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IEA Bioenergy Task 34 in a nutshell ;

* Develop Biofuel standards to support
commercialization of DTL technologies.

[ o Validate and standardize analytical methods for
thermally liquefied biomass

* Encourage exchange of information with our
stakeholders

e Support technoeconomic assessment of
biomass liguefaction technologies
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Direct thermochemical liguefaction

oS -

 Biomass to liquid products

Feedstock

- N

e Direct conversion into liquids (intermediates)
— Pyrolysis

Solvent Liquefaction

— Hydrothermal liquefaction Pyrolysis

Fast Pyrolysis

» Auger/Screw

* Rotating Cone

+ Bubbling Fluid
Bed

* Recirculating Fluid
Bed

— Solvothermal liquefaction

Hydrothermal
Liguefaction

e Conversion of intermediates to final products

Solvothermal
Liquefaction

Liquefaction

* Management of side streams

Direct Thermochemical Liquefaction

Catalytic Pyrolysis
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Bio-Crudes Upgrading

*Separations
. ] «Catalysis
Bio-Oils ~ *Chemical Modification

Intermediates

Chemicals
and
Biofuels Products

Liquefaction Upgrading

Applications
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Reports published in this triennium (so far...)

task34.ieabioenergy.com/task-34-reports/

Title

Flexibility by fast pyrolysis in renewable energy systems

Production of Chemicals and Materials from

Direct Thermochemical Liquefaction

Gasification of Liquids derived from

Direct Thermochemical Liquefaction

Commercial status of direct thermochemical liquefaction

technologies
Registration of DTL products and derivatives

Electrochemical upgrading of bio-oils

Year

2024

2024

2023

2023

2023

2022

Technical Notes

Assessment of individual compounds

for DTL oil safety aspects

Technical note mass balances

Author

van de Beld, B.; Leijenhorst, E.

Thorson, M.; Howe, D.; Valdez, P.;
Herren, H., van de Beld, B.; Funke, A.,
Castello, D.

van de Beld, B.; Leijenhorst, E.; Fleck,
S.; Funke, A.

Collard, F.-X.; Wijeyekoon, S.; Bennett,
P.

Van de Beld, B.; Herres, H.

Song, B.; Collard, F.-X.; Kirk, T.:
Vellacheri, R.: Sandstrom, L.:
Johannsson, A.; Venderbosch, R.;

Lopez-Ruiz, J.

Year Author
2022 Funke, A.
2022 Funke, A.
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Lasse Rosendahl

Aalborg University as NTL

AAU

World-class expertise in HTL

Task on hydrogen utilization
Task on direct use of biocrude as a fuel
National country report (will be published soon)

Several articles on PyNe newsletter

* Networking events

! Head of Department
/) lar@energy.aau.dk

Daniele Castello
Associate Professor
dac@energy.aau.dk

EUDP C

Grant no. 134-21040
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PyNe newsletter

PyNe is the official newsletter of IEA Bioenergy Task 34

Published twice per year

A Denmark-related article in each issue

task34.ieabioenergy.com

Direct Thermochemical Liquefaction in Denmark
2022-2024

Daniele Castello, Lasse Rosendahl,
AAU Energy, Aalborg University, Denmark

Despite being a small country, the scene of
direct thermochemical liquefaction in
Denmark is vibrant and counts a number of
different experiences, at both academic and
commercial level. Innovation is driven by a
positive synergy among different factors. First
of all, the presence of very active,
internationally acknowledged research groups
at academic level, who are involved in
research projects ranging from fundamental
to applied research. In addition, a number of
commercial companies are present, able to
bring research results into practice, achieving
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Hydrothermal and solvothermal liquefaction
Denmark has a quite long history in the
development of hydrothermal liquefaction,
with academic and commercial operators
being investigating this process since the end
of the 2000’s.

This is the case of the Advanced Biofuels
research group (recently renamed “Carbon
Lab”) at Aalborg University, led by Assoc.
Prof. Thomas Helmer Pedersen, showing

important achievements in the past triennium.

