdgas.
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Abstract

The fast-growing scientific domain of biodiesel production makes is more and more difficult for a
researcher to read and know about all the information within this single topic. The process of manually
retrieving information (reading) can thus be said to be infeasible, and therefore this work attempts to
use artificial intelligence methods to classify biodiesel production articles, and, in turn, to extract
operational parameters from the published work. Initially a keyword in Scopus was used, in this case
biodiesel, to retrieve a larger collection of references to articles regarding or mentioning biodiesel inside
the articles title, abstract or keywords. Next, a test set of 400 abstracts were annotated as either relevant
orirrelevant. The relevant articles are the ones that investigate optimisation of biodiesel production, and
the irrelevant are all the articles containing something related to biodiesel but are not concerned with
optimising a certain reaction. To classify the abstracts, the text is processed in two separate bag of
word feature sets. The first approach uses a reduced bag of words with frequencies of selected
keywords and phrases that are deemed representative of biodiesel optimization studies. The second
feature set is created with scikit-learn count vectorizer function and uses the 1000 most frequent 1,2,
and 3-grams. By using more input-features (1000 most frequent words and phrases), the models seem
to be able to separate the two classes better than with the reduced bag of words. Furthermore, among
the models, a shallow artificial neural network (1000 inputs, 1 hidden layer & 8 nodes with kernel
regularization, 50 % dropout before binary classification and class threshold of 0.3) had the best
performance on the test set. For this model, the metrics obtained was accuracy = 0.86, recall/sensitivity
= 0.94, precision = 0.83, and F1-score = 0.88. For comparison, random forest (the best performing
classical machine learning model) showed accuracy = 0.86, recall/sensitivity = 0.85, precision = 0.89,
and F1-score = 0.87. Recall or sensitivity, a measure of how many relevant abstracts that was classified
as the relevant class, is important for this problem. In the next part of the research, all the documents
were inserted into a document-structured database and annotated as relevant or irrelevant using the
previous mentioned methods. In addition to machine learning classification, response tables with
reactions were used to further limit and exclude false positive articles and to identify the variables used
in the publication. With a relatively homogeneous database, two separate search approaches were
applied to find the constant parameters. The first uses a text search to match categorical parameters,
for instance, which oil, alcohol, catalyst, etc. was used to produce biodiesel. The second approach
applies sentence matching patterns using spaCy natural language processing in python, to identify and
extract numerical parameters from sentences, like how much oil was used, number of catalytic cycles,
volume of reactor, etc. In turn, a dataset of selected reactions can be extracted from the database and
investigated (manually and/ or with data science tools), with the goal to decrease the amount of manual
labour in screening reactants and components. After selection of components in the reaction, the ranges
priorly investigated can help select appropriate levels for new optimization studies.

245



A thermodynamic analysis of hydrogen production
pathways from biomass

Rakesh Narayana Sarma’
Email ID: nrakeshenergy@yahoo.com (Rakesh Narayana Sarma)

Co-Authors: Gokulakannan Senthilvelan?, Ravikrishnan Vinu'2

" Department of Chemical Engineering and National Centre for Combustion Research and
Development, Indian Institute of Technology Madras, Chennai, Tamil Nadu, PIN - 600036, India

2 X2Fuels & Energy, IIT Madras Research Park, 32, Kanagam Rd, Kanagam, Tharamani, Chennai,
Tamil Nadu, PIN — 600113, India

Email ID: gokulakannan@xZ2fuelsenergy.com (Gokulakannan Senthilvelan), vinu@iitm.ac.in
(Ravikrishnan Vinu)

Homepage: sites.google.com/site/vinuresearch/home

The present study analyses hydrogen production pathways from biomass. Biomass can be a source
for electricity, heat, liquid and gaseous fuels. Thermochemical and biochemical routes can be adapted
to transform waste biomass for clean energy, fuel generation. Hydrogen receives attention as a clean
fuel for transportation, power generation and industrial applications. The current work involves
comparison of the hydrogen production through major pathways. Anaerobic digestion, a biochemical
pathway, produces biogas, which can be purified to obtain biomethane. Methane can be reformed to
generate syngas. Syngas can also be obtained through thermochemical routes like gasification,
pyrolysis. CO in syngas can undergo Water Gas Shift reaction to generate additional hydrogen.
Further separation of hydrogen can be carried out using Pressure Swing Adsorption. While most of
the processes are catalytic, an estimate of hydrogen production can be obtained thermodynamically.
The effects of parameters like initial gas composition and temperature on the hydrogen yield from the
pathways is discussed. The thermodynamic studies are carried out using NASA Computer program
Chemical Equilibrium and Applications (CEA). The results of thermodynamic studies are compared
with those from analyses using catalytic data, carried out with the software DWSIM. The major focus
of the work is on steam reforming of methane and water gas shift reaction for hydrogen production.

246



Integrating pulp industry sludge torrefaction with
anaerobic digestion: A novel approach to produce
bioenergy carriers and biochemicals at improved
economic feasibility

Tharaka Rama Krishna C Doddapaneni, Timo Kikas,
Chair of Bioeconomy Technologies, Institute of Forestry and Engineering, Estonian University of Life
Sciences, Kreutzwaldi 56, 51006, Tartu, Estonia. tharaka.doddapaneni@emu.ee

Pulp industry sludge is the residue generated during the wastewater treatment at pulp and paper mills,
which is rich in organic fraction. In general, around 40 — 50 kg (dry) sludge is produced per ton of paper
produced. According to the estimates based on pulp production in 2021, the pulp mills in Europe can
generate between 2 — 3 million tons (dry) of pulp industry sludge. Sustainable handling of such large
quantities of sludge is a challenge for the pulp mills. Land application, composting, landfilling, anaerobic
digestion and incineration are the commonly applied techniques to handle the pulp sludge. However, these
methods are not sustainable and involve additional costs for the pulp mills. For example, the landfilling of
organic residues is restricted in Europe. Because of the lower methane yield and the presence of process
chemicals, anaerobic digestion may not be a feasible solution. Thus, there is a need to develop advanced
strategies for the resource recovery from pulp industry sludge.

On the other hand, the economic feasibility of producing bio-based products at commercial scale
is not yet fully competitive with the fossil-based counter parts. The reasons include, higher feedstock price,
lower product yield, complex and costly pre and post treatments. Thus, in order to improve the overall
feasibility of the bio-based products, there is need to produce them from low cost feedstock with higher
product yield and at reduced production costs. In that view, using organic wastes as feedstock, producing
multiple products by integrating different processes together could be a feasible approach.

In that regard, an innovative process configuration was developed by integrating thermochemical
and biochemical conversion processes. To be specific, initially, torrefaction of pulp sludge was carried out
to produce torrefied sludge and torrefaction condensate. Later, torrefaction condensate (TC) was used as
a substrate in anaerobic digestion (AD) to produce biomethane and volatile fatty acids (VFA). The heating
value of the torrefied sludge was in the range of 20 — 22 MJ/kg. In terms of fuel characteristics, the torrefied
sludge could be compared with low ranking coal. When it comes to AD, the biomethane potential of the TC
varied in the range of 400 — 770 mL/g VS. The VFA yield was in the range of 2 — 4.5 g/g VS. The techno-
economic feasibility analysis showed that the minimum selling price of the torrefied pellets can be reduced
by 2.5 times in case of pulp sludge compared with torrefied pellets production from wood chips. The selling
price of the biomethane and VFA, compared with current market price, could be reduced by 90 and 60%,
respectively. To conclude, the developed process for resource recovery from pulp sludge allows to
integrate different industries under the concept of industrial symbiosis and can reduce the production costs

of bioenergy carriers and biochemicals significantly.
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Running a combined-heat-and-power plant at low
cost with wood gasification and ORC technology

Author: Mr. Sven JENSEN

Durr Systems AG

Carl-Benz-Str. 34, 74321 Bietigheim-Bissingen
sven.jensen@durr.com

www.durr.com

Co-Authors: Mr. Jonas OSWALD

Biomass firing in small to medium size range is widely used in Austria, Switzerland, Germany and other
countries to provide households, public buildings and the industry with CO2-free heat. Typically, the
individual heating plant ranges from 1 MW to 20 MW thermal power. In light of increasing electricity
prices, investors can generate additional value in combining heat production with electricity production.

In a joint effort the two companies Polytechnik GmbH, one of the leading manufacturers of biomass fired
boilers in Austria, and Durr Systems AG, one of the leading manufacturers of ORC plants in Germany,
closed ties in order to develop a new and innovative product. The concept combines the advantages of
a biomass gasification system named Poly H.E.L.D.® with the unique characteristics of the Cyplan® ORC
technology. The plant converts biomass into electric power and process heat at a temperature level of
up to 95 °C.

A reactor with a conical grate, which Polytechnik developed specifically for this application, assures the
correct retention time of the biomass particles in the reaction and gasification zone and sends the ashes
into opposite directions. The synthesis gas carrying several burnable substances leaves the reactor to
the top. The syngas incinerates in an external multistage combustion chamber with very low combustion
air surplus and, thus, with high efficiency. The flue gas is characterized by a very low dust content. It
flows to a mixing chamber, where the temperatures is adjusted to approx.. 500 °C and then enters the
evaporator of the ORC system. This primary heat exchanger transfers the thermal energy of the flue
gas to the ORC working media, which is sent to the turbogenerator and electric power is produced. The
condensing heat of the ORC process is transferred to a hot water loop and the temperature is brought
up to 95 °C. A part of the flue gas, which has been cooled down to approx.. 220 °C by the ORC system,
is send back to the mixing chamber and surplus flue gas passes an economizer before it leaves the
plant at low temperature through the stack.
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Mobiles Hackgut-
Lager-Heizsystem

ENERCONT - Mobiles Hackgut-Lager-Heizsystem

v Geringer Platzbedarf v/ Geringe Investition v’ Flexibilitat
v/ Geringe Baukosten v/ Bestehende Heizungsanlagen v/ Flachendeckende Logistik

v Geringe Larm-/Staubemission
ENERCONT - Trocknungscontainer

v/ Mit dem ENERCONT Trocknungscontainer haben Sie Logistik-Behalter und Trocknungsanlage in einem.
Also kein mihsamer Transport zwischen Trocknungsanlage und Lager.

v/ Energie wird optimal genutzt. Warmluft, die bisher einfach in die Luft entweicht, wird mit dem
ENERCONT Trocknungscontainer optimal genutzt und Sie sparen Geld.

v/ Da die Luft nach oben aufsteigt, wird eine gleichmaBige Trocknung des Hackgutes erreicht.

v/ ENERCONT Trocknungscontainer sind kostengtinstig in der Errichtung und einfach zu handhaben.

