)\-—-—

IEA Bioenergy

Technology Collaboration Programme

Country report Sweden

|IEA Bioenergy Task 33 - Gasification of biomass and waste

Joakim Lundgren
Professor, Energy Engineering, Lulea University of Technology LTU
Guest professor, Process Technology, Royal Institute of Technology KTH

Task meeting, Edmonton, 18-20 April 2023

The IEA Bioenergy Technology Collaboration Programme (TCP) is organised under the auspices of the International Energy Agency (IEA) but is functionally and legally autonomous.
Views, findings and publications of the IEA Bioenergy TCP do not necessarily represent the views or policies of the IEA Secretariat or its individual member countries.

Technology Collaboration Programme

by 1201




Share of energy from renewable sources, 2021 (% of

gross final energy use)
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* This designation is without prejudice fo positions on status, and is in line with UNSCR 1244/1999 and the ICJ Opinion on the Kosovo
declaration of independence.
IE A Source: Eurostat (online data code: nrg_ind_ren)
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Total final energy supply in Sweden (TWh per year)

Total energy supply by energy commodity, from 1970, TWh
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. Commercial/Industrial scale plant *Thermal input

. Pilot/demonstation scale plant
Academic research and development

. Project- & technology developer/Comp

5 MW el 5

RISE ETC
3 gasifers 20 kW-1 MW*
Cortus Energy

500 kW* WoodRoll®

Varmlandsmetanol AB

BioShare AB

Boiler conversion

Meva Energy AB

Cyclone gasification

2 e el ‘
Chalmers University of Technology

Plagazi AB

Plasma gasification

Cortus @ Hoganis

6 MW* WoodRoll®

Luled University of Technology
LTU Green Fuels
3 MW* Entrained flow gasifier

Umea University

Mid-Sweden University

ScanArc AB

Plasma technologies

Phoenix Biopower AB
Biomass-fired TopCycle (BTC) technology

KTH Royal Institute of Technology

Cortus Energy AB
WoodRoll® technology

Mailardalen University

MEVA @ Sofidel, Kisa

5 MW Cyclone gasifier

Emamejeriet
170 kW™ Fixed bed gasifer

Linneaus University

Lund University/LTH
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Cortus 6 MW WoodRoll® gasifier at the Hoganas steel

plant

Pyrolysdrift || Fargasardrift

IEA
Bioenergy

* Integrated operation with maximum energy
recovery* during 7 days of continuous
gqggi production (MS3) was achieved in

ct 22.

» The next step is to replace natural gas in a
band furnace.

« The radiation tubes for the burners had to
be replaced, primarily due to the non-
continuous operation.

» Currently, the plant re-start is in progress

* more than 90% of the energy comes from pyrolysis gas

Ref: http://cortus.se, 2023-04-14

www.ieabioenergy.com


http://cortus.se/

-
Other Cortus WoodRoll® news \.'

« Cortus AB has received an order for the
installation of ceramic lining for a new
0.5 MW WoodRoll® gasifier under
construction at the German company
Holzner Druckbehalter. Delivery
summer of 2023.

* A WoodRoll® gasifier placed in Bayern
will be combined with a hydrolysis unit
from blueFLUX. Planned start of this
facility is the end of Q3, 2023.

IEA
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Other Cortus WoodRoll® projects \.'

« Engineering study for a future plant for green
diesel production with the Norwegian
company Biojet AS.

Planned plant capacity = 750 tonnes of biomass

per day = several parallel WoodRoll® needed (20
times larger than Hoganas).

« Aterm sheet (preliminary agreement) with
the Norwegian company Glocal Green AS on
gasification of forest residues for the
production of renewable methanol for

shipping.

* An engineering study on a 6 MW WoodRoll®
gasifier in Ireland for RNG-production has
recently been delivered.