In 2022, Aalborg University successfully
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The past triennium has been an exciting and
highly productive journey for all of us. We can

Newsletter
Task 34 Direct Thermochemical Liquefaction

important milestones to further advance
technological development and
imple rtation. Over the past three years,

proudly look back on the many and
the valuable exchanges that have advanced
the work in the field of Direct Thermochemical
Liquefaction (DTL). We have observed many
meaningful scientific insights but also

Inside this Issue:
3: Recent DTL activities in Canada: 2022-2024
6. Direct Th h 1 Li i

2022-2024

9: Valmet': ly v plant ready to
serve

11: DTL related activities in Germany 2022-2024

12: The jvanced biofuels from bi
via fast pyrolysis

15: Assessing the influence of blending catalytic

lysis bio-oil on the. marine

residual fuels

19: on Ad d Biomass

in lysis and Biofuels
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Task 34 had the pleasure of realizing four
inspiring local workshops, providing us with
the opportunity to share and deepen our work
with (continued on page 2)
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National networking event

Danish National Networking Day on
Direct Thermochemical Liquefaction

Aalborg, 11t March 2024
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|EA Task 34
Direct Thermochemical Liquefaction
Networking Day

Aaltorg AAU [nnavnte - 111 March 2024
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Webinars 0

-

s WEBINAR SERIES

Chemicals and Materials from Fast
Pyrolysis of Biomass

Tuesday, 9 April 2024
16:00 CEST - Duration 1 hour
Moderator Presenters

-

s WEBINAR SERIES

Treating and valorizing the aqueous phase
from hydrothermal liquefaction (HTL)

Tuesday, 19 March 2024
4pm CET / 10am EST. Duration 1.5 hrs

Moderators Speakers

e B

L

Michael Thorson Daniele Castello Patrick Biller Xavier Fonoll Almansa Cigdem Eskicioglu Moni
PNNL University of Aalborg, Associate Professor at the Assistent Professor Professor and NSERC/Metro Axel Funke Robert C. Brown Hans Heeres onque . .
Denmark Department of Biotogical at the University of Vancouver Industrial Research Principal Investigator Co-Director, Bioeconomy Institute Chemical Engineer, Bernardes Figueirédo
and Chemical Texas, USA Chair in Resource Recovery Pyrolysis, Anson Marston Distinguished BTG Biomass Technology Teckinoley Project Manaiger
Engineering, Aarhus from Wastewater, The Univer- #:’;::“:[’:gt"‘m“l’ of 2’:";";5&' ;;::ag‘:g:::'rg.chair 2 Group Circular Egcyononj\y v g(IRCE
University sity of British Columbia, School Mechanical Engineering, Technology Centre

of Engineering, Canada

lowa State University

e Periodically organized around topics of interest
* Free attendance
* High participation from all around the world
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Danish DTL landscape ... 10

_ Currently identified & active
06l e EIAES VS Steeper Energy ApS - HTL

primary conversion Circlia Nordic - HTL

Kvasir Technologies — Solvolysis

MASH Makes — PYR (waste materials, nuts)
Stiesdal SkyClean — PYR (agriwaste)

Organic Fuel Technology — PYR (micowave)
Other commercial Topsoe A/S

Crossbridge Energy (former Shell DK)

COWI A/S (consultancy, Power-to-X with bio)
SRl e Halle]al=1d Aalborg University, AAU Energy, Dept of Chemical Engineering (H2020, multiple feedstocks, stable processing,
education upgrading, blending/miscibility, biojet, road transport fuels)

Aarhus University, Dept of Chemistry, Dept of Engineering (H2020, ERC, multiple feedstocks, HTL
implementation)

Technical University of Denmark, Dept of Chemical Engineering (FP, hydrocatalytic pyrolysis, fundamentals)

Circlia (Cy)  Stiesdal

MASH
i MAKES ORGANIC
Crossbridge TOPSOE FUEL TECHNOLOGY

& Bioenergi til hele verden, Copenhagen, 22 January 2025 @
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Hydrothermal Liquefaction (HTL) 1

+ H,0 + catalyst Off-gases

Slurry making (typically: 20% DM)

Vv ~N

Pump Heater Cooler Expansion

Biocrude

Residence time
~ 15 mins.

