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DEMO 2 overview

1. Located in Spain (Aragon region).

2. Wine factory with more of 1000 hectares of grape crops.

3. DEMO will target CH, production (Power plant and or Road transport).
4. CO, will be taken from fermentation process.

5. H,is currently produced by on-site electrolyzer (500L/h).

6. TRL initial 5 - Final 7.
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Aim of DEMO 2

* To utilize the captured CO, from the wine
fermentation process, combined with green
H,, as feedstock for a methanation process

& —> CO: \
that produces CH, by the Sabatier reaction. : :
Wine fermentation CO; capture
 This is achieved using novel nickel-based &
catalysts. :
_ / 71 BN

« The CO, will be separated, purified from the Ceactor with Methane
fermentation gas, and stored for later use in Ni-based
the methanation process, where it will be clectrolyzer catalyst
converted into CH,.

« The CO, generated during wine fermentation Sabatier reaction
is carbon-neutral, matching the amount CO, + 4H, +— CH, + 2H,0
absorbed by the vines through
photosynthesis. AH? = —165,1 k] mol™?
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Project Partners and DEMO targets

* ViAas del Vero (VdV): Host site; provider of CO, and H, feedstock.
* CIRCE: Responsible for methanation process development and integration.

* URYV (University Rovira i Virgili): Development of catalysts and methanation reactor.
DEMO TARGETS

vea, * H, production: 500 L/h, 99.94%
, Road transport | purity, 30 bar pressure.

" fuel
ig « CH, production: 2.2 kg/day —

780 kglyear.
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Grapes SRR S aytr e ) = 3.4 « CO, utilization: 0.4% of
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CO, capture unit
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Catalyst tests and first results

Base: 100 _
Synthesized Ni-based catalyst (Ni-based) — 100-200 um particles.

Promoted catalysts:

o0
o

- Promoter 1 — Ni-Prom1

- Promoter 2 — Ni-Prom2

()]
o

- Promoter 3 — Ni-Prom3
Goal:

CO, conversion (%)

Increase stability and resistance to sintering and coking. 40 I
e . i @— Ni-based
Conditions: [ NLProm 1
P=1atm 20 —a&— Ni-Prom2
_ . - —w— Ni-Prom3
H,:CO, molar ratio = 4 Equilibrium
CO, weight hourly space velocity (WHSV) = 0.54 molcg, g, h™ 0 i i
o L -
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Testing modified NiProm3 catalyst

An additional catalyst was prepared and tested by adding

another material as a second promoter to the Ni-Prom3 (Lo[o N =L
catalyst (NiProm3-Modified). i 1
Conditions: - 1
\E 80 I ”’;____._.---' —

P=1atm o - // :
H,:CO, molar ratio = 4 5 i ¢y ]
WHSV = 0.54 molagygoy ! 2 / )
Results E I v T
= i ]

« Slight improvement, mainly above 300 °C. Q 40 0/ .
* No significant advantage and more complex — Not o /4 -
selected. 8 0 [ ’/ —¥— NiProm3 )

I /4 —@— NiProm3-Modified .
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Lifetime Test with Real Winery CO,,

Extended evaluation for the NiProm3 for matching real

reaction conditions.

Conditions:
P=1atm
T =300 °C

H,:CO, molar ratio = 4
WHSV = 0.18 molcg,geq ' -h?

Feed = CO, from white and red wine fermentation.

Results:

* Initial conversion = 85 %, stabilized at 80 % after 250 h.

» Total time on stream = 1000 h (= 41 days)

« High stability and CH, selectivity.

« Performance was similar when switching from white to
red wine CO,, demonstrating robustness to feedstock

variations.