Photo from http://cortus.se

IEA More info at http://cortus.se
| Bioenergg ¢ www.ieabioenergy.com
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MEVA Energy \"

« Entrained flow cyclone gasifier
emanated from research at Lulea
University of Technology

Renewable BioSyngas

« Small fraction fuels (sawdust, wood
fibers and agricultural residues)

|Biomass fines Biomass fines
introduced in introduced in  »

] air stream air stream
I

« Applications: CHP, fossil process gas
replacements and industrial drying
processes

Biochar side stream

IEA More information at http://mevaenergy.com
= Bioenergy S www.ieabioenergy.com



MEVA Energy ...,

« Renewable gas replacing fossil LPG for
tissue drying at Sofidel mill in Kisa,
Sweden

« Approx. 4 MW = 1300 kg/h wood-pellets

« Currently testing water system and
monitoring instruments

« First gas deliveries planned in May 2023

« Fall 23 and Spring 24, plant optimization and
evaluations

Pictures from and more information at http://mevaenergy.com

IEA
Bioenergy 10 www.ieabioenergy.com



MEVA Energy

More information at http://mevaenergy.com

@ IEA
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Low value residues from furniture
manufacturing, board, MDF to renewable gas and
power (2.4 MW) at IKEA Industry production unit
in Zbaszynek, Poland

« 2"1220 kg/h fuel (twin gas trains with shared
auxiliary systems)

« 1.2+ 1.2=2.4 MW of green electricity, possibly
use of residual heat for heating lkea's nearby
buildings

Initial process design work completed. Now
detailed design initiated.

Start procurement of time-critical equipment in
a%rzing 2023 with start-up of the facility Q3-Q4
4.,

Environmental impact assessment completed -
basis for the environmental permit.

L www.ieabioenergy.com




Uniper and Sasol ecoF T - SkyFuelH2

 Sasol ecoFT has signed a Lol with Solleftea
municipality in collaboration with Uniper

* An industry-scale production facility for
sustainable aviation fuel

100 000 ton SAF per year = ca 150 MW = 200 MW
power + 100 MW biomass

« Proposal for a feasability study submitted to
the Swedish Energy Agency (Total budget 53
M€ (50 % from SEA))

« Ambition to start construction in 2024 and fuel
deliveries 2026.

IEA Reference and more info at https://www.uniper.energy/sweden

= Bioenergy 12 www.ieabioenergy.com



PLAGAZI AB

« The patented PLAGAZI ® process for
transforming waste into hydrogen
through plasma gasification. Several
projects in progress:

« Koping Hydrogen Park - Three Plagazi plants
to recycle 66.000 tonnes of waste annually for
production of 12.000 tonnes (51 MW) of
hydrogen.

» Planned to be operational in 2024
« German project “Havelstoff” located in

Brandenburg run together with Neue Energien
Premnitz

« LOI with WIRTZ Energie + Mineralol GmbH with
the intent to form a long-term offtake
agreement of 4 000 tons of hydrogen

* Planned start Q2, 2023

More info at http://www.plagazi.com

IEA
Bioenergy

Gasification Cooling comversion e
Synthetic
/plasma“ & Y & Process Hydrogen
reactor ; as
Heat Cleaning e
roduction Process Captured
’ Liquid CO,
T_ 70% Recycled ¢ | o
-

Electricity
*  Any type of waste: Auto Shredder Residue, Car Tires, Plastic, Household-, Industrial-, Hazardous- or Medical Waste.

= Exposed to Temperatures > 3000°C in a Plasma Reactor, where the waste is broken down to atomic level.
= The Product is then rebuilt to form Green Hydrogen and CO2, which the latter is captured directly.

13 www.ieabioenergy.com



BioShare - Thermochemical co-production in a CHP plant

« BioShare’s technology enables
additional products in addition to
heat and power.

 Their fluidized bed solutions can be \

applied utilizing separate bed an ranche %/
material or share bed material with a
boiler.

Boiler fuel

FT-wax

More info: www.bioshare.se

IEA
Bioenergy 14 www.ieabioenergy.com



Phoenix Biopower

« The Biomass-fired TopCycle (BTC)
- Integrated gasification and gas
turbine combustion with steam
1njection

« Gas turbine for power generation
aiming at electrical efficiency of
up to 55 %

« 100 % H, capable, Ultra-low NOx

« Two H2020-projects; EUCANwin!
and BioFlexGen

More information at http://phoenixbiopower.com/

IEA
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Phoenix Biopower

IEA
Bioenergy
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New project §ranted by SEA -

BioPower202
« Continued development of the BTC
technology.