ENERCONT GmbH, A-5431 Kuchl, Georgenberg 281 E N E R CO NTGmbH

Tel. +43(0)6244 /34 312 Energie- und Umwelttechnik
office@enercont.at, www.enercont.at Entsorgungstechnik



Programm Teil 2
Workshops
Parallelblocke 1-14
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Workshops
Parallel sessions 1-14



Parallelblock 1
Nachhaltigkeit des Einsatzes von Biomasse

fiir die energetische Nutzung
Saal 5, 09:00 - 10:30

Chair: Luc Pelkmans, /EA Bioenergy, BEL
09:00 Beginn

Klimabilanzen ausgewdhlter Wald- und Holznutzungsszenarien
Stefan Fiichsl, TUM Campus Straubing, DEU

Klimaschutz und Forstwirtschaft
Ernst-Detlef Schulze, Max-Planck-Institut, DEU

Integrierter Bewertungsrahmen fiir die Zertifizierung von geringem
Landnutzungsédnderungsrisiko

Beike Sumfleth, DBFZ, DEU

In ein groBes Stahlwerk integrierte Biotreibstoffherstellung aus
Altholz - Umwelt- und soziale Auswirkungen

Maria Hingsamer, Joanneum Research, AUT

Praxis Erfahrungen aus der Implementierung der RED Il
Amparo Arellano, SURE Sustainable Resources, DEU

10:30 Kaffeepause

Vortragssprache Englisch S}=

Parallel Session 1
Sustainability of biomass for energy solutions
Room 5, 09:00 - 10:30

Chair: Luc Pelkmans, /EA Bioenergy, BEL

09:00 Opening

Greenhouse gas balances of selected forest und wood utilization
scenarios

Stefan Fiichsl, TUM Campus Straubing, GER

Climate change mitigation and forest management
Ernst-Detlef Schulze, Max-Planck-Institut, GER

Integrated Assessment Framework for Low iLUC Risk Certification
Beike Sumfleth, DBFZ, GER

Environmental and social impacts of biofuel production using waste
wood integrated in a large-scale steel mill

Maria Hingsamer, Joanneum Research, AUT

Practical experiences from the implementation of the RED II
Amparo Arellano, SURE Sustainable Resources, GER

10:30 Coffee Break

Language English Z}=
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Parallelblock 2

. . . . . Donnerstad

Biochemische Bioraffinerien
Saal 6, 09:00 - 10:30 1 9-
Janner

Chair: Marco Klemm, DBFZ, DEU
09:00 Beginn

SynGas Fermentation zur Erzeugung von Treibstoffen und
Chemikalien aus organischen Reststoffen
Werner Fuchs, BOKU, AUT

Einsatz des Biopolymers Chitosan als Flockungsmittel zur
Girrestaufbereitung (FFG Projekt BioFlock)
Wolfgang Gabauer, BOKU, AUT

Bioabfall als Ressource fiir die kombinierte Bereitstellung von
Material und Energie: Konzept und Betrieb der Pilotanlage einer Bio-
raffinerie mit Dampfexplosionsaufschluss und zwei-stufiger anaerober
Vergarung als Schliisselelementen

Gregor Sailer, Uni Hohenheim, DEU

Effiziente Synthese von Methanol aus reformiertem Biogas
Carl Fritsch, FiW RWTH Aachen, DEU

Innovative Losungen fiir die ressourcen- und kosteneffiziente
Herstellung von Biomethan in der Landwirtschaft

Kirsikka Kiviranta, VIT Technisches Forschungszentrum Finnland, FIN

10:30 Kaffeepause
Vortragssprache Englisch S¥=

Parallel Session 2

. . ) .. Thursday

Biochemical Biorefineries
Room 6, 09:00 - 10:30 ‘ 9-
January

Chair: Marco Klemm, DBFZ, GER
09:00 Opening

Syngas fermentation for the production of fuels and chemicals from
organic residues
Werner Fuchs, BOKU, AUT

Utilization of the biopolymer chitosan as coagulation agent for the
treatment of digestate (FFG project BioFlock)
Wolfgang Gabauer, BOKU, AUT

Biowaste as resource for combined generation of materials and
energy: Concept and operation of a pilot-scale biorefinery with steam
explosion treatment and two-staged anaerobic digestion as core ele-
ments

Gregor Sailer, Uni Hohenheim, GER

Efficient methanol synthesis of reformed biogas
Carl Fritsch, FilW RWTH Aachen, GER

Innovative solutions for resource- and cost-efficient production of
biomethane in agriculture
Kirsikka Kiviranta, VIT Technisches Forschungszentrum Finnland, FIN

10:30 Coffee Break . =
Language English &=
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Workshop: Highlights der Bioenergieforschung 2023, saal 1, 09:00 - 12:30

Nationale und internationale Ergebnisse aus den IEA Bioenergy Tasks

JSeit Griindung der IEA war Osterreich in For-
schungsprogramme im  Bereich erneuerbare Ener-
gien involviert. Derzeit nimmt Osterreich an 23
Technologiekooperationsprogrammen (TCPs) teil.
Internationale Zusammenarbeit im Bereich der Bio-
energieforschung bleibt entscheidend, um den Sek-
tor weiterzuentwickeln und Klimaziele zu erreichen.”
Henriette Spyra, Leiterin der Sektion Innovation und
Technologie, BMK, AUT

09:00 Beginn

Die Veranstaltungsreihe ,Highlights der Bioenergieforschung” wurde vom
Klimaschutzministerium (BMK) mit dem Ziel ins Leben gerufen, eine Platt-
form fiir alle Expert:innen und Stakeholder in diesem Bereich zu schaffen.

Osterreich beteiligt sich im Rahmen der IEA Forschungskooperation inten-
siv an verschiedenen Tasks des Technology Collaboration Programme (TCP)
Bioenergy. Ziel ist unter anderem zur Dekarbonisierung der Warme- und
Stromversorgung beizutragen, etwa durch die Substitution fossiler Brenn-
stoffe in der Industrie und die Entwicklung integrierter Bioraffinerien.

Bei ,Highlights der Bioenergieforschung" werden aktuelle Entwicklungen
und Ergebnisse aus den Tasks vorgestellt. Es erwarten Sie spannende Vortra-
ge zu biobasierten Wertschdpfungsketten fiir eine zirkuldre Bio6konomie,
integrierten Bioraffinerien zur Dekarbonisierung der Industrie, nachhaltige
Biomasse-KWK-Anlagen und vieles mehr. Transnationale Forschungs- und
Entwicklungsprojekte zur nachhaltigen Nutzung von Bioenergie aus dem
ERA-NET Bioenergy stellen einen weiteren wichtigen Schwerpunkt dar.

Die Highlightsveranstaltung findet wie auch vor drei Jahren im Rahmen der
7. Mitteleuropiischen Biomassekonferenz CEBC2023 (18. bis 20. Janner
2023 in Graz) statt.

Das laufend aktualisierte Programm finden Sie unter:
https://nachhaltigwirtschaften.at/en/events/2023/20230119-highlights-
bioenergy.php

Workshop: Highlights of Bioenergy Research 2023, Room 1, 09:00 - 12:30

National and international results from the IEA Bioenergy Tasks

.From the beginning of the IEA Austria was involved in
renewable energy research programs. Currently Austria
participates in 23 technology cooperation programs
(TCPs). International collaboration in the field of bioen-
ergy research remains key in order to develop the sector
and to approach climate goals.”

Henriette Spyra, Head of Directorate General Ill -
Innovation BMK, AUT

09:00 Opening

The series of events ,Highlights of Bioenergy Research" was launched by
the Federal Ministry of Climate Action, Environment, Energy, Mobility,
Innovation and Technology (BMK) with the aim of creating a platform for
all experts and stakeholders in this area.

Within the framework of the IEA research cooperation, Austria is inten-
sively involved in various tasks of the Technology Collaboration Program
(TCP) Bioenergy. The aim is, among other things, to contribute to the de-
carbonization of heat and power supply, for example by substituting fossil
fuels in industry and the development of integrated biorefineries.

Current developments and results from the tasks are presented in ,High-
lights of Bioenergy Research". You can expect exciting lectures on bio-
based value chains for a circular bioeconomy, integrated biorefineries for
the decarbonization of industry, sustainable biomass CHP plants and much
more. Transnational research and development projects for the sustainable
use of bioenergy from the ERA-NET Bioenergy represent another important
focus.

The continuously updated programme can be found at:
https://nachhaltigwirtschaften.at/en/events/2023/20230119-highlights-
bioenergy.php

Donnerstad

19.

Janner

Sabine Mitter,
Abt. Energie- und Umwelttechnologien, BMK

Moderation: Hannes Bauer, BMK, AUT

09:00 BegriiBung und Einfiihrung
Sabine Mitter, BMK, AUT

Highlights der IEA Bioenergy
Dina Bacovsky, BEST, AUT

Neues aus dem IEA Bioenergy Task 40: Einsatz biobasierter Wert-
schopfungsketten
Fabian Schipfer, TU Wien, AUT

Neues aus dem |EA Bioenergy Task 32: Verbrennung von Biomasse
Christoph Schmidl/Morten Tony Hansen, BEST, AUT

Neues aus dem IEA IETS Annex 11: Industrielle Bioraffinerien
Bettina Muster-Slawitsch, AEE Intec, AUT

11:00 Plenarsession

Teil 2 der Highlights der Bioenergieforschung 2023 findet
Donnerstagnachmittag in der ERA-NET-Session statt.

= Bundesministerium
Klimaschutz, Umwelt

. . o Energie, Mobilitat,
Simultaniibersetzung SHE ‘s

nnovation und Technologie

Thursday

19.

January

Sabine Mitter,
Dept. Energy and Environmental Technologies, BMK

Host: Hannes Bauer, BMK, AUT

09:00 Opening
Sabine Mitter, BMK, AUT

Highlights of IEA Bioenergy
Dina Bacovsky, BEST, AUT

Updates from the IEA Task 40: Usage of bio-based value chains
Fabian Schipfer, TU Wien, AUT

Updates from the IEA Task 32: Biomass Combustion
Christoph Schmidl/Morten Tony Hansen, BEST, AUT

Updates from the IEA IETS Annex 11: Industrial Biorefineries
Bettina Muster-Slawitsch, AEE, AUT

11:00 Plenary session

Part 2 of Highlights of Bioenergy Research 2023 takes place on
Thursday afternoon in the ERA-NET-Session.

