)
S
Bi'C Fuel

Bio Methanol Production via Chemical Looping Gasification
Coupled with Membrane Reactors

Chemical Looping Gasification process at Bio-
MegaFuel

Winter School on “Gasification & Membrane reactors”
Eindhoven 25-26 February 2026

Francisco Garcia Labiano (CSIC)

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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CSlC Spanish National Research Council

1 st public research body in Spain,
3"in Europe, 6™ in the world

+16000 persons in research

121 research Institutes

@b .

INSTITUTO
CARBOQUIMICA

Covers all the areas of the research

Society Life Matter

Funded by “CcSsiICc 1

"
the European Union
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CSIC Spanish National Research Council

("cb

10

Staff researcher

7
PhD student

3

Technician

INSTITUTO DE
CARBOQUIMICA

Dr. Francisco Garcia

Dr. Luis F. de Diego

Dra. Pilar Gayan

Dr. Alberto Abad

Dra. M2 Teresa lzquierdo
Dra. Teresa Mendiara
Dr. Arturo Cabello

Dra. Margarita Obras

Dr. DaoFeng Mei

. Oscar Condori

. Yldenei Silva
Alberto Garcia

. Amir Filsouff
Javier Gonzalez
Laura Garcia

. Jose Ignacio
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D. Jorge Saez
DfAa. Melanie Estevez
Dna. Cristina Lujan

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

COMBUSTION &
GASIFICATION

GROUP

Senior scientific researcher
Scientific Professor

Senior scientific researcher
Senior scientific researcher
Senior scientific researcher
Senior scientific researcher
Senior scientific researcher

Combustion & Gasification
Research Group funded in 1987

- Head of research group

Funded by
the European Union
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Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

containing S compounds

500 h continuous operation

CSIC-ICB milestones on Chemical Looping

2000 h continuous operation
Special mention to the use of fuels

MILESTONES ‘ Long term operation (200 h)

with  Cu-based  oxygen
carriers at 10 kW,;, scale

First successful CLC operation
| with sour gas (H,S) using Fe-
based oxygen carriers

2000

2005 2010 2015 2020 2025

First successful CLC operation
\with solid sulfur

»  +2000 h continuous operation
Combustion and Gasification

MILESTONES |
First CLR operation with
‘ bioliquids in a continuous unit NEGATIVEED,
2000 2005 2010 2015 2020 2025
First CLC operation with|
bioliquids in a continuous unit HESTIESD
MILESTONES

First CLG operation with
oxygen supply control in AR |

Proof of concept of
CLOU in fluidized beds

2000 2005 2010

First blomass-fuel!ed CLou L. NEGATIVECO,
in a continuous unit |

2015 2020 2025

Funded by
the European Union
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co,

H,0

o fuel

® metal

® oxygen
® nitrogen
e CO,
®H,0

Winter School on “Gasification & Membrane Reactors”

Eindhoven 25-26 February 2026

Chemical Looping Combustion

OXYGEN
CARRIER

co,

DEPLETED
AIR &

FUEL
REACTOR

' Reduced
y  OXYGEN
CARRIER

AIR FUEL

Funded by
the European Union

FUEL REACTOR:

OC+Fuel ™% Reduced OC +CO,+H,0  AH,
AIR REACTOR:

Reduced OC+0, ™  OC AH,

Fuel + O, == CO,+2H,0 AH_=AH+AH,

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
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BioFlex-CLC project

Flexible Chemical Looping Combustion for combined heat and
power production from biogenic residues with negative emisions

io—FIex

\CLC

Grant agreement ID: 101147737

Funding Program: HORIZON Europe S

Granting Authority: European Union

Call Topic: Development of near zero-emission biomass heat and/or CHP including carbon capture
(HORIZON-CL5- 2023-D3-02-01)

Starting Date: 15t June 2024

Duration: 48 months
Project Funding: € 3,948,500.00
Coordinator: RISE Research Institutes of Sweden

Winter School on “Gasification & Membrane Reactors” Funded by
Eindhoven 25-26 February 2026 - the European Union CSIC 8




® The concept is based on dual Circulating Fluidized Bed (CFB) reactors, which can operate in Chemical Looping
Combustion (CLC) mode while both reactors are in use or switch to conventional CFB operation when only one

reactor is in use.