FUELPHORIA

fo2}
O

3 LR N SR T L T T T T T T T 5
- ]
[ cB. ]
[ S—— — P ]
Xco2
CO, from white wine fermentation CO, from red wine fermentation ]
r mGC column regeneration Change of CO; source mGC computer crashed during the weekend ]
for CO separation 5:;2':’:‘:822?:;30 -G Gas composition not measured i ]
2 4
PR . 1 Loe o naasay 1 A e | " 1 L | i PP PR ala o0 0y 17
T =TT T T T '—: 0.006
- —CH, 10.005
z —= e —— o
[ gr= = i 0004 i
2 2 >
s ] 0.003 -
L sl Jo.002 X
—CO, ]
[omtmm—— ST O f— —y 10.001
t & € Csz—> ]
B o st 1 1 1 . L 1 Lis 1 1 i |': 0.000
0 100 200 300 400 500 600 700 800 900 1000
Time (h)
NiProm3 confirmed as DEMO 2 catalyst
9



From Powder to Reactor Pellets

Coprecipitation method produces fine powder (<1 mm) — Unsuitable for fixed-bed reactor.
Two routes explored to increase particle size:

1. Impregnation on commercial particles 2. Pelletization by cold pressing the NiProm3 precursor

FUELPHORIA
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Impregnation on commercial particles

Two samples were synthesized:
* Ni-based-pellet 100_—"""""""""""""""'-_
* NiProm3-pellet

[ —— Equilibrium

Conditions: 80 - —@— 0,216, NiProm3-pellet _
- —A— (216, Ni-based-pellet =~ :
P - 1 atm . 'D.216, NI—bESEd .I__.f'f '

" —¥— 0,540, Ni-based

h
O
|
(-
o
}
|

H,:CO, molar ratio = 4

Results:

B
(]
—

« Large particles (1/8”) limited by diffusion — Lower conversion.

CO, conversion (%)

\
\

 The NiProm3-pellet catalyst showed deactivation above 400 °C.
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This is not the optimal solution for the DEMO reactor.




Pelletized Catalyst Performance

Pellets of cold NiProm3: cylindrical 3 mm x 2.5 mm.

Good mechanical integrity after calcination. opiks ]
[ CB
Conditions: S x
a). 60: CO2
P =1 atm o
§ 40}
T =360 °C X 20
H,:CO, molar ratio = 4 -9 : :
WHSV = 0.027 molgpy Ges ! -h OSP bl
>?o.4 e  CH
Results: sl '
» 82 % conversion, stable after 90 h (almost 4 days). 50-2 ﬁ ;: E
« High CH, selectivity — Suitable for DEMO 2 reactor. z; E_'L — CO,
b TR T T s IO O O O .
Time (h)
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Methanation unit - 0verview

Reactor prototype commissioned
for DEMO 2

« Leak-tightness of the full line
successfully verified

« Catalyst activation performed
during the initial heat-up phase

« System start-up completed
under controlled pressure and
temperature

» First temperature and
conversion profiles obtained
using real winery CO,

FUELPHORIA

4
o N

OO N

i
‘u

R

UK N N

|

l|||l.l‘l.l.l‘l‘l.l.l.t.

13



Methanation unit - Overview
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Condenser
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First test during start-up

Conditions

Feed

H, flowrate = 0.027 kg/h
CO, flowrate = 0.130 kg/h
H,/CO,=4.57

Temperature
T =200 °C

Furnace

Pressure
P =7 bar

FUELPHORIA
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Next steps and improvements

« The demo aims to perform long-term lifetime tests of the catalyst under industrial conditions. The
system will operate with a stoichiometric CO,/H, feed, maintaining temperatures below 500 °C and
working pressures between 5 and 10 bar.

 Further optimization of the reactor thermal control to ensure a more uniform temperature
distribution during long-term operation.

« Validation of the numerical reactor model by comparing predicted and measured temperature and
composition profiles in upcoming test campaigns.

FUELPHORIA
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About FUELPHORIA Get in touch

FUELPHORIA is an EU-funded Innovation Action project Sergio Iglesias, CIRCE — Centro Tecnoldgico
working to establish sustainable, competitive, and secure value FUELPHORIA DEMO 2 Leader

chains for advanced biofuels and renewable fuels of non- _ _ _

biological origin. siglesias@fcirce.es

Coordinated by CERTH, the project will set up and test a . .
portfolio of 9 complete value chains in Belgium, Greece, and Kostis Atsonios, CERTH
Spain. FUELPHORIA Project Coordinator

Project partners will also evaluate the environmental atsonios@certh.gr
performance of the FUELPHORIA renewable fuels, design
innovative business models to prepare their market entry, and

. . |
explore their export potential through collaboration with Africa PR e, (oo BNz

FUELPHORIA Communication Manager
p.valmassoi@greenovate-europe.eu
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Thank you for your attention
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