= Bundesministerium
Elimaschoutz, Umwalk
Energie, Mobilitat
Innavation und Technalegie

. - ) L]
Simultaneous translation == pams
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. . . Donnerstad
Veranstaltung: Auszeichnung von Biomasse-Heizwerken und 19
u

Warmenetzen durch BMK und klimaaktiv QM Heizwerke, Saal 2, 10:15 - 11:00  jsnner
10:15 Beginn

Im Rahmen der 7. Mitteleuropdischen Biomassekonferenz CEBC2023
zeichnen Frau Bundesministerin Leonore Gewessler (BMK) und
klimaaktiv QM Heizwerke osterreichische Biomasseheizwerke und Nah-
warmeprojekte aus. Die Vorzeigeprojekte entsprechen den hdochsten
technischen sowie wirtschaftlichen Effizienzkriterien und werden fiir die
Nutzung erneuerbarer Energietrdger, ihre schllissigen Gesamtkonzepte
sowie das besondere Engagement der Anlagenbetreiberlnnen pramiert.

klimaaktiv QM Heizwerke ist ein dsterreichweites Qualitdtsmanagement-
programm fiir Biomasseheizwerke und Nahwarmenetze. Die Teilnahme daran
ist fiir alle Anlagen in Osterreich verpflichtend, deren installierte thermische
Gesamtnennwadrmeleistung in Summe 400 kW bzw. deren Netzlange 1000
Trassenmeter erreicht oder lbersteigt. Das Managementsystem zielt darauf
ab, durch die begleitende Qualitatskontrolle bei Planung, Errichtung und An-
lagenbetrieb die technische Qualitdt und Effizienz der Anlagen zu steigern.

Seit 2014 leitet das AEE - Institut fiir Nachhaltige Technologien (AEE
INTEC) im Auftrag des BMK das klimaaktiv QM Heizwerke Programm.
Zentrale Bestandteile stellen neben der Begleitung und Weiterbildung
der Qualitdtsbeauftragten, Planerinnen/Planer und Betreiberinnen/Betrei-
ber auch die Weiterentwicklung des QM-Systems, die Qualitdtssicherung
sowie der Know-how-Transfer und die Vernetzung aller Stakeholder dar.

= Bundezministerium
K :In-._- :-.:l....' _.::\.a. t kllmaakuv

Innavation und Technalegin o0

Thursday
Side-Event: Award of biomass heating plants and heating networks by 19

BMK and klimaaktiv QM Heizwerke, Room 2, 10:15 - 11:00
January

10:15 Opening

In the context of the 7t Central European Biomass Confer-
ence CEBC2023, Federal Minister Leonore Gewessler (BMK) and
klimaaktiv. QM Heizwerke award Austrian biomass heating plants
and local heating projects. The showcase projects meet the
highest technical as well as economic efficiency criteria and are
awarded for the use of renewable energy sources, their coherent over-
all concepts and the special commitment of the plant operators.

klimaaktiv. QM Heizwerke is an Austrian-wide quality manage-
ment programme for biomass heating plants and local heating net-
works. Participation is mandatory for all plants in Austria with a to-
tal installed thermal capacity of 400 kW or a network length of 1000
meters or more. The aim of the management system is to increase
the technical quality and efficiency of the plants through accompa-
nying quality control during planning, construction and operation.

Since 2014, AEE - Institute for Sustainable Technologies (AEE INTEC)
has been managing the klimaaktiv QM Heizwerke program on behalf
of the BMK. In addition to the support and further training of qual-
ity officers, planners and operators, central components are the fur-
ther development of the QM system, quality assurance as well as
the transfer of know-how and the networking of all stakeholders.

= Bundesministerium

Elimaschuts, Umwalk 1 -
Energie, Mabilitat kllmaaktlv
Innavation und Technalegie oo
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Parallelblock 3 Bioenergie - ein notwendiger
Teil der Transformation unseres Energiesystems
- Potenziale und Notwendigkeiten

Saal 5, 13:30 - 15:00

Chair: Herbert Lechner, AEA Osterreichische Energieagentur, AUT
13:30 Beginn

Die mdgliche Rolle von Biotreibstoffen in einem klimaneutralen
Transportsektor in Osterreich
Gerfried Jungmeier, Joanneum Research, AUT

Die Rolle von Biotreibstoffen beim Ubergang in ein nachhaltiges
Transportsystem
Amela Ajanovic, TU Wien, AUT

Wirtschaftlichkeit und Potenziale fiir biomasse-basierte griine Gase in
Osterreich
Reinhard Haas, TU Wien, AUT

Die strategische Bedeutung von Bioenergie
Dina Bacovsky, BEST, AUT

Forderung der Produktion von Biomethan durch linderiibergreifende
Eigentumsiibertragung von Zertifikaten
Julian Auderieth, AGCS Gas Clearing and Settlement AG, AUT

15:00 Kaffeepause &t Posterprasentation

Vortragssprache Englisch Sf=

Parallel Session 3

Bioenergy - an essential part of the transition
of our energy system. Potentials and needs
Room 5, 13:30 - 15:00

Chair: Herbert Lechner, AEA Austrian Energy Agency, AUT

13:30 Opening

The possible role of biofuels in a climate neutral transportation sector
in Austria
Gerfried Jungmeier, Joanneum Research, AUT

The role of biofuels in the transition toward sustainable transport
system
Amela Ajanovic, TU Wien, AUT

On the economics and potentials of biomass-based green gases in
Austria
Reinhard Haas, TU Wien, AUT

The strategic role of bioenergy
Dina Bacovsky, BEST, AUT

Facilitating Biomethane production via cross-border ownership trans-
fer of certificates
Julian Auderieth, AGCS Gas Clearing and Settlement AG, AUT

15:00 Coffee Break €& Poster Presentation

Pl L]
I o=

Language English

Parallelblock 4

. . . Donnerstad

Treibstoffe aus Bioraffinerien
Saal 6, 13:30 - 15:00 1 9-
Janner

Chair: Tobias Proll, BOKU, AUT
13:30 Beginn

Waldrestmassen zur Herstellung von Lebensmitteln und Biotreibstoffen
Shaojun Xiong, Schwedische Universitdt fiir Agrarwissenschaften, SWE

Demonstration im LabormaBstab der Kopplung eines neuartigen
Prozesses zur Reformierung von wassriger Phase mit dem Fischer-
Tropsch Prozess

Stefan Arlt, BEST, AUT

TO-SYN-FUELS: Nachhaltige Treibstoffe aus Biomassereststoffen -
Demonstration in Langzeitversuchen
Stefan Eder, Fraunhofer UMSICHT, DEU

Nachhaltige Kraftstoffe fiir den Flug- und Schiffsverkehr durch hyd-
rothermale Verfliissigung von Zuckerrohrbagasse und Stroh: Techno-
o6konomische und 6kologische Bewertung
Raquel de Souza, Universitit Campinas, BRA

Solar-unterstiitzte hydrothermale Verfliissigung von
landwirtschaftlichen Reststoffen
Charikleia Poravou, CERTH, GRC

15:00 Kaffeepause & Posterprasentation
¢ B Vortragssprache Englisch Sf=

Parallel Session 4

. - Thursday

BtL Biorefining Processes
Saal 6, 13:30 - 15:00 1 9-
January

Chair: Tobias Proll, BOKU, AUT

13:30 Opening

Residual forest biomass for combined production of food and biofuel
Shaojun Xiong, Schwedische Universitidt fiir Agrarwissenschaften, SWE

Demonstration of the coupling of the novel aqueous phase reforming
process with the Fischer- Tropsch process at lab scale
Stefan Arlt, BEST, AUT

TO-SYN-FUELS: Sustainable fuels made from biomass residues —
demonstration on long-term operating plant
Stefan Eder, Fraunhofer UMSICHT, GER

Sustainable aviation and marine fuel from hydrothermal liquefaction
of sugarcane bagasse and straw: techno-economic and environmental
assessments

Raquel de Souza, Universitidt Campinas, BRA

Solar-aided hydrothermal liquefaction of agricultural waste
Charikleia Poravou, CERTH, GRC

15:00 Coffee Break & Poster Presentation
Language English ==
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Parallelblock 5
Bioenergie in der Praxis
Saal 8, 13:30 - 15:00

Chair: Klaus Engelmann, LK Steiermark, AUT
13:30 Beginn

QM Heizwerke unterstiitzt die nachhaltige Warmewende -
Best Practice Beispiele und Benchmarking
Sabrina Metz, AEE Intec, AUT

Aktive Rauchgaskondensation mit Absorptionswarmepumpen - Betriebs-
erfahrungen, neue technologische Konzepte und Einsparpotenziale
Harald Schrammel, Steps Ahead, AUT

Nachhaltige Energiesysteme, die das Klima retten
Tobias llg, Energiewerke llg GmbH, AUT

Klimawirkung von Biomasse-Kleinfeuerungsanlagen berechnet anhand
realer Messdaten des TFZ
Robert Mack, TFZ Bayern, DEU

MURREAL - Murtaler Reallabor - auf dem Weg zu 100 %
erneuerbaren Energien bis 2040

Josef Barnthaler, Energieagentur Obersteiermark GmbH

15:00 Kaffeepause & Posterprasentation

—
Vortragssprache Deutsch o

Parallel Session 5
Bioenergy in Practice
Saal 8, 13:30 - 15:00

Chair: Klaus Engelmann, LK STMK, AUT

13:30 Opening

+«QM Heizwerke" supports the sustainable heat transition -
Best practice, examples and benchmarking
Sabrina Metz, AEE Intec, AUT

Active flue gas condensation with absorption heat pumps - operating
experience, new technological concepts and savings potential
Harald Schrammel, Steps Ahead, AUT

The cycle of nature in the biochar-heating plant
Tobias llg, Energiewerke Ilg GmbH, AUT

Climate impact of biomass small combustion plants calculated using
real measurement data from the TFZ

Robert Mack, TFZ Bayern, GER

MURREAL - real laboratory Murtal - on the way to 100 %
renewable energy by 2040

Josef Barnthaler, Energieagentur Obersteiermark GmbH

15:00 Coffee Break & Poster Presentation

Language GErman e
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Matchmaking im beliebten Donnerstag
.Bioenergie-Heurigen™" " 9 )
Saal 14, Mittwoch, 18. bis Freitag, Janner

20. Janner 10:00 - 17.00

Wiahrend der gesamten 7. Mitteleuropdischen Biomassekonferenz
CEBC2023 haben Sie die Mdglichkeit, bei Speis und Trank gemeinsame
Geschaftsmdglichkeiten und Synergien im CEBC-Bioenergie-Heurigen zu
besprechen. Im gemiitlichen Ambiente kénnen Sie potenzielle Investorinnen
und Geschaftspartnerlnnen aus aller Welt kennenlernen. Das einmalige
Matchmaking-Event kann im Anschluss an spannende, wissenschaftliche
Vortrdge und Workshops besucht werden oder lhnen als kleine Starkung
zwischendurch dienen. Ergreifen Sie die Gelegenheit und profitieren Sie von
der internationalen Ausrichtung der Konferenz. Prost!

