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eSS

Gross Inland energy consumption

29.3 0 M Renewable energy sources
36.7 oh I 0l

21.8 0 ™ Matural gas

1,423 P 8.1 % M Coal
2.3 O M Electric energy

1.9 % Waste, non-renewable

Total

Source: Slatsbcs Ausiria, Energy balance MR

In Austria, energy consumption is covered by around two thirds by
mostly imported fossil fuels.

|EA Source: biomasseverband.at
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eSS

Domestic energy generation

44.7 oo W Bioenergy

27.0 % B Hydropower
4.5 G0 M Ambient heat
4.3 %  Wind energy
1.1 % M Photovoltaics
7.2 % W Natural gas
5.8 o I 0il

5.4 B I Waste, non-renewable

Source: Statisties Austria, rergy badance MHAB

Contrary to imports, renewable sources predominate in domestic
energy production with a share of around 82 %.

IEA
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Bioenergy in Austria

Opinions on the use of wood

JIntensification can lead to biodiversity problems (e.g. loss of
deadwood, nutrient removal).” (NGO representative)

Jf a tree is bumed, the exact same amount of CO: is released
that the tree previously absorbed with growth.” (Biomass sector
representative)

.Usage leading to a long-term carbon bond andfor replacing

energy- and greenhouse-gas-intensive products is to be preferred.”
(NGO representative)

Every expansion of use reduces the sink effect of the forest."
(NGO representative)

.The forest's sink function cannot be maintained without an active
forest management.” (Biomass sector representative)

Source: biomasseverband.at

IEA
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Principally,

there is a consensus that the sole
expansion of renewable energy
sources cannot cover the
domestic energy demand in
Austria.

Therefore, the various expansion
scenarios are assuming a massive
necessity for savings.

But there is skepticism about how
these energy savings are to be
achieved.

The main barriers for the
expansion of renewables are as
follows:

lack of investment and bank

financing,
* enduring commercial and official
procedures,

* inadequate technological
development
(e.g. storage technology)
» lacking cost accuracy of fossil
fuels.
www.ieabioenergy.com
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Bioenergy in Austria Source: Biomasseverband

© Biomass combustion facilities

& Biomass gasification facilities

Source: OBMV,
IG Holzkraft, LK Niederdsterreich

About 2 400 biomass boilers and 143 CHP gasification facilities

IEA
= Bioenergy 6 www.ieabioenergy.com
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CHP facilities in Austria

[ — el
I g Se .
. I = £E S
Overview wood gas systems | E = i ¢ 3
£y E sz £ 2 5
= g £ - I =1 g =
Plant manufacturer I £ &2 FE S =2 T @
Burkhardt GmbH ]
Entrenco GmbH )
i i - h H !
GLOCK ecotech GmbH |
Hargassner GmbH I
Holzenergie Wegscheid GmbH I
~ LiPRO Energy GmbH & CO. KG I
Pﬁlﬁcﬁniﬁ Luft- und Feuerungstechnik GmbH |_400-1,500 ) -
aWatt Gm | 1,600-8,000 (o] [e]
Spanner Re’ GmbH I
_Stadtwerke Rosenheim GmbH & Co. KG I
_ Syncraft® GmbH | _700-3,000 X ) X
URBAS 5tahl- und Anlagenbau GmbH I 500-2,000
Windhager fentralheizung GmbH o 7-100
]
Xylowatt S.A. : Gresco Power | 2,800-7,300 [e] X
System designer I
BEST — Bioenergy and Sustainable Technologies GmbH” | 100-35,000 X 0 0O
GET - Gilssing nergv Technologies GmbH | X X [e) O X
~ GUssing Renewable Energy GmbH , 4,500-45,000 ) O
~Pdrner Ingenieurgesellschaft mbH | 500-45,000
Hepu@flﬂiermg Engineering GmbH | X X le} (o] X
ERNEUERBARE ENERGIE - Ing. Leo Riebenbauer GmbH X o Q X
SMS group Process Technologies GmbH 11,000-20,000

x = implemented commercial plants; © = no commercial systems available yet; " research facility; ™ given information applies to one module,
Company information, table makes no claim to completeness.

IEA
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Research in Austria
University of Natural Resources and Life Sciences Vienna

(BOKU Wien)

Actual project:

FLASH - Predicting the Flow behavior of ASH mixtures for production
of transport biofuels in the circular economy (Forskerprosjekt -
ENERGIX)

Project period: 2018 — 2021

Partners:

. Porsgrunn, University of Norway

e  Trondheim, Norway - Research institute
. Aalto, Finnland - University,

. Daniel Lindberg (externer Partner)

IEA
= Bioenergy 8 www.ieabioenergy.com
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Research 1n Austria

Vienna University of Technology (TU Wien)
Institute of Chemical Engineering m bt

Vienna University of Technology

Actual projects:

FCTRAC (Fuel cell tractor fuelled with biogenic hydrogen)

