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Open doors

Introduction by lvan Van de Cloot

Samuele Furfari, (chemical engineer, PhD, VUB) on

the hydrogen challenge

Floris Mackor (VP large industries Air Liquide) on hydrogen
opportunities

Panel Discussion
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Stichting Merito

e \Voor welvaart en welzijn
e F[eiten en de realiteit doen ertoe
e Rentmeesterschap

Merito wil visies en analyses brengen die het democratisch
debat voeden en ondersteunen. Omdat meer inzicht leidt tot
goed bestuur, meer welvaart en meer welzijn. yy
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Het event op 6 maart '24 toonde Merito dat er wel
degelijk redelijke meningsverschillen over
klimaatbeleid bestaan. KUL-professor Gerard Govers
bracht een visie die inging tegen het alarmisme en
een pleidooi om haalbaarheid in het verhaal te
brengen.

De Nederlandse deskundige Maarten van Andel
bestreed de illusie dat we op 26 jaar tijd zomaar

© maare 2025
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volledig kunnen omschakelen naar zonne-energie i oeeren SEmenT
of ons viervoudige energieverbruik per Comlorcuan e e, B gz
wereldburger kunnen handhaven zonder fossiele Cormicomn oo L,
brandstoffen. Van Andels had aanbevelingen inzake Gt Neerandie s .
het remmen van ons energieverbruik, met goede it s” ﬁ

technologie maar met name door ons eigen gedrag.



Eerder:

Laten we ook onzekerheid erkennen waar die
bestaat

Wees eerlijk: klimaatbeleid kost veel.

Er zijn heel zinvolle ingrepen mogelijk die ons
energieverbruik doen halveren, met goede
technologie en gedragsveranderingen.



Eerder (2):

e De markt en betaalbaarheid moeten criteria
blijven voor efficiént en innovatie. Duurzaamheid
veronderstelt betaalbaarheid en beschiklbaarheid.

e \Wat we nodig hebben: oplossingen die
verschillende doelstellingen verzoenen.

e NO REGRET maatregelen: die sowieso ook wijs zijn
voor bv. leefmilieu, levenskwaliteit.



Green Hydrogen MEQR?TO

VLAANDEREN IN EUROPA

Samuele Furfari
Chemical engineer, PhD, VUB



L%

™~ o 4 — | =gw}§
T # T AS’Q&\{:.;:\‘
Lol VERIT

= o Q's; b "

i

&
I

e ET e

Domain Solhof (Aartselaar) a debate about green
hydrogen with Samuele Furfari and Floris Mackor
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Why hydrogen is pushed by Germany

e = Average on 5 years

Craph 4: Solar and wind power generation and the price of
electricity on the 2nd of July 2023 in Germany
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Graph 1. Negative electricity prices occurences in Germany
during the last 5 years
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S. Furfari, and A. Clerici, “Green hydrogen: the crucial performance of inzos
electrolysers fed by variable and intermittent renewable electricity,” Eur. q
Phys. J. Plus (2021) 136:509, Mai 2021 https:/ /synertics.io /blog /126 /why-is-germany-s ESCP

eeing-more-frequent-negative-electricity-prices SAMUEL FURFARI RELSBEE



ANNIVERSARY

» »

J.B.S. Haldane, in full John Burdon Sanderson Haldane,
(born Nov. 5, 1892, Oxford, Oxfordshire, Eng.—died Dec. 1, 1964,
Bhubaneswar, India), British geneticist, biometrician,
physiologist, and popularizer of science who opened new paths of
research in population genetics and evolution
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https://www.britannica.com/place/Oxford-England
https://www.britannica.com/science/science
https://www.britannica.com/science/genetics
https://www.britannica.com/science/evolution-scientific-theory
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Commission of the European Communities
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OPENING SESSION: (from left to right) Dr. G. BEGHI, Dr. H. BARNERT, Mr. M. LEGRAND,
Dr. G. SCHUSTER, Dr. A. STRUB, Dr. G. IMARISIO




Modéle do wvoumuce Dodge alomemtée & [hpdrogine (de
I'Hydmgen Progross. Spring 1979, p. 17).
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Collaboration EU- Quebec

sk JC

Commissione delle Comunita europee

energia

PROGETTO PILOTA «<EUROPA-QUEBEC»

L'ldrogeno, un Vettore di Energia per un Sistema Energetico
Non Inquinante e Rinnovabile
Problemi e Prospettive del Trasporto Marittimo dell'ldrogeno

Rapporto
EUR 12620 IT
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CH,  GH,/LH,
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Fig.d Schems semplificato éei 3istemi

Hydrogenation
( H, storage)
+3H,
—> =)
— AH=205kJ/mol
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Dehydrogenation  Methylcyclohexane (MCH)
( H, generation)
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CH, +2 H,0—>4 1, +C0, AH = - 164.7 k!