Matchmaking at the popular Thursday
.Bioenergy-Heurigen" '\ 9 .
Room 14, Wednesday, 18" to Friday, January

20 of January 10:00 - 17:00

Throughout the 7* Central European Biomass Conference CEBC2023,
visitors have the opportunity to discover common business opportunities
and build synergies, while enjoying a glass of wine or beer next to a
traditional taste of Austrian cuisine. In a welcoming environment you can
meet business partners and investors from all over the world. The unique
matchmaking event can be used before or after interesting scientific
lectures and workshops and thus, serves as an ideal snack in-between. Take
this opportunity and benefit from the international range of the conference.
Prost!



ERA-NET Bioenergy - Landeriibergreifende Bioenergieforschung im
Rahmen der Biookonomie: Starkung der energetischen und stofflichen
Nutzung biogener Rest- und Abfallstoffe, Saal 9, 13:30 - 15:00

LAuch Biomasse ist eine begrenzt verfiigbare Ressource.
Die Session zeigt anhand von ldnderiibergreifenden
Forschungsvorhaben auf, wie man biogene Rest- und Ab-
fallstoffe wertschépfend energetisch und stofflich nutzen
kann.”

Chair: Carina Lemke, FNR, DEU

.Biomasse ist mit einem Anteil von 53 % am gesamten
erneuerbaren Energieverbrauch der wichtigste dsterreichi-
sche erneuerbare Energiesektor. Internationaler Austausch
und gemeinsame Forschungsaktivitéiten in diesem Bereich
erméglichen industrielle Kreislaufwirtschaft und Energie-
unabhdngigkeit.”

Co-Chair: Hannes Bauer, BMK, AUT

= Bundesministerium

ERA-NET Bionergy - Transnational bioenergy research within the

framework of the bioeconomy: Strengthening the energetic and
material use of biogenic residues and waste, Room 9, 13:30 - 15:00

Biomass is also a limited resource. The session will focus
on several transnational research projects aiming at
improving the valorisation of biogenic wastes and residues
for energy and bioproducts.”

Chair: Carina Lemke, FNR, GER

.The most important Austrian renewable energy sector
is bioenergy, amounting 53% of total renewable energy
consumption. International exchange and joint research
activities in this field enable industrial circular economy
and energy independency.”

Co-Chair: Hannes Bauer, BMK, AUT

"= Federal Ministry
Republic of Austria
Climate Action, Environment,
Energy, Mobility,
Innovation and Technology

Language English

Donnerstad

19.

Janner

Teil Il der Highlights der Bioenergieforschung findet in dieser
ERA-NET-Session statt.

13:30: BegriiBung

ERA-NET Bioenergy: Wie Bioenergieforschung an einem Strang ziehen
kann
Carina Lemke, FNR Fachagentur Nachwachsende Rohstoffe, DEU

BioHEAT - Entwicklung einer auf giinstigen biogenen Reststoffen
basierenden Prozesskette fiir die Bereitstellung von Warme fiir
industrielle Anwendungen

Matthias Kuba, BEST, AUT

VARESI - Valorisierung industrieller Reststoffe fiir eine nachhaltige
Industrie
Wolfgang Gabauer, BOKU, AUT

Up-Whey - Vorgelagerte Verarbeitung von Lactosemolke fiir die
Produktion von Chemiegrundstoffen und Energie
Michael Mandl, tbw research, AUT

PUMA - Rentable 2G-Bioethanolanlagen - Parallele Nutzung von
fraktioniertem Lignin in mehreren Anwendungen
Ulla Lassi, Bisy - Biology for Synthesis, AUT

16:00 Ende

alogie Vortragssprache Englisch Sf2

Thursday

19.

January

Part Il of Highlights of Bioenergy Research takes place in this
ERA-NET-Session

13:30 Opening

ERA-NET Bioenergy: Pulling bioenergy research together
Carina Lemke, FNR Fachagentur Nachwachsende Rohstoffe, GER

BioHEAT - Development of a process chain based on opportunity fuels
for heat production in industrial processes
Matthias Kuba, BEST, AUT

VARESI - Valorisation of industrial residues for a sustainable industry
Wolfgang Gabauer, BOKU, AUT

Up-Whey - Upstream processing of lactose whey for bulk chemicals and
energy production
Michael Mandl, tbw research, AUT

PUMA - Profitable 2G-bioethanol plants - Parallel Use of Fractionated
Lignin in Multiple Applications
Ulla Lassi, Bisy - Biology for Synthesis, AUT

15:00 End

v
i
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Parallelblock 6

Emissionsarme und effiziente Verbrennung
und Festbettvergasung

Saal 5, 15:30 - 17:00

Chair: Marco Baratieri, Freie Universitdit Bozen, ITA
15:30 Beginn

Ofenfiihrerschein — Emissionsminderung durch Schulung des
Betreibers eines Kaminofens
Claudia Schon, TFZ Straubing, DEU

Vergasung von Altholzfraktionen in einem Schwebefestbett Reaktor
Michael Kresta, DBFZ, DEU

Steigerung der Effizienz von Biomassefeuerungsanlagen mit Hilfe
einer modularen CO-Lambda Optimierung: Methoden und Ergebnisse
aus Langzeitversuchen

Christopher Zemann, TU Graz, AUT

Wirtschaftlichkeit von lokalen Biomasseheizwerken am Beispiel
Osterreichs
Bernhard Mahlberg, IWI Industriewissenschaftliches Institut, AUT

Vergaser kleiner Leistung fiir den landwirtschaftlichen Bereich:
Optimierung von Gaserzeuger und Motorprototyp
Valerio Magalotti, Yanmar R&D Europe S.r.l., ITA

17:00 Ende

Vortragssprache Englisch S¥=

Parallel Session 6

Clean and efficient combustion and fixed bed
gasification

Room 5, 15:30 - 17:00

Chair: Marco Baratieri, Free University of Bolzano, ITA
15:30 Opening

Operating license for stoves - emission reduction by training the
operator of a stove
Claudia Schon, TFZ Straubing, GER

Gasification of waste wood assortments in a floating fixed bed
reactor
Michael Kresta, DBFZ, GER

Efficiency increase of biomass combustion systems by a modular CO-
lambda optimization: method and results from long-term verification
Christopher Zemann, TU Graz, AUT

Cost efficiency of local biomass heating plants: The case of Austria
Bernhard Mahlberg, /W Industriewissenschaftliches Institut, AUT

Small scale agri-gasification: gasifier plus engine prototype optimiza-
tion
Valerio Magalotti, Yanmar RE&D Europe S.r.l., ITA

17:00 End

Language English ==
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Parallelblock 7 Donnerstag

Politik und Markte ,‘ 9

Saal 6, 15:30 - 17:00 -
Janner

Chair: Hubert Roder, Wissenschaftszentrum Straubing, DEU
15:30 Beginn

Bioenergie: aus Erfahrungen lernen - Riickblick, Status, Ausblick
Manfred Worgetter, Senior Consultant, AUT

Marktentwicklungsunterstiitzung fiir intermediire Bioenergietrager -
Ergebnisse des MUSIC Projekts

Rainer Janssen, WIP Renewable Energies, DEU

Thermische Veredelung durch Torrefizierung / Karbonisierung,
ein Update der Angebots- und Nachfragesektoren

Michael Wild, International Biomass Torrefaction Council (IBTC), BEL
Aktuelle und zukiinftige weltweite Produktionskapazitaten zur
Herstellung von fortschrittlichen Biotreibstoffen

Andrea Sonnleitner, BEST, AUT

Bioenergie im Green Deal

Jean-Marc Jossart, Bioenergy Europe, BEL

17:00 Ende

Vortragssprache Englisch S¥=

Parallel Session 7

. Thursday

Politics and Markets
Room 6, 15:30 - 17:00 1 9-
January

Chair: Hubert Roder, HSWT/TUM Campus Straubing, GER
15:30 Opening

Bioenergy: Lessons learned - historical review, status quo, outlook
Manfred Worgetter, Senior Consultant, AUT

Market uptake support for intermediate bioenergy carriers -
MUSIC project results

Rainer Janssen, WIP Renewable Energies, GER

Thermal upgrading by Torrefaction/Carbonization,

a supply and demand side sector update

Michael Wild, International Biomass Torrefaction Council (IBTC), BEL

Production capacity and outlook for advanced biofuels worldwide
Andrea Sonnleitner, BEST, AUT

Bioenergy in the Green Deal
Jean-Marc Jossart, Bioenergy Europe, BEL

17:00 End

Language English ==



Parallelblock 8
Griines Gas aus Bioraffinerien

Saal 8, 15:30 - 17:00

Chair: Hermann Hofbauer, TU Wien, AUT
15:30 Beginn

Einsatz von Biomasse zur Herstellung von hochreinem Wasserstoff
mittels Chemical Looping
Bernd Stoppacher, TU Graz, AUT

Veredelung des Produktgases aus einem kleinen Biomasse Luftver-
gaser: Erhhung der Wasserstoffausbeute mithilfe eines Koksbett-
Reaktors

Francesco Patuzzi, Freie Universitdt Bozen, ITA

Erste Ergebnisse der Massen- und Energiebilanzierung fiir eine fort-
schrittliche 1 MW Zweibettwirbelschicht-Dampf-Gaserzeugungs-
Demonstrationsanlage

David Kadlez, TU Wien, AUT

Zweibettwirbelschicht-Dampf-Gaserzeugung aus Plastik Rejecten:
Teerbildung in einer Pilotanlage mit Gegenstromkolonne und
flexiblem Brennstoffeinsatz

Miriam Huber, BEST, AUT

ReGas 4 Industry - Gase aus erneuerbaren Reststoffen fiir die Industrie
Florian Benedikt, TU Wien, AUT

17:00 Ende Vortragssprache Englisch :+:

Parallel Session 8
Green gas biorefining processes
Room 8, 15:30 - 17:00

Chair: Hermann Hofbauer, TU Wien, AUT
15:30 Opening

Utilization of biomass for high-purity hydrogen production with
chemical looping
Bernd Stoppacher, TU Graz, AUT

Upgrading of producer gas from small scale biomass air gasification:
hydrogen yield enhancement over a char bed reactor
Francesco Patuzzi, Free University of Bolzano, , ITA

First results of mass and energy balances of a 1 MW advanced dual
fluidized bed steam gasification demonstration plant
David Kadlez, TU Wien, AUT

Dual fluidized bed steam gasification of plastic rejects: Behavior of
tar formation in a pilot plant with a counter-current column and
flexible fuel input

Miriam Huber, BEST, AUT

ReGas 4 Industry - Gases from renewable residual sources for industry
Florian Benedikt, TU Wien, AUT

17:00 End

Language English k=

Parallelblock 9

Donnerstad
Negative Emissionstechnologien 9
auf Basis von Biomasse 1 =
Saal 9, 15:30 - 17:00 Yanner