BioFlex-CLC project

Operating in CLC mode enables combined heat & power (CHP) production with negative emissions at low-cost while

the concept is flexible to switch to CFB boiler mode to produce CHP with net-zero emissions.

Flue gas i

o R
Xygen post-oxidation

Operating in CLC mode

Flue gas treatment and
CO, liquefaction

chamber

oc

Fuel
reactor
Biogenicresidues
and Waste
 —

ocC

I Steam/CO,

N, (+0;)

CO, for storage

Heat

Air
reactor

e+ Generator

—

[ ar

—_—
Electricity

Winter School on “Gasification & Membrane Reactors”

Eindhoven 25-26 February 2026

Operating in CFB mode
Flue gas
Flue gas treatment
(T T T T T
In stand by mode :
]
 post-oxidation !
1 Flue gas
]
; Heat
1
1
1
1
Fuel 1 Air . .
reactor ! reactor = Generator ———
: Biogenic residues Electricity
1 and Waste
1 —
]
1
---------- ! I Air
Funded by

the European Union
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Simona Scoppa
Text Box


Outline Biﬁ%@@@hel

“* CHEMICAL LOOPING GASIFICATION PROCESS
¢ EXPERIENCE ON CLG (CLARA PROIJECT)

% CSIC

“* TUDA
“* BIOMEGAFUEL PROJECT

Winter School on “Gasification & Membrane Reactors” Funded by
Eindhoven 25-26 February 2026 - the European Union S8 C s lc 8
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Process

Bi'C )MeGaFuel
Gasification technologies

Autothermal

Oxy-Gasification Chemical looping gasification

Indirect gasification

H,, CO, CO,, H,0... N, CO,  H,, CO, CO,, H,O0.. N H,, CO, CO,, H,0...
( ) ( ) ( A ( ) MeO ( < )
. . InertI i § 5
2 Feed [ Heat 2 Feed s Heat ® Feed
S 2 c S o O
© © - -
= S [« ©° I |e— g
Inert Me L

{

Air

T
o

Air

S
T
N
o
T
o

- Air separation needed
+ All carbon is syngas

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

+ Air separation not needed
- Carbon in off-gas

Funded by
the European Union

+ Air separation not needed
+ All carbon in syngas

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS



Process

Bi'C )MeGaFuel
Chemical Looping Gasification

Depleted air

(No CO,) e )
** A high quality non-N, diluted syngas is obtained
2);:/52: ‘/__\ “*  Autothermal process
] “*  ASU is not required; improved process economy
Air Cacitior * CO, concentrqte.d in syngas. Negative CO, emissions
reactor can be reached if CCS

2:\:52? Biogenic “*  Reduced tar formation, less syngas cleaning
‘ < residues/waste “*  Less corrosion in heat exchangers (located in AR)

5 % Possibility to obtain pure N, at the AR outlet

Air Steam 1

Challenge: Limit oxygen transport to achieve high H,+CO yield,
while maintaining high heat transfer to sustain endothermic gasification

ot CSIC 10
th e E u ro pea n U n ion 'CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
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Process

Bi"O ) MeGaFuel
Chemical Looping Gasification

Gasifier- Fuel reactor H,0

-,

o

Drying and devolatilization: TTTTTTfm T “"“S"“

Biomass — H,0 + Volatile matter + Char Oxygen

carrier

*,
"‘

Char gasification with H,O and/or CO,: Volatiles

Char + H,O0 — H,+CO H,
Char +CO, — 2 CO ( -
% Oxidation of SOME of volatiles and gasification Bi i
products by the oxygen carrier WITASS . H,0