« Validate the technology for robust
and flexible operations with low
quality fuels.

Two pre-feasibility studies for
demonstration plants operating with
mixtures of waste wood and forest
[ﬁﬂ?ues (Sweden) and energy crops

Collaboration with Zorya-Mashpoekt
(UA) on Top Cycle gas turbine

First commercial plant commissioned
by 2029

More information at http://phoenixbiopower.com/

www.ieabioenergy.com
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Selected gasification R&D projects

IEA
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Initiative on Bio-e-methanol

Based on work in LTU Biosyngas programme

* Pressurised Entrained Biomass gasification (PEBG),
Oxygen blown

» Hydrogen boosted MeOH production

GLOCAL GREEN, LULEA
UNIVERSITY OF TECHNOLOGY, _
LTU GREEN FUELS AND RISE Tl
ESTABLISHES COOPERATION .'v'

FOR UPSCALING OF GREEN ‘Mf e
METHANOL PRODUCTION LTU  GREEN FUELS

UNIVERSTTY
OF TECHNOLOGY

LULEA UNIVERSITY OF TECHNOLOGY
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Circular and renewable feedstocks to the Swedish
chemical industry

@Energfmyndighelen
Pyrolys Pyrolysis liquid Gasification 0.63 MEuro (3 yr)
'

| Synthesis
gas
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From Forest Residues to Sustainable Aviation Fuels (RE- =
SAF)

WP2: Sustainability

: 1 l

® S6DRA VEAB
Residues from sustainable forestry Production Utilization

SkyNRG

WP1: Pre-FEED study WP3: Business Case Development

\ J

s

WPO: Project Coordination R I
N N
Q eVJY
&ol WP4: Communication
)
Il__l"\
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FerroSilva

* Project funded by the Swedish Energy Agency and an industrial and
research consortium,

« Techno-economic conditions for production of sponge iron (DRI)

« Several options for integrating the production of biogenic syngas with a reduction
process with high utilization of the top gas of the DR-process

« Great GHG-performance - CO2-sink with CCS

« Reduction with syngas from biomass seems competitive against all other current
alternatives under Swedish conditions.

* The next step is to build a demonstration plant of 50 kton DRI.
* No updates since last meeting

IEA
= Bioenergy 21 www.ieabioenergy.com
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Large-scale production of biocarbon =
as renewable feedstock in fossil-free value chains
within the iron and steel industry

Aim: Develop a reactor concept enabling large-
scale production of biocarbon and which can be
integrated into existing fluidized bed boilers.

2022-2026
Funded by Swedish Energy Agency

PR PILANS
1 I\L
By

p |

ik
-
-
-

Partners: Chalmers, Lulea

. \ - NEe University of Technology, RISE,

Blogas BioShare, E.ON, Hoganas,
el |\ | ssas

Biomass

UNIVERSITY OF TECHNOLOGY
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o Catalytic steam reforming of tar and methane at high

VETENSKAP
28 OCH KONST 9%

pressure for H, production

Increased the understanding of
ogl 1H2 catalytic steam tar and hydrocarbon
reforming of biomass gasification raw
gas at pressurized conditions (10-20

—
Gas in bar)
TS ] .
» Tests to be performed in
i ! collaboration with Topsoe A/S and
as sampling . .
_ Phoenix BioPower AB
* roduc
Particulate gas § . .
filter 200 mm. L -5“> Heaters » Determine relevant operational
...... ‘ A ceramic condlthn.s based on gas
rings composition
Gasifier I i 670 mm . .
1 @134 mm Catalyst « Focus monolithic catalyst
' : | Ceramic ° : _
: e ngs Test campaigns planned for May
June and August 2023
—
Cooling steam Gas out

Process steam

Pressurised BFB P < 50 bar

Steam boiler

2023-04-25 23



Thanks!

Joakim Lundgren, \

Deputy Director, CH2ESS - Centre for Hydrogen use in industry and the Energy System Sweden I EA B IOe ne rg U

Professor, Energy Engineering, Lulea University of Technology Technology Collaboration Programme

Guest professor, Process Technology, Royal Institute of Technology KTH
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