Chair: Tobias Proll, BOKU, AUT
15:30 Beginn

Energie- und Massebilanzen biomassebasierter Negative-Emissions-
Technologien
Tobias Préll, BOKU, Wien, AUT

Uberblick iiber den neuen Kommissionsvorschlag zur EU-Zertifizierung
des Kohlenstoffabbaus und néchste Schritte im Gesetzgebungsverfahren
Manolis Karampinis, Bioenergy Europe, BEL

Erkenntnisse aus der BECCS-Pilotanlage von Stockholm Exergi
Fabian Levihn, SWE

Mégliche CO,-Abscheidetechnologien fiir Biomassekraftwerke und
Miillverbrennungsanlagen
Gerhard Schoény, Bertsch Energy, AUT

CO2-Abscheidungsmaglichkeiten aus Biomasse- und
Abfallverbrennungsanlagen
Stefan Penthor, Wien Energie, AUT*

Technisches Speicherpotenzial fiir biogenes CO, in den geologischen
Strukturen Osterreichs
Holger Ott, MU Leoben, SWE

*angefragt

Vortragssprache Englisch Sf&
17:00 Ende

Parallel Session 9

Thursday
Biomass-based negative emission ,‘ 9
technologies -
Room 9, 15:30 - 17:00 January

Chair: Tobias Proll, BOKU, AUT
15:30 Opening

Energy and mass balances of biomass-based negative emission
technologies
Tobias Proll, BOKU, Wien, AUT

Overview on the new Commission Proposal on the EU certification
for carbon removals and next steps in the legislative process
Manolis Karampinis, Bioenergy Europe, BEL

Negative CO2 Emission Deployment at Stockholm Exergi
Fabian Levihn, Stockholm Exergi, SWE

CO, capture technology for biomass and waste combustion CHP units
Gerhard Schoény, Bertsch Energy, AUT

CO, capture options from biomass and waste combustion plants
Stefan Penthor, Wien Energie, AUT*

Technical storage potential for biogenic CO2 in the geological
structures of Austria
Holger Ott, MU Leoben, SWE “requested
17:00 End
Language English ==
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FRANZOSENGRABEN 7
1030 WIEN

+43 1 907 38 70
office@icb-group.org
www.icb-group.org

Our know-how in planning,
expansion and optimization of biomass heating
plants makes us a competent project partner.

Individual problems can be solved thanks to our
many years of expertise in the implementation
of district heating / district cooling networks
and the integration of exhaust gas cleaning and
heat recovery systems.

Linking a wide variety of planning disciplines
allows us to work on a CO,-neutral future
- for and with our customers.

ENGINEER% THE FUTURE



70‘ WINTERTAGUNG 2023

WINTER FACHTAG WALDWIRTSCHAFT
TAGUNG

17.Janner bis 26. Jinner

PROGRAMM

Block I: Zukunft der Waldwirtschaft - Welche Rolle
spielt die Kreislaufwirtschaft?

09.00 Eroffnung und BegrtiBung
09.10 Européaische Perspektive fur die Branche Waldwirtschaft
09.25 Die Rolle der Leistungsfahigkeit der européischen Walder fur
eine resiliente EU
09.40 Kreislaufwirtschaftsstrategie — Bedeutung fUr die \Waldwirtschaft
09.55 Biodkonomie und Kreislaufwirtschaft aus Sicht der Wald-
und Holzpolitik

Block Il: Kreislaufe in der Waldwirtschaft schlieRen

11.00 Materialkreislauf - Anspriiche an den Rohstoff Holz
11.25 Kohlenstoffkreislauf - Was Biodkonomie leisten kann
11.50 Energiekreislauf - Raus aus der Abhangigkeit
12.15 Podiums- und Publikumsdiskussion:
Osterreichs Weg zu mehr Biodkonomie durch aktive
Waldbewirtschaftung

Freitag, 20. Janner
Messe Graz
Messeplatz 1

8010 Graz

Kostenlos fiir

Teilnehmerinnen
der CEBC!

weitere Infos &
Anmeldung:

wintertagung.at

Biomass —Energy for the future.
We supply the technology.

JENZ Osterreich GmbH - Kasten 203 - A-3072 Kasten
Tel.: +43(0) 2744 /7819 - www.jenz.at - info@jenz.at




Parallelblock 10

Abfallbasierte Bioraffinerietechnologien fiir die
Beschleunigung der Einfiihrung und Umsetzung nach-
haltiger Energieprozesse - Spezielle Session von WIRE -
Cost Action 20127, Saal 6, 09:00 - 10:30

Chair: Katharina Fiirsatz, BEST, AUT

09:00 Beginn

Biomasse als nachhaltiger und erneuerbarer Rohstoff fiir eine griinere
Zukunft
Rui Galhano dos Santos, C5Lab, CERENA, IST-Ulisboa, POR

Energetisches Nutzungspotential von auf schwermetallbelasteten
Boden kultiviertem Schilf
Leandro Gomes, NOVA School of Science and Technology, POR

Ein vereinfachtes kinetisches Modell fiir Pyrolyse und Vergasung von
Biomasse: Status, Herausforderungen und Perspektiven
Alessio Frassoldati, Politecnico Milano, ITA

Biomethan aus wildem Zuckerrohr (Saccharum spontaneum L. ssp. Aegyptiacum)
kultiviert auf schermetallbelasteten Boden
Barbara Rachele Ciaramella, Universitit Catania, ITA

Integration von Bioraffinerien in eine Biomasseanlage fiir die CO2-
freie Bereitstellung von Bioenergie
Charalambo Chasos, Frederick Universitdt Zypern, CYP

10:30 Kaffeepause . -
Vortragssprache Englisch ==

Parallel Session 10

Waste biorefinery technologies for accelerating
sustainable energy processes - Special session of WIRE -
CA20127, Room 6, 09:00 - 10:30

Chair: Katharina Fiirsatz, BEST, AUT
09:00 Opening

Biomass as a sustainable and renewable raw material for a greener
future
Rui Galhano dos Santos, C5Lab, CERENA, IST-Ulisboa, POR

Valorization potential for energy of Arundo donax biomass cultivated
in heavy metal contaminated soils
Leandro Gomes, NOVA School of Science and Technology, POR

A semi-detailed kinetic model for biomass pyrolysis and gasification:
status, challenges and perspectives
Alessio Frassoldati, Politecnico Milano, ITA

Biomethane production from African fodder cane biomass cultivated
in heavy metal contaminated soils
Barbara Rachele Ciaramella, Universitdt Catania, ITA

Biorefinery technologies integration in a biomass unit for bioenergy
production and zero-carbon emissions
Charalambo Chasos, Frederick Universitdt Zypern, CYP

10:30 Coffee Break &t Poster Presentation
Language English =f=

Parallelblock 11

Freitag
Digitale Methoden und Werkzeuge 20
Saal 7, 09:00 - 10:30 -

Janner

Chair: Markus Gélles, BEST, AUT

09:00 Beginn

Mehrskalen-Modellentwicklung fiir biomasse-basierte Chemical
Looping Prozesse

Thomas Steiner, BEST, AUT

Einsatz flexibler Werkzeuge fiir energieintensive Industrien
Nikolaos Margaritis, CPERI & CERTH, GRC

Optimierung des Nutzens von biomasse-basierten hybriden Anlagen
im Zusammenhang mit zelluldren Systemen

Lukas Richter, DBFZ, DEU

Entwicklung eines digitalen Zwillings fiir eine SNG-Pilotanlage
Stefan Jankovic, TU Wien, AUT

Betriebsoptimierung und Fehlererkennung in Biomassekesseln durch
modell-basiertes Monitoring: Methoden und praktische Anwendung
Christopher Zemann, BEST & TU Graz, AUT

10:30 Kaffeepause

Vortragssprache Englisch S¥=

Parallel Session 11

Friday
Digital Methods and Tools 20
Room 7, 09:00 - 10:30 -

January

Chair: Markus Gadlles, BEST, AUT
09:00 Opening

Development of multi-scale models of biomass based chemical loop-
ing processes
Thomas Steiner, BEST, AUT

Application of flexible tools in energy intensive industries
Nikolaos Margaritis, CPERI & CERTH, GRC

Optimizing the value of solid biomass-based (hybrid) systems in the
context of the cellular approach
Lukas Richter, DBFZ, GER

Design of a digital twin for a pilot plant for synthetic natural gas
production
Stefan Jankovic, TU Wien, AUT

Operational optimization and error detection in biomass boilers by
model-based monitoring: methods and practice
Christopher Zemann, BEST & TU Graz, AUT

10:30 Coffee Break &t Poster Presentation

P L

Language English =p=
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Workshop: Thermische Veredelung von Biomasse
durch Torrefizierung und Karbonisierung
Saal 8, 09:00 - 10:30

Chair: Michael Wild, Wild&Partner, IBTC, BEL

In seinem Workshop werden einige der erfolgreich umgesetzten Torrefizie-
rungsinitiativen vorgestellt und die Entwicklung vom reinen Brennstoffpro-
dukt zum metallurgischen Prozessinput und héherwertigen Produkten aus
karbonisierterBiomassediskutiert. AufdieeinfiihrendenPrasentationenfolgt
eine Podiumsdiskussion, die auch das Publikum einladt, sich zu beteiligen.

Uber die IBTC: Torrefizierte Biomasse ist einer der fortschrittlichs-
ten festen Biobrennstoffe mit dem Potenzial, ein standardisiertes Gut
und eine greifbare Alternative zu fossilen Brennstoffen auf globaler
Ebene zu werden. IBTC wurde gegriindet, um die Verwendung von tor-
refizierter Biomasse zu fordern und die Entwicklung seiner Indust-
rie auf der Grundlage fairer Geschaftsbedingungen zu unterstiitzen.
IBTC setzt sich dafiir ein, die Verwendung von torrefizierter Biomasse
als effizienten Energietrager zu férdern, der den globalen Ubergang zu
einem CO2-neutralen Energiesystem bis 2050 beschleunigen kann.
biomasstorrefaction.org

-\l' INTERNATIONAL BIOMASS
’ \ TORREFACTION COUNCIL

M NextFuel
POLYTEC

Biomass Energy

Workshop: Thermal upgrading of
Biomass by Torrefaction and Carbonization
Room 8, 09:00 - 10:30

Chair: Michael Wild, Wild&Partner, IBTC, BEL

In this workshop some of the successfully implemented torrefaction ini-
tiatives will be presented and the development from pure fuel product to
metallurgical process input and higher value products from carbonized
biomass will be discussed. The introductory presentations will be followed
by a panel discussion, which also invites the audience to participate.