Aqueous phase
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ENERGY

Steeper Energy
per

ENERGY

stee
Commercial Demonstration

Hydrofaction®
SGF Demonstration Plent

Tofte, Norway"
Constructed

i in 2021

12
Strategic Partner Phase |I: Demo Plant
Silva Green Fuel, Steeper's first A € 50M Demo Plant with
commercial licensee, chose to capacity of 30 BPD
invest in Hydrofaction® after converting forestry residues
extensive diligence on ~40 to renewable biocrude
competing technologies

Hydrofaction® process: supercritical HTL
; steeper

Engineering Verification

We are currently in the process
of having Steeper’'s commercial

plant capital costs and
engineering verified by an
engineering firm

%
Phase Il: Commercial Plant

Operations
Construction of Phase | Average production of
completed in 2021 2,000 BPD or 125,000 Fuel
and startup in progress Tonnes per Annum to be
with operation through built adjacent to the Demo
Plant

2023. Phase Il to follow

IEA Bioenergy

January 2025 @
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Circlia Nordic
@lrclla HTL of sewage sludge in modular plants

e Successful commissioning in an industrial

NORDIC o
site in Germany
Sludge * Final location to be in Fredericia
exchanger exchanger +reactor
* Circlia plans to build a plant with a capacity

High T
Solids (incl. phosphate and char) Of 25'000 t per year Of wet S|Udge

Product Co,
Separator Biocrude
P Aquous phase

EUDP

. Sludge2Fuel — e
(( Bioenergi til hele verden, Copenhagen, 22 January 2025 @
. Biosnargy




Kvasir Technologies

14

KVASIR

TECHNOLOGIES

 Demo plant to be built in Fredericia (South
Denmark), expected in 2024

e Capacity of 2 TPD.

WG
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Solvothermal conversion of lignocellulosic biomass

o pmm—-
.
. pe|

Agricultural waste residue New technology Sustainable marine fuel

Can be used directly in existing
engines and infrastructure

Biomass breaks into smaller
fragments expelling oxygen

Unutilized feedstock
abundantly available globally
(40% oxygen)

(Heat to 400°C with (<10% oxygen

ble alcohol solvent)

Straw-Fuel-Oil

A sustainable drop-in biofuel for the
decarbonization of the marine transportation sector

@ NORDEN

AALBORG UNIVERSITY

- J

(8) Crossbridge

ENERGY FREDERICIA

KVASIR
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‘ Off-gases

Pyrolysis

Vapors
Condenser f - \
FAST ngqmze
liquids '
Residence
time
Carrier gas |:> — o
no O, _ Maximize
SLOW solids
Bio-oil
Bioenergi til hele verden, Copenhagen, 22 January 2025 @




Stiesdal — SkyClean process

Stiesdal

SkyClean® process

16
5
The 3 year road to -
launch SkyClean’s 4 (Serial)
commercial size plant - 5 ° MW
launch in 2024 2w 2024
1 200kW
2021
200 kW
DTU

The SkyClean cycle

100% carbon absorbed
as CO,in
photosynthesis

Agriculture and forestry

100% carbon stored as
biomass

The biochar sink is the key to
the carbon-negative aspect ...
the more jetfuel we produce,
the more carbon we remove
from the atmosphere!

Source
[ 50% carbon added as COz]

Atmosphere already in atmosphere
+ Aviation

50% carbon processed

=g as jetfuel

Pyrolysis 50% carbon permanently
sequestered as biochar

&

50% carbon emitted as
CO, from combustion

o

March 2022: Inauguration at

August 2021: Iau uration
9 9 GreenlLab, Skive.

in Braedstrup.

Q1 2024: 20 MW plant starts operating at BB Energi.

Bioenergi til hele verden, Copenhagen, 22 January 2025 @
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Mash Makes

MASH e
MAKES RSN
NORDEN
A ; : Use with high flash-point fuels (ISO 8217)

Vi A ' A W e y
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QSEW G'?ooy
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Organic Fuel Technology

0 RG A N I C Project WAVEFUELS (EUDP)

FUEL TECHNOLOGY

18

Projected production:

g EE TGE u‘.‘er-.lr:.:lL I\ 'c. Tons / year .
' B Sludge (DM 25%) 10.000 Targ etmg
Ol 1.200 )
(" Rubber | 2 Blochor 200 marine fuels
‘ OFT8 — CO.e T.467
Full-scale
demonstration | ,
Gas plant
P30
k | Capacity:
\ |
6 x 12 kW microwave
Mi char/Coal generators
- . icrowave ar/Coa
Bio-materials eactor D 400 kg dry matter / hour ; | = i
J 0 0
Focus on wastewater
sludge : A ]