ADORe-SNG (Comprehensive Automation, Digitalisation & Optimization of Renewable & Sustainable SNG-
production)

Waste2value —together with BEST and other partners

Relevant publications:

Bartik, A., Benedikt, F., Lunzer, A., Walcher, C., Miiller, S., Hofbauer, H., 2020, "Thermodynamic
investigation of SNG production based on dual fluidized bed gasification of biogenic residues",
Biomass Conversion and Biorefinery, Vol.11, p.95-110, doi: 10.1007/s13399-020-00910-y

Schmid, J.C., Benedikt, F., Fuchs, J., Mauerhofer, A.M., Miiller, S., Hofbauer H., 2019, "Syngas for
biorefineries from thermochemical gasification of lignocellulosic fuels and residues - 5 years’
experience with an advanced dual fluidized bed gasifier design". Biomass Conversion and
Biorefinery, https://doi.org/10.1007/s13399-019-00486-2

IEA
Bioenergy 9 www.ieabioenergy.com


https://projekte.ffg.at/projekt/3719251
https://projekte.ffg.at/projekt/3719251
https://projekte.ffg.at/projekt/3862075
https://www.best-research.eu/en/competence_areas/all_projects/view/611
https://doi.org/10.1007/s13399-019-00486-2

ADORe-SNG (1)

« Comprehensive Automation, Digitalisation &

Optimization of Renewable & Sustainable SNG-
production

e 2021 - 2024
DFB- . Fluidized Bed .
ﬂGasiﬂcationh Gas Cleaning Methanation ESas Upgradmgh
Sustainable Product Gas Product Gas Raw-SNG SNG
Fuel (H,, €O, CO,, CH,, H,0) (H, €O, CO,, CH,, H,0)
Contaminants
Goals:

e Optimization of the dual fluidized bed gasification and
fluidized bed methanation process chain with regard to
technical, economic and ecologic factors

* Development of a semi- or fully automated control system
(«driver assistance system for the operator»)

* Reduction of operating expenses
IEA

= Bioenergy 10 www.ieabioenergy.com




ADORe-SNG (II)
Methods:

e Development of a Digital Twin of and novel control
concept for a 100 kW pilot plant

Including model predictive control, online process simulation of
live plant state, soft sensors, and visualisation and collaboration

tools | ; varr
e Conceptualization = - r

of a digitalization =~ = | | 5¥ i J

and automation  &. B . @ = e

system for a — m v

demonstration

scale plant

Visualisation

Contact: Florian Benedikt, TU Wien
florian.benedikt@tuwien.ac.at

IEA

conducted within the framework of the “Energieforschung (e!MISSION)” programme.

!i’—-

Collaboration

Project number: 881135 https://projekte.ffg.at/projekt/3862075

Refresh every
5 seconds

Human-Machine.

Interface

This project is supported with funds from the Climate and Energy Fund and is powe r’ed by kl_|m =+

e
fon%

Bioenergy
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mailto:florian.fenedikt@tuwien.ac.at
https://projekte.ffg.at/projekt/3862075
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Research In Austria

Graz University of Technology
Institute of Thermal Engineering

TU

Grazm

Projects areas:
Combustion and gasification
CFD-simulations
reactive fluid flows
solar thermal processes
extrusion and injection molding (polymers)
thermal Management
Thermo-dynamical process simulation
Fluidized bed combustion
Second Generation Fuels and fuel cells
CO,-free gas- and coal-burning power plant

m EA
= Bioenergy 12 www.ieabioenergy.com
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Research in Austria (&,

MANAGEMENT CENTER
INNSBRUCK

MCI

University of Applied Sciences for Environmental-,
Process- and Biotechnology, Innsbruck

Projects areas:

» Multi-staged fixed bed gasification systems
 Valorization of biomass

e Biomass to power and heat

e Engine & emissions

e Energy distribution and storage

m EA
= Bioenergy 13 www.ieabioenergy.com



Research In Austria

MCI - Josef Ressel Zentrum

Central goals: Production of activated carbon

» Use of waste wood/municipal wood residues as a feedstock for
the production of heat/power and activated carbon

* Production of activated carbon with high specific surface
(thermochemical methods, development of in-situ/ex-situ
activation methods and reactors

Output of research year 1.