\I/_lozlaiilgso + Me, Oy, — Me,O,; + H,0 + CO, 1 T T 1 1 1 T 1 1 T

Water gas shift equilibrium

CO+H,0 — CO,+H, H,0 and/or CO,

*
..0

Funded by
the European Union
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Process

Bi"( ) )MeGaFuel
Chemical Looping Gasification

Air Reactor

« Char combustion: .
Char Oxy-gen
carrier
C + 02 —> COZ
] e
N\ J

tretteees

Air (N2)

% Oxygen carrier oxidation:

Winter School on “Gasification & Membrane Reactors” Funded by R
. e
Eindhoven 25-26 February 2026 - the European Union 2 C S lc 12
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Process

Bi\ ) )MeGaFuel
Control of the oxygen to fuel ratio

60
—_ H,0
o\cf 50 - H,
©
Depleted air " Z co
Syngas 40 - 2
(No CO,) Variable F, yng c co

Oxygen “\ g 30 1

Carrier ) g 20 |
(&)
©

10 -
Air Heat o ° CH
reactor - Gasltier 0 — T " T
0.0 0.2 0.4 0.6 0.8 1.0
B Biogenic 0 to-fuel ratio. A
"~ Oxygen residues/waste xygen-to-iuet ratio,
—
Carrier
A Staam ] BY VARYING SOLIDS CIRCULATION RATE

o Produces big changes in temperature
Constant O, %

o Dilution of oxygen carrier is possible

Winter School on “Gasification & Membrane Reactors” Funded by
Eindhoven 25-26 February 2026 - the European Union 8! C s lc 13
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Process

Bi\ ) )MeGaFuel
Control of the oxygen to fuel ratio

autothermal
60
—~ H,0
X 50 ~N_H;
g
40 1 co,
5 co
N, Variable F, Syngas 2 30 |
I 20 4
I Oxygen [/ N\ é
| Carrier 8 10 |
| . 0 9H4 ! ‘ ‘
i ’ 0.0 0.2 0.4 0.6 0.8 1.0
Air eat - .
| Gasifier Oxygen-to-fuel ratio, A
tor | D
[ reac
[ Biogenic BY VARYING THE O, FED IN AR
! ~ Oxygen residues/waste o Allows operation at different AT and solid circulation
. D E—— .
: Carrier | ) rate (F.) with any OC.
1 o Allows production of pure N,
Air Steam

o Allows higher syngas yield at autothermal conditions
Constant O, %

Cl/a A 1kWw CSIC, 20 kW CSIC, 1 MW TUD

Winter School on “Gasification & Membrane Reactors” Funded by
; 14
Eindhoven 25-26 February 2026 - the European Union CSIC




Process

Bi'C )MeGaFuel
Operating parameters Performance evaluation
® Temperature, T ® Biomass conversion
® Steam to Biomass ratio, S/B X, = carbonin gase.s fr?m FR and AR
carbon in biomass
fl f st kg/h
B= owors ?am (ke/h) ® Carbon conversion efficiency (carbon capture in CLC)
flow of dry biomass (kg/h)

carbon converted to gas in the FR
Nee =

carbon in biomass
® Oxygen to biomass ratio, A

° .
A= oxygen fed in the AR (mol/h) Syngas yield

" oxygen needed for full biomass combustion (mol/h) - flow of H,+ CO from FR (mol/h)

biomass feeding rate (kg/h)
® Cold gas efficiency

_chemical energy in gases FR (ki/h)

g

energy in biomass (ki/h)

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

ot CSIC s
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Previous tests

CSIC experience on CLG

1.5 kW,, CLG 20 kW, CLG Frojects
N, (CO,) N, __, C0,+H,0 i‘ﬁ‘-’z %mi::;gm %

Al (Lara
p 1

(1]
r4
Q
F
(4]
q

¢

r

Air
Reactor

uel

:

Reactor

%

AN, N, H,0ICO, N,

Screw-feeder

H,0/N,
N

»

Winter School on “Gasification & Membrane Reactors
Eindhoven 25-26 February 2026

Funded by
the European Union
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Previous tests