About the IBTC:

Torrefied biomass is one of the most advanced solid biofuels and the only
viable source of renewable solid carbon, with the potential to become a
standardised commodity and a tangible alternative to fossil fuels and fossil
carbon on all levels at a global scale. The IBTC sees sustainably produced
torrefied biomass efficiently replacing fossil coal in all industries and ap-
plications and sequestring atmospheric carbon permanent into the soil by
this speeding up the global transition towards a carbon-neutral economy
and the limitation of CO2 in the atmosphere.

biomasstorrefaction.org

_\l'- INTERNATIONAL BIOMASS
& TORREFACTION COUNCIL

M NextFuel

POLYTEC

Biomass Energy

264

Freitagd

20.

Janner

Vortragssprache Englisch :+:.

09:00 Er6ffnung

Internationaler Biomasse-Torrefizierungs und Karbonisierungs Rat
(IBTC) - neue Entwicklungen
Michael Wild, Wild&Partner & IBTC, BEL

Green Coal — neue Karbonisierungstechnologien
Lukas Schirnhofer, Polytechnik, AUT

Abseits vom Holz: Alternative Biomasse zur Torrefizierung
Wolfgang Moser, NextFuel, SWE/AUT

Okologisch nachhaltige Bindemittel — Warum Bindemittel kein
notwendiges Ubel, sondern Tiiréffner zu mehr Effizienz und
Potenzialen sind

Carsten Mergelmeyer, C&D, GER

10:00 Podiumsdiskussion

10:30 Ende

AuBenaufnahme der Anlage Green Carbon mit den in BIG BAGs
abgefiilltem carbonisierten Material ®Polytechnik

Language English 2 Friday
20.
January

09:00 Opening

International Biomass Torrefection and Carbonisation Council (IBTC)
- new developments
Michael Wild, Wildé&pPartner, IBTC, BEL

Green Coal — new carbonization technologies
Lukas Schirnhofer, Polytechnik, AUT

Non-woody biomass: Pushing towards alternative feedstock for
torrefaction

Wolfgang Moser, NextFuel, SWE/AUT

Natural Based Binders - Why binders are not a necessary evil, but
rather a performance enhancer that also opens new doors

Carsten Mergelmeyer, C&D, GER

10:00 Panel discussion

10:30 End

Exterior photo of the Green Carbon plant with the carbonized material
filled in BIG BAG:s filled carbonized material ©Polytechnik



WS: Nahwirmeverbund 4.0
Saal 9, 09:00 - 12:30

ACR-Institute sind ausgelagerte Forschungsabtei-
lungen fiir KMU, die gleichzeitig Unterstiitzung bei
alltdglichen Problemen bieten."

Chair: Richard Zweiler, GET, AUT

ACR (Austrian Cooperative Research) als gréBte FEtE-Organisation Oster-
reichs flir angewandte Forschung unterstiitzt kleine und mittlere Unter-
nehmen im Sinne einer externen F&E-Abteilung.

Die ACR-Institute AEE - Institut fir Nachhaltige Technologien (AEE IN-
TEC), Giissing Energietechnologien (GET), Industriewissenschaftliches
Institut (IWI) und der Osterreichische Kachelofenverband (KOV) haben
eine gemeinsame Plattform mit dem Namen ,Nahwarmeverbund 4.0" ins
Leben gerufen. Sie entwickelten eine Reihe von Tools zur Optimierung von
Nah- und Fernwdrmeanlagen. Zur Unterstiitzung der Betreiber werden die
Ergebnisse der Analysen ausgewdhlter Anlagen sowie des FE&E-Portfolios
prasentiert.

WS: District heating network 4.0
Room 9, 09:00 - 12:30

JACR institutes are outsourced research depart-
ments for SMEs, which at the same time offer
support for day-to-day problems."”

Chair: Richard Zweiler, GET, AUT

ACR (Austrian Cooperative Research) as the largest RE&D organization in
Austria for applied science supports small- and medium enterprises in
terms of an external R&D department.

The ACR-institutes AEE - Institute for Sustainable Technologies (AEE IN-
TEC), Gussing Energy Technologies (GET), Institute for Industrial Research
(IWI) and the Austrian Tiled Stove Association (KOV) have started a joint
platform called “"Nahwarmeverbund 4.0", wherein they developed a series
of tools for optimization of district heating plants. The outcomes of the
analysis of selected district heating systems as well as the R&D-portfolio
will be presented to support district heating operators.

Freitag

20.

Chair: Richard Zweiler, GET, AUT J'érmef

09:00 Beginn

Vorstellung des Nahwarmeverbunds 4.0
Klaus Paar, GET, AUT

Benchmarking von Biomasse-Heizwerken
Christian Ramerstorfer, AEE, AUT & Bernhard Mahlberg /Wi, AUT

Aktuelle Herausforderungen aus Betreibersicht
Anton Taschner, Bio Fernwdrme Sieggraben eGen & Heizwerkeverband
Burgenland, AUT

Forderungen fiir Biomasse-Nahwirme
Christof Horvath, KPC, AUT

World-Cafe zu den Fragen der aktuellen Herausforderungen fiir Bio-
masse-Heizwerke, kurzfristige Losungen der Probleme und bendtigte
Unterstiitzung durch Externe

Gastgeber der Tische des World-Cafe: AEE, GET, IWI

Zusammenfassung der Workshop-Resultate und Abschluss
Richard Zweiler, GET, AUT

12:30 Mittagspause &t Posterprisentation

Vortragssprache Deutsch ooges

Friday

20.

January
Chair: Richard Zweiler, GET, AUT

09:00 Opening

Presentation of the local heating network 4.0
Klaus Paar, GET, AUT

Benchmarking of biomass heating plants
Christian Ramerstorfer (AEE) & Bernhard Mahlberg (IWI), AUT

Current challenges from the operator's point of view
Anton Taschner, Bio Fernwdrme Sieggraben eGen & Heizwerkeverband
Burgenland, AUT

Subsidies for biomass local heating
Christof Horvath, KPC, AUT

World Cafe on the questions of the current challenges for biomass
heating plants, short-term solutions to the problems and required
external support

Gastgeber der Tische des World-Cafe: AEE, GET, IWI

Summary of workshop results and conclusion
Richard Zweiler, GET, AUT

12:30 Lunch break & poster presentation

Language German ‘poees
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Parallelblock 12
Biomasse Brennstoff und Aschecharakterisierung
Saal 6, 11:00 - 12:30

Chair: Hans Hartmann, TFZ Straubing, DEU
11:00 Beginn

Charakterisierung von Altholz fiir den Einsatz in der Vergasung im
Schwebebettverfahren
Anna Szepannek, MCl Management Center Innsbruck, AUT

Erfiillen recycelte Holzsortimente immer die Kriterien fiir die
Verbrennung?
Martin Weigl-Kuska, Holzforschung Austria, AUT

Monitoring der Qualitdt von eingesetzten Hackgutsortimenten
Josef Rathbauer, HBLFA Francisco Josephinum - BLT Wieselburg, AUT

Exakte Bestimmung des anwendungskritischen Parameters Cr(VI) in
den Aschen von Biomasseheizwerken
Michael Ecker-Eckhofen, BEST, AUT

Genauere und raschere Bestimmung von Parametern mit Auswirkung
auf den Heizwert von festen Brennstoffen
Anne Mette Frey, DTl Dédnisches Technologieinstitut, DNK

12:30 Mittagspause & Posterprisentation

Vortragssprache Englisch S¥=

Parallel Session 12
Biomass fuel and ash characterization
Room 6, 11:00 - 12:30

Chair: Hans Hartmann, TFZ Straubing, GER
11:00 Opening

Characterisation of waste wood for the use in floating fixed bed
gasification
Anna Szepannek, MCI Management Center Innsbruck, AUT

Do recovered wood streams always fulfill criteria for combustion?
Martin Weigl-Kuska, Holzforschung Austria, AUT

Quality monitoring of practical wood chips samples
Josef Rathbauer, HBLFA Francisco Josephinum - BLT Wieselburg, AUT

Accurate determination of the application critical parameter Cr(VI)
in Biomass Ash
Michael Ecker-Eckhofen, BEST, AUT

Towards a more accurate and fast determination of parameters im-
pacting the calorific value of solid biofuels
Anne Mette Frey, DT/ Dénisches Technologieinstitut, DNK

12:30 Lunch Break & Poster Presentation

Language English =§=
266

Parallelblock 13

Freitag
Flexible Bioenergie und biomasse- 0
basierte hybride Energiesysteme 2 "

Janner

Saal 7, 11:00 - 12:30
Chair: Daniela Thran, UFZ Helmholtz-Zentrum fiir Umweltforschung, DEU

11:00 Beginn

Uberblick iiber flexible Bioenergieldsungen und deren Implementierung
Daniela Thran, UFZ Helmholtz-Zentrum fiir Umweltforschung, DEU

Erh6hung der Brennstoffflexibilitdt von Biomassefeuerungen durch
Online-Sensoren
Jiirgen Qischinger, Fraunhofer UMSICHT, DEU

Erhdhung der Flexibilitdt von Biomasse-Festbettvergasern durch modell-
basierte Regelungsstrategien: Methoden und praktische Verifizierung
Clemens Hollenstein, TU Graz & BEST, AUT

Losungen und Elemente zur Flexibilisierung biomasse-basierter Nah-
und Fernwarmenetze
Joachim Kelz, AEE - Institut fiir Nachhaltige Technologien, AUT

Pradiktive Regelung von Biomasse- und Biogas-KWKs an der Schnitt-
stelle zwischen Strom- und Warmenetzen - Verbesserung der Par-
tizipation am Strommarkt durch Optimierung und Management der
Nachfrageseite

Daniel Muschick, BEST, AUT

12:30 Mittagspause &t Posterprésentation
Vortragssprache Englisch Sf=

. Friday

Parallel Session 13 20
Flexible bioenergy and biomass-based -
January

hybrid energy systems
Room 7, 11:00 - 12:30
Chair: Daniela Thran, UFZ Helmholtz-Zentrum fiir Umweltforschung, GER

11:00 Opening

Overview on flexible bioenergy options and implementation
Daniela Thran, UFZ Helmholtz-Zentrum fiir Umweltforschung, GER

Increasing the fuel flexibility of biomass firing systems through
online sensors
Jiirgen Qischinger, Fraunhofer UMSICHT, GER

Increasing the flexibility of a fixed-bed biomass gasifier through
model-based control strategies: method and practical verification
Clemens Hollenstein, TU Graz & BEST, AUT

Solutions and elements for the flexibilization of biomass-based
district heating grids
Joachim Kelz, AEE - Institut fiir Nachhaltige Technologien, AUT

Predictive control of biomass and biogas-based CHPs at the intersec-
tion between the electricity grid and heating networks — Improving
electricity market participation through optimization and demand side
management

Daniel Muschick, BEST, AUT

12:30 Lunch Break & Poster Presentation

Language English =f=



Workshop: Biokohle, Saal 8, 11:00 - 15:00
Biokohle - Der Wertstoff im Werkstoff

.Biokohle ist mehr als nur eine Kohlenstoffsenke.
Biokohle-Kompositwerkstoffe liefern einen wesent-
lichen Beitrag zur Erreichung von Klimazielen, kén-
nen die Produktqualitit verbessern und gleichzeitig
Gkonomisch sinnvoll sein.”