Feedstock

. & Bioenergi til hele verden, Copenhagen, 22 January 2025 @
Org univ®
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Academic research

AARHUS
/ ¥ UNIVERSITY >
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HTL and wet-oxidation of AP
Microwave pyrolysis

Hydropyrolysis and catalytic
pyrolysis

Bioenergi til hele verden, Copenhagen, 22 January 2025 @
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Research projects: Lowcarbfuels.dk

Technology developers Analysis and Logistics and End users & hosts
& providers certification commercialization

Crossbridge

ENERGY FREDERICIA

HALDOR TorsoE ¥

steeper’

ENERGY

‘,(;W' CQGO
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Globally leading HTL
implementer, refinery
and knowledge
institution

.

Deutsches Zentrum

i DLR fiir Luft- und Raumfahrt

German Aerospace Center SkyN RG
(KfP E‘;’lf‘fg,ﬁg é GREENFUELHUB
TN
SAS NS DCC\ M

COWI

Globally leading
expertise in certification,
analysis, full scale
testing, LCA and scenario

evaluation

DCC & Shell Avigtion Denmark A/S

Globally leading
sustainable fuel
providers with extensive
networks into aviation
and marine sectors; DK
leading aviation fuel
supplier

“ energys:s.

Disseminator and networking

Low Carb Fuels

”1/: Innovation Fund Denmark

MA[,NBI 0RG ™ AR(Eore RESEAROH TECHNOLOGY & GROWTH
>

ARRHUS . AARHUS HAVNv

AIRPORT - < Feb 2021 — Dec 2025

Billund Airport

MAERSK

Globally leading end
user (marine); majority
of DK domestic airports;
major DK ports
(potential hosts)

Bioenergi til hele verden, Copenhagen, 22 January 2025 @

IEA Bioenergy



21

Research projects: CIRCULAIR
CIRCULAIR

‘ -~
i!:Ii Circular fuel supply for air transport via negative emission
HTL conversion

CO, from h—
atmosphere |
""C‘)':": 7 N\
Renewable (g <> . H, Methanol
. . 2 Electrolysis — ) e
Electricity synthesis - SELTLE=
. \ JH—| / AARHUS O Bauhaus #uﬂfgﬁn I%uu‘? \ »
fveue Yrege. s
02 Y : ‘coz v UNIVERSITY AALBORG UNIVERSITY ' / UNIVERSITAT UNIVERSIDAD
{ \ DENMARK HOHENHEIM COMPLUTENSE
/ Biomass \ MADRID
—l HTL-WO Upgrading — U
% ° ° RI Research
TOPSOE . Circlia = | Institutes
@ﬂ“ NORDIC SE of Sweden

~ y EES
solis || 5 very | | v

e W7

T Starting: Jan 2023

Duration: 4 years

Bioenergi til hele verden, Copenhagen, 22 January 2025 @
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Research projects: COCPIT
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* Lipids =. !

o - VFA HEFA
By-products extraction
— [

Gazoline

Microalgae
strain
Parachlorella
kessleri

Semi-transparent
photovoltaic
photobiorecactors

HTL pathway ))

,\q ous

HTL reactor - ]
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Two-step Dark
Fermentation

Bmcmde Biocrude

upgrading
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Shipping fuel

A

{ Mild upgrading I

$ i3 Techno-economic evaluation, LCA, SLCA

@+

COCPIT decision tool

E Marketplace

Funded by
the European Union

-
COCPIT

4 nd

IMT Atlantique
Bretagne-Pays de la Loire
Ecole Mines-Télécom

LEITAT

managing technologies

.
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™ HELLENIQ

ENERGY

UNIVERSITAT ROVIRA i VIRGILI

wings.

I Nantes
DLR W Université
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Outlook 2

* |EA Bioenergy Task 34: positive networking opportunity

* Denmark is one of the leading countries in DTL

* Great attention to the hard-to-abate sectors: aviation and marine
* Marine fuels: an achievable goal

* The importance of certification for produced fuels

oW Gy,
"(0% ((&f Bioenergi til hele verden, Copenhagen, 22 January 2025 * %_Q:,
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THANK YOU FOR YOUR ATTENTION!

DAC@ENERGY.AAU.DK

«

AALBORG UNIVERSITY
DENMARK
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