H,0 (1) > H, + % 0, AH = -285.8 k

4x2858
164.7.4 5

ia thanks to its very
2ap gas price

* Leader in H:

* |eader in ammonia

* Leader in fertilizer escp N
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Delegated Regulation on Additionality

As already specified in the RED I, electricity counts as renewable if the renewable power plant and
the electrolyser® are co-located in the same installation or there is a direct connection between
them, and electricity from the grid is not used for electrolysis. Moreover, the renewable electricity
generator must not have come into operation more than 36 months before the electrolyser.
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Hydrogen, the inefficient green gas

Yearly plate production :
8 760 h x 6 MW = 52 560 MWh

23 % of time

2003 h

Electricity grid
12 018 MWh
—>

77 % oftime 6757h

2003 h
144 864 MWh—>|

12x6 MW

Electrolyser -H, — Storage

© Samuel Furfan

Fuel cells

Electricity grid
40 562 MWh

Efficiency : 28%

>




22 Cannibalisation euobserver

Electrolyser M, Electricity grid

Why hydrogen is no
magic solution for
Dans le cadre du plan de relance, de nombreux Etats membres de 'Union européenne ont EU Green Deal

I'intenrion de consarrer une partie des fonds pour les énergies renouvelables. Samuel Furfari

*LUTOPIE HYDROGENE"
L’hydrogéne cannibale

revient sur les investissements liés a |'hydrogene et sur ses conséquences pour le marché de
I"énergie.

%70 Comments 2 B

avec Samuel Furfari

Grogoeeromy—t: L
BY JORGEN HENNINGSEN, COPENHAGEN, 4 A0UT 2020, 08:20:52
Link to Atlantico article June 2021

EUROPE


https://www.atlantico.fr/article/decryptage/l-hydrogene-cannibale-energie-environnement-planete-competition-economie-innovation-industrie-samuel-furfari

| do not want to appear to be a defetist

Water
g @
Steam,
Molten sal

I Water I
chemical H, +Op|
dissociation -

Helium or
Molten salt

Uranium
(and

spent fuel
if MSR)

© Samuel Furfari

H,0 (l) > H,+% 0, AH = -285.8 kJ
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Namibia
* Import 60% of its electricity

King Filip in Namibia to promote cooperation on green B e mbic. Zimbabwe. the
energy ’ ’ ’

Belgian hydrogen surrealism

Democratic Republic of Congo, and
King Filip landed in the Namibian capital Windhoek on Monday at the start of an

official visit. He is accompanied by Belgian energy minister Tinne Van der Straeten MOZG m b Ique.

(Flemish green) and several Belgian companies. The aim is to give an extra boost ° On IY 5 6% Of popu | ation has access to
to cooperation on green hydrogen. !
the grid

* Lack of water

ESCP

EUROPE




ENHANCE, public funding for a hydrogen project full of
aberration

l ¢co, )

—— Energie solare —3» Electricité solaire Liquéfacion de l'air

| -

‘ ( ‘CO, 3

Namibie Energie fossile

Haber Bosh process accounts for around 1 to 2% of total global energy consumption

ESCP | X
SAMUEL FURFARI ~ EUROPE
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Belfort, 2/1/2025
7 buses x 700k€

© Caterina Furfari, 20 octobre 2024, Rumst ESCP =
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Burning hydrogﬂen is like
burnsestaats Vuitton handbag to
produce®hie at

SAMUEL FURFARI



Samuel Furfari

me i
""hydrogen
"‘-@ion

Energy insecurity

The organised destruction of the EU's competitiveness

ESCP .
EUROPE
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A world leader In gases, technologies, and services for...

solutions fo
; range of industial
processes of our customers

(emergy, metals, food, chemicals,
utomotive, pharmaceuticals,

etc) and for transports

©Adrien Daste

31 THIS DOCUMENT IS PUBLIC-EXTERNAL Merito Event 28-01-2025 - Air Liquide @ Airliquide




A clear CO, Abatement Trajectory

CO2 emissions start
decreasing in
absolute value

~2025 Inflection point

Air Liquide
Commitments

_ Decrease scope 1 & 2
Reduce by ' CO, emissions . COzeq emiSSionS in

absolute value by -33%®)