CSIC experience on CLG

Unit Oxygen carrier Biomass Temperature Oxygen-to-fuel Steam-to-fuel  Gasification time
ratio (A) ratio at steady state
oC mol/mol kg /KEqrvbiomass h
1.5 kW,, lmenite i ioad el 0.15-0.5 0:02-4.d 55
— Pine wood 820 - 940 0.2 —05 0.05-0.6 40
Mn ore Pine wood 820 - 940 0.2-04 0.05-0.8 50
LD slag Pine woo.d, almond 820-940 0.2-05 0.05-0.8 60
shell, olive stone

Fel10Al Pine wood 820 - 940 02-05 0.05-0.6 34

Olive stone
Fe20Al Pine wood 820 -940 0.2-0.6 0.05-0.6 38
Fe25Al Pine Wood 820 - 940 0.2-05 0.6 31

Olive stone
Cul4Al e Wil 820 - 940 0.2-0.5 0.6 45

Olive stone
20 kW,  lmenite WSP-ad 800 -990 0.1-0.4 0.7 40
limenite PFR 890 -950 0.2-0.4 0.7 20
limenite TWSP-ad 850 -965 0.1-04 0.7 25

+ 400 h of CLG operation under steady state conditions.

Winter School on “Gasification & Membrane Reactors”

Eindhoven 25-26 February 2026

Funded by
the European Union

CSIC
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Previous tests

CSIC experience on CLG

1.5 kW,,, unit 20 kW, unit
— —_ —_ (o] —_
PS PS PS PS PS PS PS PS PFR  WSP TWSP 7\‘_ 03: T_930 ‘Cr S/B_OG
100% - - 1.8
- 1.5 W CO,
80% 1 m CO
=8 g m H
= r12g i
SZ 60% - = m CH,
ze =
S ®© - 093
2] .
§ & 40% - E PS= Pine sawdust
@2 - 06 WSP=Wheat Straw pellets
O3 % 7y PFR= Pine forest residue
© - 0.3 TWSP=Torrified Wheat Straw
0% - -0
Yy Fe Mg L Ro,  Reo Res. Cu, . . W
7 N . O e e Q & ) ) 70
g e ong St 04 “0q, <04, T34, ongg gy Sy

- Synthetic oxygen carriers exhibited higher syngas yield than mineral & wastes
- CH, (HCs) content is the main factor affecting syngas yield.

- Torrefaction improved gasification performance

f:: gsfoz‘{aon Union C s l C

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
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Previous tests

Cba ra Chemical Looping Gasification for Sustainable Production of Biofuels

H2020-No. 817841

~ . The aim of CLARA was to develop a new concept

r'\]ltc,)c\ész:(/)/lcslar:ﬁ;'g%g'zei/ for the production of biofuels based on chemical
looping gasification of biogenic residues,

ta Hefinery. through a Fischer-Tropsch process.

| "%

e

Treated . Pre-Treatment

Storage
Biomass _—o® (decentralized) 4

~ liquid
FT-crude

Industrial Wood Pellets
Commoditised & densified biogenic feedstock
Pine Forest Residue
Forestry residue
_Syngas Cleaning Yy wheat Stl'a.w
R - o8 e y Agricultural residue

Chemical Looping purified
‘Gasification Syngas

Funded by

TECHNISCHE
the European Union

UNIVERSITAT 19
DARMSTADT

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026




Previous tests

1 MW,, chemical looping pilot plant

Ji
=i

§§%qﬁ/; TECHNISCHE

Be/=) UNIVERSITAT
%~ DARMSTADT

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026
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Previous tests

1 MW, CLG pilot tests

Industrial Wood Pine Forest Wheat Straw

| l Pellets Residue
& . |
'If‘l » First BCLG autohermal operation 1 MW,
lmenite | VE ‘- > 40 days 24/7 testing (in 2022)
‘ IN » +400 h operation
_-_A ‘ » +75 tn of biomass used
» Increased from TRL4 to TRL5-TRL6