* Preparation of feedstock is essential for successful
gasification

» Gasification behavior of waste wood differs from fresh
wood, but can be managed by adaptation of process

[JEirEirr"atIerS I\U’I‘6§a® I@;
.. ey
» Lab-scale activation successful (surface up to 1500 m?2/q) MAME‘,;;:": - S

INNSBRUCK

IEA
@ Bioenergg 14 www.ieabioenergy.com



ResearC h |n Au Strl a _]RZ
MCI - Josef Ressel Zentrum

Central goals: Application of activated
carbon

» Activated carbon: functional groups for better adsorption
behavior (e.g. heavy metals)

* Implementation in waste water treatment plants

» Use of activated carbon in other applications
« Odor reduction

» Water retention of urban green spaces/nutrition
management

Output of research year 1:

» Lab methods for all applications in waste water treatment
are established (5> I@

Tavs’

War,

&
MANAGEMENT CENTER
INNSBRUCK

= [EA
g Bioenergg 15 www.ieabioenergy.com



Research in Austria @ ST

Bioanergy and
Sustainable Technologies

Competence area - gasification:

Product gas production/treatment/utilization
Process development and optimization

Measuring and analysis technology

Fundamental R&D on ashes and bed materials

1st and 2"d generation biofuels

Representative of Austria in IEA Bioenergy Task 39
liquid biofuels

e EXCo vice-chalir

e Secretary of IEA Advanced Motor Fuels

e Project partner Waste2Value

m EA
= Bioenergy 16 www.ieabioenergy.com



Austrian companies

Aichernig Engineering GmbH (former REPOTEC)
(http://www.repotec.at)

Engineering of FICFB gasifiers for CHP, BioSNG and other synthesis (Glssing, Ulm,
Goteborg)

GET- Gussing Energy Technologies
(get.ac.at)
Research, consulting and engineering, education centre

Giissing Renewable Energy
(http://www.gussingrenewable.com)

GE Jenbacher Energiesysteme AG
(https://information.jenbacher.com/index.php)

GRESCO Power
https://gresco-power.com/

IEA
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https://information.jenbacher.com/index.php

eSS

Austrian companies

Small scale gasification - overview

0CK 18/55 44/120

OKOENERGIE

HARGASSNER () I 0

HEL TECHMNIK DER UK LINET

froling @

besser heizen

50 107

IEA
= Bioenergy 18 www.ieabioenergy.com



Austrian companies

Small scale gasification - overview

GS YNCRAFT®

Das Holzkraftwerk.

GRESCO
ﬂPower

Eine neue Generation
von Biomassekraftwerken

URBAS

stahl- und anlagenbau

IEA
Bioenergy

S

200-500

300/500

120-550

19

320-770

500/800

280-880

www.ieabioenergy.com



Project Waste2Value

1 MW DFB gasification
New research location at industrial \ demonstration plant

(improved reactor design)
+
300 kW Fischer-Tropsch
synthesis pilot plant

site Simmeringer Haide

Research laboratory with lab-
scale synthesis test-rigs (mixed
alcohols, H, separation, etc.)

1

“
b o by

IEA
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Production of syngas from biomass and
waste and downstream synthesis

1 MW DUAL FLUID gasification
250 kW Fischer-Tropsch synthesis

" Operation

Campaigns for research operation

Fuel

wood chips, sewage sludge, plastic
waste, sorted waste, agricultural
residues




D

Dual fluidized bed (DFB) steam gasification @

Biomass / waste is
converted into mostly
hydrogen and carbon
monoxide — a so-called
synthesis gas (or
product gas) via Dual
Fluidized Bed Steam
Gasification (DFB).

Synthesis gas is the
starting point for a
number of downstream
conversion processes,
like H,, SNG, liquid fuel
or chemical
production.

IEA
Bioenergy

Typical product
gas composition

Feedstock

H, cO CO, CH,C,H,
~_ N\

41% 24% 23% 10% @&

Product gas
or syngas Bed material, heat Flue gas

Gasification zone Combustion zone
(bubbling fluidized bed) (fast fluidized bed)
780 — 850 °C 900 — 950 °C

Steam Bed material, char Air

22 www.ieabioenergy.com
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Flexibility of DFB technology @)
.. —~

f More H; in product gas Up to 32 MW DFB steam
gasification. Commercial
SER - DFB operation for combined
Lab-scale tests show over 70 helat and power production,
vol% H, Sorption Enhanced using woody feedstock.

Lab-scale tests show an
increased CO yield of +30 %

Reforming (SER), Low H,/CO ratio, increased
Product gas contains more M+ Ico, carbon conversion rate
hydrogen, but less CO and CO, I co M cH,
709
70 - &

Using recycled CO, as additional

60 - Using Ca0 to fluidization medium.
remove CO, in-situ. Maximizes carbon conversion, with
50 - possible use of H,/O, from electrolysis
43% as added ‘renewable’ benefit.
40 - 35%
31%
30 -
23% 23%
20 -
10 -
O - -

101% (dry) SER - DFB Classic DFB CO,-DFB

IEA
= Bioenergy 23 www.ieabioenergy.com



Goal: complete process chain @

from gasification to synthesis
First experiment: end of 2022

1 MW DFB gasifier » 250 kW Fischer-Tropsch synthesis

IEA
= Bioenergy 24 www.ieabioenergy.com



Thanks for your attention

Dr. Jitka Hrbek \ ; "\

jitka.hrbek@boku.ac.at
Univ.Prof. Christoph Pfeifer IEA Bioenergg

ch ristoph ; pfe ife r@ boku.ac.at Technology Collaboration Programme

Www.leabloenergy.com
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