Chair: Stefan Martini, BEST, AUT

Die Diversitat der Biokohlen ist aufgrund der Ausgangsmaterialien und Her-
stellverfahren immens groB. Durch entsprechende Nachbereitungsprozesse
kann diese noch erweitert werden. Diese Bandbreite und Flexibilitdt kann in
sogenannten Komposit-Werkstoffen genutzt werden, um maBgeschneider-
te Materialeigenschaften zu erzielen. Neben der Substitution von fossilen
Kohlenstoffen, welche heute in zahlreichen Industrieprozessen (noch) nicht
wegzudenken sind (Aufkohlung von Stahl- und Guss-Werkstoffen, che-
mische Industrie, etc.) kann biogener Kohlenstoff durch seine vielseitigen
Erscheinungsformen auch neue Moglichkeiten erdffnen. Im Workshop
wird die Nutzung von Biokohle als Werkstoff-Komponente anhand ak-
tueller Projekte z.B. im Bereich Kunststoff und Beton aufgezeigt. Es
wird die Mdglichkeit geschaffen, mit Experten, auf sowohl der Herstel-
ler- als auch der Anwenderseite, die Potentiale der Biokohle als Wert-
stoff, die notwendigen Schritte zu deren weiterer ErschlieBung, aber auch
Fehlentwicklungen zu diskutieren.

Workshop: Biochar, Room 8, 11:00 - 15:00
Biochar - a valuable additive for advanced materials

«Biochar is more than just a carbon sink - biochar
composite materials make a significant contribu-
tion to achieving the climate goals, can improve
product quality and at the same time be economi-
cally sensible.”

Chair: Stefan Martini, BEST, AUT

Biochar convinces with its high level of diversity due to its origin and pro-
duction process. The wide range of properties can even be expanded by
appropriate post-processing steps. This flexibility can be used in so-called
composite materials to achieve tailor-made material properties. In addi-
tion to the substitution of fossil carbon, which today is (still) indispensable
in numerous industrial processes (carburizing of steel and cast materials,
chemical industry, etc.), biogenic carbon can also open up new possibilities
due to its diverse nature. In the workshop, possible applications of biochar
as a material component will be presented on the example of current proj-
ects in the fields of plastic and concrete industry. The potential of biochar
as a carbon-source in the material manufacturing industry, the necessary
steps for its further development and undesirable developments, will be
discussed with experts of the manufacturer and the user side.

Vortragssprache Englisch Sf= Freitag

20.

11:00 Er6ffnung und Workshop-Einfiihrung Janner
Stefan Martini, BEST, DEU

Biokohle - Eigenschaften als Werkstoffkomponente
Marco Baratieri, Freie Universitiit Bozen, ITA

Erfahrungen in Polymerkomposit-Herstellung mit Biokohle
Andrea Brunetin, NADIR, ITA

Dielektrische Eigenschaften von Biokohlen, Biokohle-Polymer-Kompo-
siten und mdgliche Anwendungen
Oliver Pischler, TU Graz, IHS, AUT

Diskussion

Vorstellung des Green Carbon Lab
Elisabeth Wopienka, BEST, AUT
12:30 Mittagspause

Projektvorstellung Alps4greenC - Umsetzungswege fiir die
nachhaltige Produktion von griinem Kohlenstoff
Konstantin Moser, BEST, AUT

Griiner Beton - vom Klimakiller zum Klimaretter
Axel Preu3, CarStorCon Technologies, DEU

Elektrisch leitfahige Biokomposite auf der Basis von PHBV und aus
Holz gewonnenen Kohlenstoff-Fiillstoffen
Christoph Unterweger, Wood K plus, AUT

Griiner Kohlenstoff als Tragermaterial in Brennstoffzellen
Minoj Gnanaseelan*, FILK Freiberg Institute, DEU

15:00 Ende
*angefragt

@ BEST Language English =42

Bioenergy and
Sustainable Technologies

11:00 Welcome and Workshop-Introduction
Stefan Martini, BEST, GER

Biochar and its properties as a component in composite materials
Marco Baratieri, Free University of Bolzano, ITA

Experiences in biochar-polymer composite production
Andrea Brunetin, NADIR, ITA

Dielectric properties of biochar, biochar-polymer composites and pos-
sible applications
Oliver Pischler, Graz University of Technology, IHS, AUT

Discussion

Introduction Green Carbon Lab
Elisabeth Wopienka, BEST, AUT

12:30 Mittagspause

Project presentation Alps4greenC - Implementation pathways for
sustainable Green Carbon production
Konstantin Moser, BEST, AUT

Green concrete — from climate killer to climate saver
Axel Preu3, CarStorCon Technologies, GER

Electrically Conductive Biocomposites Based on PHBV and
Wood-Derived Carbon Fillers
Christoph Unterweger, Wood K plus, AUT

Fuel cell membrane electrode assembly with green carbon support
Minoj Gnanaseelan*, FILK Freiberg Institute, GER

15:00 End
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Workshop: Digitale Technologien in der Land- und
Forstwirtschaft - Aktueller Stand und Ausblick

Saal 9, 13:30 - 15:00

.Die Digitalisierung ist in aller Munde. Welche Anwendun-
gen sind in der Praxis angekommen? Bei diesem Workshop
wird versucht, darauf Antwort zu geben.”

Chair: Josef _Rathbauer. HBLFA Francisco Josephinum, BLT
Wieselburg, Osterreich

Die Digitalisierung spielt mittlerweile in allen Bereichen unseres Lebens
eine Rolle. Ganz selbstverstandlich wird das Smartphone fiir die Kommuni-
kation, das Recherchieren und viele andere Anwendungen eingesetzt.

In der Land- und Forstwirtschaft sind digitale Technologien in verschiede-
nen Bereichen im Einsatz. So gibt es mittlerweile ausgekliigelte Systeme
(Farmmanagementsysteme), die Daten der Bewirtschaftung von agrari-
schen Flachen und in der Tierhaltung aufnehmen und zur Dokumentation,
zur dkonomischen Beurteilung und als Basis fiir das Management verfiig-
bar machen. Weitere Anwendungen sind die teilflichenspezifische Bewirt-
schaftung, die Abschadtzung von Biomasseertrdgen und der koordinierte
Einsatz von Maschinen und Geréten.

Workshop: Digital technologies in agriculture and

forestry - current status and outlook
Room 9, 13:30 - 15:00

«Everyone is talking about digitalization. Which applica-
tions have arrived in practice? This workshop will attempt
to provide an answer to that.”

Chair: Josef Rathbauer, HBLFA Francisco Josephinum, BLT
Wieselburg, AUT

Digitalization is omnipresent in all areas of our lives. Smartphones are used
totally naturally for communication, research and many other applications.
In agriculture and forestry, digital technologies are used in vari-
ous areas. Meanwhile there exist sophisticated systems (farm man-
agement systems) which process data from the cultivation of
agricultural land and animal husbandry to make it available for docu-
mentation, for economic assessment and as a basis for management.
Other applications are section-specific farming, estimation of biomass
yields and the coordinated use of machines and equipment.
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Freitag

20.

Janner

13:30 Erdffnung durch Josef Rathbauer

Was leisten moderne Farmmanagement- und Informationssysteme?
Reinhard Streimelweger, Knotenmanager Wieselburg - Haus der Digitali-
sierung, AUT

Feldmanagement und Logistik: Wie man von Satellitendaten und
digitalen Werkzeugen profitieren kann
Johann Prankl und Andreas Prankl, Farmdok GmbH

Digitale Tools fiir die standortangepasste Diingung
Lukas Handl, Josephinum Research, AUT

Artificial Intelligence (Al) in der Landwirtschaft: Herausforderungen,
Vorteile und Anwendungsbeispiele
Peter Riegler-Nurscher, Josephinum Researchr, AUT

15:00 Ende

Vortragssprache Deutsch ggess

Friday

20.

January

13:30 Opening by Josef Rathbauer

What can modern farm management and information systems offer?
Reinhard Streimelweger, Knotenmanager Wieselburg — Haus der Digital-
isierung, AUT

Field management and logistics: How to benefit from satellite data
and digital tools
Johann Prankl und Andreas Prankl, Farmdok GmbH

Digital tools fiir site-adapted fertilization
Lukas Handl, Josephinum Research, AUT

Artificial Intelligence (Al) in Agriculture: Challenges, Benefits and Use

Cases
Peter Riegler-Nurscher, Josephinum Researchr, AUT

15:00 End



Parallelblock 14

Herstellung, Veredelung und Nutzung von Biokohle
und Biomasseaschen

Saal 6, 13:30 - 15:00

Chair: Elisabeth Wopienka, BEST, AUT
13:30 Beginn

Potenzial von Rostaschen aus der Verbrennung von Nicht-Holz-Bio-
masse als nachhaltigem zementartigem Zuschlagstoff
Volker Lenz, DBFZ, DEU

Pelletierqualitidt von Biokohlen: Einfluss von Karbonisierungsverfahren
und Additiven
Niklas Illich, BEA Institut fiir Bioenergie GmbH, AUT

Green Carbon fiir Kunststoffverbundwerkstoffe
Stefan Martini, BEST, AUT

Reduktion von Emissionen, Bindung von Nahrstoffen und Kohlen-
stoffsequestrierung durch die Lagerung von Giille mit Beigabe von
Biokohle aus der Holzvergasung

Lucas Schuchter, MCI Management Center Innsbruck, AUT

Low-Tech, CO2-negative Warmeversorgung durch Pyrolyse von
minderwertiger Biomasse und Bodenspeicherung von Biokohle
Tobias Proll, BOKU, AUT

15:00 Kaffeepause

Vortragssprache Englisch Z}=

Parallel Session 14

Production, upgrading and use of green carbon and
biomass ashes

Room 6, 13:30 - 15:00

Chair: Elisabeth Wopienka, BEST, AUT
13:30 Opening

Potential of bottom ashes from non-woody biomass combustion as
sustainable supplementary cementitious materials
Volker Lenz, DBFZ, GER

Influence of carbonization process and additives on the quality of
biochar pellets
Niklas Illich, BEA Institut fiir Bioenergie GmbH, AUT

Green Carbon for Polymer Composites
Stefan Martini, BEST, AUT

Emission reduction, nutrient retention and carbon sequestration in
the storage of liquid manure with bio-char from wood gasification
Lucas Schuchter, MCI Management Center Innsbruck, AUT

Low-tech CO? negative emission district heating supply based on
pyrolysis of low-value biomass and biochar soil storage
Tobias Préll, BOKU, AUT

15:00 Coffee Break €&t Poster Presentation

ol L)

el

Language English

Workshop: Potenziale und Grenzen Freitag

«griinen” Wachstums in der 20

osterr. forstbasierten Biookonomie =
Janner

Saal 2, 13:30 - 15:00

Chairs: Raphael Asada, Universitit Graz, AUT
Claudia Mair-Bauernfeind, Universitit Graz, AUT
Tobias Stern, Universitdt Graz, AUT

Im europdischen Raum steht die Umgestaltung der Wirtschaft hin zu ei-
ner biobasierten Okonomie auf der politischen Agenda. Die Europaische
Kommission erwartet neben einer reduzierten Abhdngigkeit von fossilen
Ressourcen sowie geringeren Treibhausgasemissionen die Schaffung neuer
Geschaftsmoglichkeiten und Impulse fiir Wirtschaft und Beschaftigung im
|dndlichen Raum.