Funded by
the European Union

UNIVERSITAT 99

Winter School on “Gasification & Membrane Reactors”
- DARMSTADT
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Previous tests

Cold gas efficiency

Xcoar:
<0.15
<0.175
<0.2
<0.225
<0.25 <
~0.25 Pine Forest

Residue

* % % N ow

Energy in H,, CO, CH,

Energy in feedstock

0.157

0.1 ‘ ' ' '
0.1 0.2 0.3 04 0.5 0.6

Aarers [

Winter School on “Gasification & Membrane Reactors” TECHNISCHE
- UNIVERSITAT 95

DARMSTADT

Funded by
the European Union
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Process

0.25

0.20

0.15

0.10

Nm?® / kg-Fuel

0.05

0.00

Eindhoven 25-26 February 2026

Winter School on “Gasification & Membrane Reactors”
- Funded by

CLG Syngas Yield Biomass

Previous tests

Syngas Yield

B co MH2 WCcH4 [ C2H4

Pine Forest
Residue

UNIVERSITAT
DARMSTADT

the European Union
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Bi'{ )MeGaFuel

BiI'( )MeGaeFuel

Bio Methanol production via Chemical Looping Gasification
coupled with membrane reactors

Winter School on “Gasification & Membrane Reactors” Funded by A
Eindhoven 25-26 February 2026 - the European Union C s lc 24
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Bio-MeGaFuel

Bi'C )MeGaFuel

Project Overview

Grant agreement ID: 101147737
Funding Program: HORIZON Europe

*
*
*

Granting Authority: European Union

/ / \/ /
0‘0 0‘0 0’0 0‘0

Call Topic: Development of next generation advanced biofuel technologies
(HORIZON-CL5-2023-D3-02-07)

Starting Date: 1 September 2024

Duration: 4 years

Project Funding: € 3,797,326

Coordinator: RISE Research Institutes of Sweden

Website Linkedin

/7 / / /
0’0 0‘0 0‘0 0’0

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

o CSIC 25
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Bio-MeGaFuel
Bi' )MeGaFuel
Participants

** The Bio-MeGaFuel project has an expert consortium. It consists of 9
partners from 5 countries and includes:

)/

** Three Research Institutes:

< RISE Research Institutes of Sweden
< IVL Swedish Environmental Research Institute
% CSIC  The Spanish National Research Council

X/

+*  Two Universities:

** TUDA The Technical University of Darmstadt
% TU/e Eindhoven University of Technology

** Four Companies:

GIDARA Energy
Perpetual Next

1Cube

Blue World Technologies

) )
LS X4

3

%

/7
0’0

Funded by
the European Union

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026




Bio-MeGaFuel

Bi'C )MeGaFuel
Background and Motivation

** Why Biofuels production?

i
% Reduce dependence on fossil fuels.

¢ Critical to decarbonizing hard-to-abate sectors: aviation, shipping, heavy
transport.

+» Biofuel demand hit 170B liters in 2022, projected to rise to 400B liters by
2030 (IEA).

** Need for advanced technologies to convert low-value biogenic feedstocks.

||

+* |EA Target: 40% of biofuel from waste, residues, & non-food crops by 2030
(9% in 2021).

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

f:: ngoz‘{aon Union CCS l C 2
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Bio-MeGaFuel

Bi"O ) MeGaFuel
Background and Motivation

** Why Methanol ?

» Versatile: used in combustion engines, blended fuels, fuel cells, and
chemical feedstock.

i

Methanol

*» Biomethanol significantly lowers GHG emissions vs fossil methanol.

%* Maritime progress:

/

+* Stena Germanica: world’s 15t methanol-powered vessel - SOx
& particle emissions cut by 90%.

/

+* Maersk: first methanol-powered vessel launched.

>

D)

% Methanol in fuel cells: higher efficiency, easier storage vs hydrogen.

