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Company
introduction

As a technology provider and product leader we are
committed to the commercial deployment of our fast
pyrolysis technology

Over 15-year experience in pyrolysis conversion technology,
operating pyrolysis plants and developing applications

Explicitly made from biomass residues which is known as
second generation (2G) or advanced biofuel which means
that it does not compete with the food chain and does not
cause indirect change of land use.

Thermochemical decomposition of biomass residues through
rapid heating (450-600 °C) in absence of oxygen

Different types of biomass residues can be converted into
homogeneous energy carrier: Fast Pyrolysis Bio Oil (FPBO)
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Our company history & milestones

1987

Biomass Technology BTG Bioliquids Start-up of first
Group (BTG) starts as is established commercial fast
a spin-off from the by BTG pyrolysis plant

2008 2015

University of Twente (Empyro) in The

Netherlands
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2021

GFN plantin
Finland and
Pyrocell plant in
Sweden in
operation

2023 2024

Standardisation Start
of modular development
design pyrolysis fractionation

plant unit
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Proven technology
means less risk

O Over 150.000 tonnes of FPBO produced at three sites

O Lessons learnt from the first Empyro plant in ‘own backyard’
helped optimising the technology and operational processes
to increase overall plant performance

O Performance of GFN and Pyrocell plants confirm technology
is now ready for full-scale commercial roll-out

O Modular construction process using experienced
construction partners

O Bank loans possible with export credit guarantee from
Atradius, backed by Dutch Government
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Operational since:
Biomass feedstock:
Biomass input:
FPBO output:

Co-refining FPBO in a
commercial refinery
P started in 2021 at
é—k Preem'’s Lieksa refinery

2021
Sawmill dust

36k tons
24k tons Q

Operational since:
Biomass feedstock:

Biomass input:
FPBO output:

2015

Wood residue
36k tons

24k tons

J

© |
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Green Fuel Nordic
Lieksa, Finland

Operational since: 2020
Biomass feedstock: ~ Sawmill dust
Biomass input: 36k tons
FPBO output: 24k tons
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FPBO Fractionation

Wood Vinegar (45%)

O Aqueous extractant (water) is added to the FPBO causing
separation between water soluble fraction (wet pyrolytic
sugars) and water non-soluble fraction (liquid pyrolytic

lignin
9 ) Pyrolytic Sugars
+ extractant
O Water is may be removed from the wet sugars to produce T
concentrated pyrolytic sugars. Part of the removed water

(with light organics) may be recycled. Phenols (9%)

O The liquid pyrolytic lignin can be further processed to
produce solid pyrolytic lignin together with light phenolics

Pyrolytic Lignin

O Project schedule.

Liquid Pyrolytic Solid Pyrolytic Li
Lignin (33%) (24%)
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Two main high-added value fractions

(Solid) Pyrolytic Lignin

In pyrolysis the long lignin polymers are
cracked (partly depolymerized) into:

U Phenolic monomers
O Phenolic oligomers
U Phenolic polymers

* The pyrolytic lignin is a highly viscous liquid

*  Mineral free

* Relative low Mw

* Soluble in many solvents

* More reactive than other lignin's (natural, kraft,
etc.), but less reactive than phenol

(Fraction: max. 30 wt% of FPBO)

Heavy PL fraction

Pyrolytic Lignin  Solid Pyrolytic Lignin

C(wt%) 53.9 68.4
H (wt%) 7.2 6.2
N (%) 05 0
H20 (wt%) 10-15
TCN (mg BuO/g)' 8.8
TAN (mg KOH/g)? 25.5 -
CR (wt%)* 30.1 378
SP (*C) " 130
MP (°C) s 160
Mw (g/mole) 8374 1309¢

T TCN = Total Carbonyl Number, calculated in mg
butanone/g sample. 2: TAN = Total Acid Number, calculated
in mg KOH/g sample. % CR = Carbon Residue. *: Mw Kraft
lignin = 1000-8000 g/mole.

Monomeric PL mainly: Guaiacols, alkylphenols,
cyclohexanols, etc.

Pyrolytic Sugars

U In pyrolysis cellulose and hemicellulose polymers
are cracked into:

= Sugar monomers (e.g. levoglucosan)

= Sugar oligomers (e.g. cellobiosan)

= Sugar polymers

U Pyrolytic sugar used as aqueous solution (incl. acid, ketones
etc) or further concentrated to a syrup.