Sechs Studierende der Umweltsystemwissenschaften (Universitat Graz, TU
Graz) widmeten sich ein Semester lang der Frage, welche 6konomischen
Wachstumspotenziale und Grenzen die 6sterreichische forstbasierte Bio-
okonomie aufweist. Hierzu wurden drei in Forschung und Politik genannte
Entwicklungspfade genauer untersucht, die im Rahmen des Workshops
diskutiert werden. Insbesondere wird erdrtert, welche Rohstoff-, Effizienz-
und Innovationspotenziale fiir den dsterreichischen waldbasierten Sektor
bis 2040 bestehen und welche Hauptfaktoren den Beitrag dieser Potenzia-
le zu ,griinem" Wachstum beschrénken.

—
Vortragssprache Deutsch g

Workshop: Potentials and limits of Friday

«green” growth in the Austrian 20

forest-based bioeconomy .
January

Room 2, 13:30 - 15:00

Chairs:  Tobias Stern, University of Graz, AUT
Claudia Mair-Bauernfeind, University of Graz, AUT

Raphael Asada, University of Graz, AUT

The transformation of the economy towards a biobased economy is on the
political agenda in the European region. In addition to reduced depen-
dence on fossil resources and lower greenhouse gas emissions, the Euro-
pean Commission expects the creation of new business opportunities and
impulses for the economy and employment rate in rural areas.

Six students of Environmental Systems Science (University of Graz, Graz
University of Technology) have examined the potentials and limitations
of Austria's forest-based bioeconomy for one semester. Three develop-
ment paths mentioned in research and policy were analyzed in great de-
tail - their findings will be discussed in the workshop. In particular, the
workshop discusses the existing raw material, efficiency and innovation
potentials of the Austrian forest-based sector until 2040 and, moreover,
main factors limit the contribution of these potentials to ,green” growth.

Language GErman oum
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Workshop: Digitalisierung in der Fernwarmeversorgung - durch Daten zu optimier-
ten Systemen und neuen Geschaftsmoglichkeiten, Special Session organisiert von IEA DHC
Annex TS4 Digitalisation of District Heating and Cooling Systems, Saal 7, 13:30 - 15:00

JDigitalisierung ist die Schliisseltechnologie fiir die
Transformation der (Fern-)Wdarmeversorgung und fiir eine
Integration groBer Anteile von Wdrme aus erneuerbaren
Quellen in unser Energiesystem."”

Chair: Dietrich Schmidt, Fraunhofer IEE, DEU

.Die zunehmende Digitalisierung erméglicht einen deut-
lich effizienteren und flexibleren Betrieb von Fernwdrme-
systemen.”

Co-Chair: Markus Gélles, BEST, AUT

13:30 Erdffnung

Die Integration digitaler Prozesse fiir einen optimierten Anlagen-
betrieb und die effiziente Einbindung von erneuerbaren Energien in
der Fernwéarme

Dietrich Schmidt, Fraunhofer IEE, DEU

Ende-zu-Ende Optimierungssoftware fiir Fernwdrmesysteme
Peter Ott, Danfoss, AUT

Chancen der Fernauslesung zur Netzoptimierung durch intelligente
Nutzung von Daten
Hans Peter Gremel, Kamstrup, AUT

Workshop: Digitalisation in District Heating Supply — with data to optimized systems
and new business opportunities - Special Session organized by IEA DHC Annex TS4
Digitalisation of District Heating and Cooling Systems, Room 7, 13:30 - 15:00

.The main technology for modernizing our (central)
heat supply and incorporating significant amounts of
heat from renewable sources into our energy system is
digitalization."

Chair: Dietrich Schmidt, Fraunhofer IEE, GER

JIncreasing digitalization is allowing district heating
systems to be operated more efficiently and flexibly."

Co-Chair: Markus Golles, BEST, AUT

13:30 Opening
Integration of digital pocesses for optimised operation of and effi-

cient inclusion of renewable heat sources into district heating
Dietrich Schmidt, Fraunhofer IEE, GER

End-to-end optimization software for district energy systems
Peter Ott, Danfoss, AUT

Remote readout as a chance for heating grid optimisation via
intelligent use of data
Hans Peter Gremel, Kamstrup, AUT
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Freitad

20.

Janner

Digitalisierung von Ubergabestationen in Fernwirmenetzen mit
LoRaWan und Methoden fiir ein automatisiertes Monitoring und zur
Reduktion von Riicklauftemperaturen von Wiarmenetzen

Dirk Pietruschka, HfT Stuttgart / University of Applied Science Stuttgart,
DEU

DistrictLab-H: Ein Werkzeug fiir die Unterstiitzung bei der
Absenkung von Systemtemperaturen in Fernwarmesystemen
tba.

15:00 Ende

Vortragssprache Englisch S§2

Friday

20.

January

Digitalization of transfer stations in heating networks with
LoRaWAN and methods for automated operational monitoring and

return temperature reduction
Dirk Pietruschka, HfT Stuttgart / University of Applied Science Stuttgart,
GER

DistrictLab-H: a tool to support temperature reduction efforts in
District Heating Systems
tba.

15:00 End

Language English 4=



Posterprasentationen, Foyer

Im Rahmen der Posterprasentation werden ausgewahlte
Konferenzbeitrage und Projekte zu folgenden Themenbereichen
vorgestellt:

Biodkonomie

Biogas

Brennstoffcharakterisierung

Wairme aus Biomasse und Verbrennungstechnologien
Biomassepotenziale und Markte
Logistik und Lagerung

Strom aus fester Biomasse
Energiepflanzen und Reststoffe
Brennstoff- und Substrataufbereitung
Pellets

Nachhaltigkeit

Neue Absatzmérkte fiir Technologien

Die Posterausstellung findet im Foyer zu den Tagungsrdumen statt
und ist wihrend der beiden Vortragstage (19. und 20. Jdnner 2023)

zuganglich.

Dariiber hinaus werden in den Konferenzpausen eigene
Postersessions durchgefiihrt, in denen Ihnen die Autorlnnen fir
Auskiinfte zur Verfligung stehen.

ponnerstad  10:30-11:00 Uhr freitag 10:30-11:00 Uhr
19. 12:30-13:30 Uhr (). 12:30-13:30 Uhr
Janner 15:00-15:30 Uhr 15:00-15:30 Uhr

Janner

Poster Presentations, Foyer

Selected conference contributions and projects will be presented
within a poster presentation. The following topics will be
presented in detail:

Bioeconomy

Biogas

Fuel characterization

Biomass heat and combustion technologies
Biomass potentials and markets
Logistics and Storage
Electricity from solid biomass
Energy crops and Residues

Fuel and substrate preparation
Pellets

Sustainability

New markets for technologies

The poster exhibition takes place in the foyer of the Messe
Congress Graz and is accessible throughout the conference days
(19" and 20% of January, 2023).

Furthermore, there will be guided poster sessions during the
conference breaks, which enables the visitors of the conference to
ask their questions to the scientists directly.

Thursd?Y10:30-11:00 Uhr Friday  10:30-11:00 Uhr
19. 12:30-13:30 Unr 2. 12:30-13:30 Uhr
January ~ 15:00-15:30 Uhr january  15:00-15:30 Uhr
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INNOVATIVE LOSUNGEN VON 7 BIS 1500 KW.
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¢ Pelletskessel

¢ Scheitholzkessel

¢ Hackgutkessel
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HERZ Energietechnik GmbH
HerzstraBe 1, A-7423 Pinkafeld
Tel.: +43(0) 3357 42 840-0

Mail: office-energie@herz.eu
Web: www.herz-energie.at Boiler for log wood, wood pellets & wood chips
up to 1.500 kW

FIHEIZ (Ginde)
ECO-FRIENDLY ENERGY l

WITH THE LATEST TECHNOLOGY! . )
Heat pumps - soil, water, air

up to 40 kW

Binder Energietechnik Ges.m.b.H.

Mitterdorfer StraBe 5, A-8572 Barnbach

Tel.: +43(0) 3142 22 5440

Mail: office@binder-gmbh.at

Web: www.binder-gmbh.at Large scale boiler for biomass
up to 20.000 kW

FROM

FAMILY HOMES TO
INDUSTRIES AND
CORPORATIONS

We ensure that people all across
Austria are supplied with clean
heating and green energy -

at home and at work. We also offer
sustainable solutions throughout
the entire value chain.

kelag

ENERGIE & WARME




go-international.at

ENTGELTLICHE EINSCHALTUNG

Rund um lhr
Unternehmen leben

8,1 Milliarden
Menschen.

Unser Markt ist gréBer, als wir denken.
go-international — die Offensive fur
mehr Export.

@ Startgeld fir Mutige: Jeder zweite Arbeitsplatz in Osterreich hangt direkt oder indirekt am
%, — udeemisien Export. Die Exportwirtschaft ist das Riickgrat der &sterreichischen Volkswirtschaft und ihr
it W K O /(| verlasslicher Motor. Damit dies so bleibt, unterstiitzt die Internationalisierungsoffensive des

Bundesministeriums fiir Arbeit und Wirtschaft (BMAW) und der Wirtschaftskammer Osterreich
(WKO) die 8sterreichischen Exporteurinnen und Exporteure sowie Investorinnen und Investoren.
go-international.at

EUBCE

2023

5 - 8 June, Conference & Exhibition
9 June, Technical Tours

Bologna Congess Centre

eubce.com
#EUBCE2023

INSTITUTIONAL SUPPORTERS

Coordination of the Technical Programme Support of the Industry Track
European Commission - Joint Research Centre CBE JU - Circular Bio-based Europe Joint Undertaking
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