Winter School on “Gasification & Membrane Reactors” Funded by
Eindhoven 25-26 February 2026 - the European Union CSIC 8




Bio-MeGaFuel

Overall aim of this project:

Develop a novel efficient, and scalable process to convert low-value biogenic residues
and organic waste to biomethanol through chemical looping gasification coupled with
membrane reactors

Renewable
( \ hydrogen a N\
Depleted air
Membrane
(No CO,) Syngas Syngas . | reactor for
I "| cleaning methanol . "
a ~ synthesis Biomethanol
0oC
> . J
Air =
CLG T Gasifier co, B ° M 3 F I
ocC
* | Bogenic residues/waste
) - CONCEPT -

\ Air Steam

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

f:: ngo?;an Union C s l C
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Bio-MeGaFuel

Bi"( ) MeCaFuel
Bio-MeGaFuel - INNOVATIONS -

» Feedstock Flexibility: Utilizes diverse biogenic residues and wastes.

» Efficient Gasification using oxygen carriers for better syngas yield.

+* Advanced Methanol Synthesis with membrane reactor technology.

** Boosts the production yield by using green hydrogen for syngas conditioning (vs water-gas shift)

% Full Value Chain Process intensification and Integration from low-value biogenic waste to biomethanol.

Renewable
hydrogen

Depleted air

Membrane
(No CO,) Syngas Syngas reactor for |
I cleaning methanol )
= synthesis Biomethanol
oc =
Al Gasifier Co,

reactor

oc

Biogenic residues/waste

Air Steam |

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026
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Bio-MeGaFuel

Bi'Q ) )MeCaFuel

The Bio-MeGaFuel project value chain

Products Applications

Key component Development

Chemical Methanol
Looping Gasifier membrane

reactor

Process
model

TECHNSCHE
) UNRERSITAT
% DARMSTADT

GIRARA L
csic TU/e =550 TU/e &=

- csic

. s "
GIDARA g’; iyl . Sedos
ENERGY Arvawcn v satn
TECHNISCHE
UNNERSITAY
5 DARIASTADT w

| Process evaluation and optimization TEA, LCA, S-LCA Diss, Communication & Exploitation

Funded by
the European Union

31
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Bio-MeGaFuel

Methodology - d

+* 1: Developing gasification with oxygen carriers to maximize the conversion of
biogenic residues and wastes to syngas

Testing at least five different biogenic fuels including microalgae

Operate the 1 MW CLG pilot plant at TUDA in auto-thermal modes to gasify 50-70 tons
of biogenic residues (TRL 5)

80% gasifier cold gas efficiency

98% carbon conversion in gasifier

<10% of reactive ash species released in air reactor

7 R/
0’0 0‘0

R/ /7 7/
0‘0 0’0 0’0

+* 2: Developing membrane reactors for methanol synthesis

Demonstrate membranes at TRL5 in a standalone setup to produce biomethanol
Significantly increase the yield of biomethanol production from syngas by two-fold.
Separating unconverted biogenic CO,

/7 /7 /7
0’0 0’0 0’0

Winter School on “Gasification & Membrane Reactors” Funded by C S lc
Eindhoven 25-26 February 2026 the European Union




Bio-MeGaFuel

Bi'Q ) )MeCaFuel

GID. RN

geedstock selection

Biogenic residues Waste Wood Type B

Olive pits

Agricultural residues

Buckwheat pellets

Woody biomass and Spruce tree tops
forestry residues and branches

Algae Microalgae

Funded by
the European Union

Winter School on “Gasification & Membrane Reactors” - 33
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Moisture
Ash
Volatiles

Fixed carbon

C
H
N
S
O(by diff)

LHV (kJ/kg)

/

Winter School on “Gasification & Membrane Reactors”

Eindhoven 25-26 February 2026

1.7
74.2
17.3

46.3
5.5
1.1

0

38.6

16664

—__

—

Bio-MeGaFuel

0.4
74.9
17.4

47.8
5.3
0.3

0

38.9

17351

Funded by

the European Union

—

2.0
66.4
21.8

45.0
5.2
0.6

<0.1

37.5

16375

N

2.5
72.1
17.5

46.7
5.4
0.4

<0.1

37.0

16808

ONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

Bi’