U Properties
= Water content 4 - 65 wt%

= Mineral free

(Fraction: max. 40 wt% of FPBO)

Levoglucosan from FPBO
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Pyrolytic bioMSAR Multi-phase Superfine AtoTised Reiidue

il phase and 10-20% finer Pre-atomis Typical
Water phase than HFO droplets feedstock

O BTG Bioliquids and Quadrise PLC are working
on developing a Low Carbon Marine Fuel: I\ iR
&

bioMSAR™, combines Quadrise’s proprietary
emulsification technology and BTG Bioliquids’
fast pyrolysis and fractionation technology

O bioMSAR™ is a low viscosity oil-in-water < :
emulsified synthetic biofuel consisting for up to »
40% out of bio components such as pyrolytic CRUDEOIL

sugars produced by BTG Bioliquids

W
\

> |

GLYCERINE BIOFUELeg.
" RENEWABLE
CLYCERINE
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MSAR® / bioMSAR — a lower cost and emission marine

fuel pathway to net zero

30% Water
(incl. < 1% additives)

L g

MSAR

30% Distillates

HEAVY
FUEL
OIL

70% Residuals 70% Residuals

10% Water
(incl. < 1% additives)

sicMSA R

10% Water
(incl. <1% additives)

sioMSAR

40-50%
Biofuel

40-50%

Residuals 90% Biofuel

Increasing environmental benefits from our solutions

MSAR?® oil-in-water emulsion
technology blends residual
oils, water and additives to
make a lower cost synthetic
fuel oil that's more efficient.

Conventional Heavy Fuel Oil
(HFO) incorporates valuable
distillates to achieve
required viscosity.

(High or very low sulphur)
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bioMSAR™ Zero aims to
replace the hydrocarbon
components with zero
carbon substitutes.

bioMSAR™ is the renewable
biofuel version of MSAR®
incorporating sustainable
components such as waste-
based glycerine.

(Glycerine can be supplemented with pyrolysis sugars, methyl esters, etc)
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Positioning bioMSAR as a clean & cheap B24/30
biofuel

; . i
O Achieving similar GHG reduction compared to Europe alternative marine fuels + CO2 cost, S/t VLSFOe, March 2024

B24/B30 NW Europe ammonia, green 2,776
NW Europe bio-methanol IEEEEEEEEEE———— 2 422
O bioMSAR™ burns cleanly in a ship's engine producing NW Europe ammonia, blue 1548
less soot, less NOx*, less CO and at higher efficiencies
(less CO2) NW Europe B100 (advanced Fame)* I 1,158
NW Europe ammonia, grey . 059
O bioMSAR™ readily disperses in water, making it NW Europe B30 (VLSFO and Ucome)* =1 970
less harmful to aquatic life if spilled W Mediterranean B24 (VLSFO and Ucome)* I 944
NW Europe B30 (VLSFO and advanced Fame)* I 918
O An alternative to limited UCO & FAME supply NW Europe methanol, grey I 890
W Mediterranean VLSFO I 218
NW Europe VLSFO I 777
NW Europe LNG on barge N 600
NW Europe LNG on truck I 510
Source: Argus Marine Fuels 0 400 800 1,200 1,600 2,000 2,400 2,800 3,200

5 : :
S/t outright price Wspot price W year 2024 + 40%CO2 W year 2025 + 70% CO2 M year 2026 + 100% CO2
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Overview of upcoming EU maritime regulations

bioliquids

2023

EU ETS

Carbon price

FuelEU
Maritime

IMO & MARPOL

reached €100/1C0O2
2024 40% of EU Carbon Intensity Indicator
maritime emissions (Cll) reporting
2025 70% of EU 2% GHG cutvs 0.1% Sulfur limit in the
maritime emissions 2020 baseline Mediterranean
100% of EU
2026 . ..
maritime emissions
Global GHG standards &
2027 L. .
carbon pricing mechanism
2028
Total ban on heavy fuel oil
2029 . .
in the Arctic
2030 55% CO2 emissions 6% GHG cutvs 20-30% GHG cutvs 2008

vs 2020 baseline

2020 baseline

baseline
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