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Relevant steps in ATJ
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Main TECHNOLOGICAL BARRIERS towards market

FEEDSTOCK PRETREATMENT CONVERSION UPGRADING

Sugar production
from lignocellulosics
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dependent

High costs of
enzymes

Inhibitory
compounds
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Objectives

+» Extract relevant biomass C5 and C6 fractions for conversion into
isobutanol

*»» Develop an optimized yeast for the direct conversion of cellulose and
C5 and C6 sugars into isobutanol

** Couple an in-situ isobutanol removal system via pervaporation
membranes with a fermentation bioreactor

** Integrate catalytic steps to reduce CAPEX to reach SAF-range
hydrocarbons

+**Validate the final SAF product
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ADVANCES in ICARUS

Slurry - .
CInEN g Pretreatment Eameard Coupled SSF for C; + C; In-situ alc.ohol —> [ EI R el LR ] —> Certified
separation SAF 2G

Used medium ASTM D7566
A Annex A5
¥ Enzyme + yeast O — ISOBUTANOL A
Separate €5+ C6 pul ‘
solids i
+ lignin i
!
1
i
t
B - i
| SSF )1
(K m\) i
TNO :
g =4 1 N
ke \ = : i ?V Pervaporation Vaccum
NovelYeast i : i Oo—
armanta zabal zazu L.; i | |
S NSTN]
o9
sineg

EHU



What competition do we have?
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Company / Feedstock & Intermediate Irﬁcl::'(r)nhe(::lli;t Separation / Uparading to SAF
Technology pretreatment |production technology o recovery P9 9
i 1G crops (corn, : Conventional | Two-step catalysis +
gevo etc.) Fermentation (ethanol) R distillation branching to SAF
Off-gas streams or : : :
. Gas fermentation Conventional | Two-step catalysis +
LANZAJE" blqmas_s (ethanol) S distillation branching to SAF
gasification
> 2G biomass Integrated fractionation Ethanol Conventional | Two-step catalysis +
C (wood residues) |+ fermentation (ethanol) distillation branching to SAF
N7 Global 1G / 2G suqars Gas-Fermentation Isol(o\t/Ji’;ene Not required | Oligomerisation and
Q,Zene?gizs 9 (engineered) fermentation) (gas product) |branching not needed
AIC CO, + green H, No alcohol , Fischer—Tropsch
INERATEC (PtL) RWGS + FT (syngas) intermediate Not aplicable to SAF
. : Membrane 1-step isobutanol to-
“"'::}Caru S e blorgaGS)s e Fermentation (2G yeast)| Isobutanol | recovery (in- | SAF. Branching not
situ) needed
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Optimized yeast for lignocellulosic biomass - isobutanol "’) carus

Sorghum C5 fraction Sunn hemp C5 fraction
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Lignocellulosic ~ Pretreatment Engineered = IMD1.2
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20 Xylose
Improved sugar utilisation and enzyme secretion.

Further improvement of xylose conversion is needed. Key fermentation performance (IMD5)
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Used medium
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Removal to preserve isobutanol productivity = advantages vs. ethanol
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Pervaporation

Key pervaporation results (PDMS membrane)

>88% >344gh 688  >6h

g/mZ.h Stable
Isobutanol  Initial removal 2 operation
removal yield rate Initial flux 32°C
26 mbar

Performance with real fermentation broth
Isobutanol concentration (g/L) after 1 h 40 min

Stream Isobutanol (g/L) e Pervaporate also
Initial feed 16.0 contained ~6 g/L
Retentate 0 Stienol .

e Sugars remain
Pervaporate 726 in the retentate

Phase 1

Phase 2




Improved isobutanol conversion to SAF = ASTM validated
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Overall process chain and main achievements

3 Engineered '\ Pervaporation Une-step
yeast(IMDS) /  (ISPR) it SAF

16.4g/L 1B >88% C1o-Cig
0.24 g/L-h removal yield hydrocarbons
59% vyield 100 L compatible  (>80% selectivity)

S

Next development steps

* Improve xylose conversion and overall yeast productivity
 Long-term continuous ISPR operation and further scale-up
* Improve catalyst stability and reach TRL5 performance

* Integrate and industrialise into a robust SAF process
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REFINARIA DE SINES ISOAEC 17025

LABORATORIO Relatério de Ensaios NO. DE SERIE: EEET;%

DATA DE EMISSAO: 15/03/2026
DATA DE RECEPCAO: 15/03/2026

Nome do Cliente: Centro de Investigacdo

Endereco: Refinaria de Sines - Edificio Planta Piloto
Produto: Keroseno Numero de Lote: Ensayo 37
No. Amostragem: LB-0721/26 Data de Colheita:
Origem: Unidade Piloto
Mo Iﬂtﬂl‘l‘l(‘ LoC. Meétodo Componente Unidades Resultado u Data
1760174 IF'ONTUAL ASTM D7153-22ael Ponto de Congelacio °C <-80.0 (L.Q.) 033 15/03/2026
1760174 IF'ONTUAL ASTM D7345-17 . °C 112.2 £3.5 15/03/2026
1760174 IF'DNTUAL ASTM D7345-17 5% Recuperado = 138.3 1% 15/03/2026
1760174 IF'ONTUAL ASTM D7345-17 10% Recuperado °c 144.2 1% 15/03/2026
e IPONTUAL ASTM D7345-17 20% Recuperado °c 155.4 it 15/03/2026
1760174 IF'ONTUAL ASTM D7345-17 30% Recuperado ac 170.2 1% 15/03/2026
1760174 IF'ONTUAL ASTM D7345-17 40% Recuperado °c 178.8 1% 15/03/2026
R e e — - — —— ASTM D7566Annex A5
1760174 IF'ONTUAL ASTM D7345-17 50% Recuperade °c 186.7 1% 15/03/2026 ATJ 'S P K (AI Cco h (0] I ‘tO‘J et
1760174 IF'ONTUAL ASTM D7345-17 65% Recuperado °c 188.6 - 15/03/2026 Synt h etiC Pa ra ffl n | C Ke rosen e)
e IPONTUAL ASTM D7345-17 70% Recuperado °c 190.3 it 15/03/2026
1760174 IF'ONTUAL ASTM D7345-17 50% Recuperado ac 197.2 1% 15/03/2026
1760174 IF'ONTUAL ASTM D7325-17 55% Recuperado aC 202.6 - 15/03/2026
1760174 IF'ONTUAL ASTM D7345-17 90% Recuperado aC 220.0 *1% 15/03/2026
1760174 IF'DNTUAL ASTM D7345-17 95% Recuperado oC 242.0 o 15/03/2026
1760174 IF'ONTUAL ASTM D7325-17 FEP aC 265.5 *28 15/03/2026
1760174 IF'ONTUAL ASTM D7325-17 % Recuperado Fo(viv) 2a.1 15/03/2026
1760174 IF'DNTUAL ASTM D7345-17 50 Residuo o[wiv) 1.4 - 15/03/2026
1760174 IF'ONTUAL ASTM D7325-17 o Perdas %(viv} 0.6 - 15/03/2026
1760174 IF'ONTUAL ASTM D7345-17 o Rec. 2500C 3o(viv) 96.5 - 15/03/2026




How can this technology be implemented? «karus

0 Centralized e Decentralized Alcohol 9 Distributed Small-Scale
Production + Centralized SAF SAF Production

Biomass Biomass

Biomass Biomass Biomass

i |
i Local Alcohol
Production

Alcohol
Transport
Large Central Facility
(Biomass — SAF)
Central SAF
Facility

(Alcohol — SAF)
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