MeGaFuel

ANALYSIS (wt.%) Waste Wood Buckwheat Spruce
Microalgae
Type B pellets branches

6.3
72.9
12.8

44.1
5.7
8.1
0.7

27.2

17635

34



Bio-MeGaFuel

Bi'Q ) )MeCaFuel
Oxygen carrier : lImenite

Calcined ilmenite

Particle size (microns)

Winter School on “Gasification & Membrane Reactors”

Eindhoven 25-26 February 2026

Funded by
the European Union

Fe,TiOq 54.7 wt.%
Fe,0; 11.2 wt.%
TiO, 28.6 wt.%
Fresh ilmenite from Titania, Norway. Inerts 5.5 wt.%
Calcination: 950 2eC in airfor2 h
Circulated 6 h at 800 2C in air
PROPERTIES
20 | - 100 Calcined
] ,/ i gg ilmenite
15 7 h 703 Particle size (um) 100-300
<3 ’I, - 60 g True density (kg/m3) 4100
2 10 : / I ig E Ro,iim (%) 4.0
2 /i L 30 § Porosity (%) 1.2
> 5 ] J' \ - 20 Crushing strength(N) 2.2
] ’ - 10 :
- ’ Fe,TiO
0 S N XRD (main species 2y
100 1000 ( P ) Fe,0;, TiO,

‘CSIC
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Bio-MeGaFuel

Bi;p MeGaFuel

20 kW, CLG unit at CSIC

Air React Fuel R

i i Paocor B s g o FR: turbulent fluidized bed
devices O Ug o .I _4 m/s
op Seal
‘ i Fuel Reactor
Air (FR)
Reactor nico,
(AR) Loop Seal Biomass
IL5-AF]
Secondary
air roadars
2
Winter School on “Gasification & Membrane Reactors” Funded by
Eindhoven 25-26 February 2026 - the European Union CSIC 46




Task 2.4. Small scale continuous CLG gasification tests

Operation in the 20 kW, unit
(Waste Wood Type B)

Concentrationdry, N, free (%)

Change from CLC to CLG

1
—_ 1
g !
c 1 1
L 157 1
= ] 1
o 1
€ g 1
S 10 I
Q ] 1
g 1
8 ;! :
5 E 1
1
] 1
0 : 1 r .
12:00 12:59 13:59 14:59
Time

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

900
750
600
L 450
300

i 150
CH, [

900
750
- 600
450
300

I 150

::l:l: g:?o?ay;an Union ﬁl% C S l C
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Bi

Temperaturein FR (°C)

Temperature in AR (°C)

WMeGeFuel
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Operation
in the 20 kW, unit
(Microalgae)

Test 4. 950°C, A=0.3, steam
Test 5. 950°C, A=0.4, steam
Test 6. 950°C, A=0.2, steam
Test 7. 900°C, A=0.3, steam
Test 8. 850°C, A=0.3, steam

Winter School on “Gasification & Membrane Reactors”
Eindhoven 25-26 February 2026

Concentration (%)

Concentrationdry, N, free (%)

Task 2.4. Small scale continuous CLG gasification tests

Bi®

WMeGaFuel

100.0
90.0 1 Teg [ 1,000 _
4 r (&)
80.0 r =
2700 1 [ 800 x
1 Test4  Test5 Test6 Test7 Test8 £
60.0 I o
] [ 600 =
50.0 i 2
- 5
300 1 2 : £
200 1 co MA - 200
10.0
] CH,
0.0 . . . . . . . . . —L o
824 923 1023 1123 1223 13223 1423 1523 1623 1723 1823
2.0 .
] 900
1 Tar L G
15 ] L 750 <
J r (-4
A <
L 600 <
1 I L
1.0 1 [ 2
1 : 450 s
S
I 3
] L 300 g
0.5 : [ |9
co, L 150
0.0 1 . . . . r-\..m.\ [T e m : Ly
824 923 1023 1123 1223 1323 1423 1523 1623 1723 1823
Time

Funded by

the European Union
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