AirlLiquide

Mtco2

| : - § Reach Carbon

2020 2025 2035 2050

(a) at 2015 exchange rate and excluding IFRS16 for greenhouse gas emissions scopes 1 and 2
(b) from 2020 Market based emissions of 32.5 million tonnes CO,eq (Scope 1+2)

32 THIS DOCUMENT IS PUBLIC-EXTERNAL Merito Event 28-01-2025 - Air Liquide

@ aAirLiquide




Decarbonising our /2 production value chain

HyCO (ATR/SMR/SMR-X) . Electrolysis (H,0) Cracking (NH,)
CARBON g RENEWABLE OXYGEN g RENEWABLE NITROGEN
MONOXIDE : HYDROGEN : HYDROGEN
Air Liquide is committed Air Liquide is committed

. . . First Ammonia Cracking
to €8bn investments in @ to3 GV\( electrolysis @ plant at Industrial Scale
low-carbon H, value capacity by 2030 in 2024
chain by 2035

33 THIS DOCUMENT IS PUBLIC-EXTERNAL Merito Event 28-01-2025 - Air Liquide @ Airliquide




Pipelines development since the 60's

Merito Event 28-01-2025 - Air Liquide




Air Liquide large industries p/e/ies today

Belgié & Nederland : ca. 2 325 km

e Rotterdam
5
g @ Oxygen and
Rozenburg @@ @@ ® e Dordrecht nitrogen unit
Pernis Netherlands | ™ Oxygen
S)e r e
Bergen Op Zoom [@) Mcerdijk Nitrogen
BN == 2= e "% = Argon
zeebrugge Terneuzen  @@@@ Antwerp
4 ) @ £ 1 ‘epemma 3 @ Hydrogen and/or
ST R O = o carbon monoxide
b ol ] unit
'
Dunkirk b ' mmm Hydrogen
]
A % Gent Genk e
‘\I 1: M Carbon monoxide
- Belgiun ® Brussels <
: Belgium e
‘e @ Syngas unit
L R I
elLille % Mons . B Syngas
\ ' QI Charleroi
Yer®Vay @ @) Carbon dioxide
\. ' @ O © liquefier
J s Seraing
Briie @ copenuni
a Ay
.
Waziers L %
Maubeuge *,

Merito Event 28-01-2025 - Air Liquide
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The Benelux ecosystem, an example of Air Liquide's strategy to focus
on key basins to pursue its sustainable development

H-vision

Porthos 'IJ]’%‘ Rotterdam
[ Electiolyzer Perr \ o Dordrecht

ASU MD T
FUPPAs | , -
“ / / ] _f_[ HyTruckS ]—>

— o Ghent
In development
@ NH3 Cracking

-~ @ Electrolysis / /

@ ccu/ccs [ o Brussels )
@ High grade heat  / v
Lil @ H, Mobility r —— Go4Zero -
o Lille \ N —_—

Merito Event 28-01-2025 - Air Liquide

A favourable ecosystem

= Strong renewable energy potential

= Major industrial & transportation hub

= Strong national & EU support for emission reduction

Large Air Liquide footprint

= 7 H, production units and 6 ASUs

= >900km H, Pipeline

= ~60 customer sites supplied by Large Industries

Air Liquide involved in flagship projects

Aty ==

RH.INE HyTruc

i ELYgator

Porthos

e kairosac

@ AirlLiquide




Sealing up electrolysis
capacity

ELYgator PAiBYA)Y

ELYgatpr

Under conception

!9 Giga-Factory start-up in

(%) BECANCOUR T
Largest PEM project

& Hie
AR

-

¥ LYBALANCE [B5EY
PEM

Air Liquide unknown

electrolyzer
\ Under conception
' \
L 1
\ \
' {) Air Liquide Normand'Hy
, oo 200 Mwji
. e TRAILBLAZER m Largest ELY r01ect
N T ) PEM = =
""" 2023 |
2018 2021
37
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http://hybalance.eu/

Demonstration at industrial scale to de-risk Ammonia Cracking

Demonstration of the complete process at industrial scale and “real life”
conditions
Startup: Q1 2025 - Technology validation completed by Q2 2025

38 THIS DOCUMENT IS +-CONFIDENTIAL-EXTERNAL Merito Event 28-01-2025 - Air Liquide @ Airliquide




Enhance project : Ammonia Cracking + H2 liquefier

First industrial plant for Ammonia Cracking an H2 liquefier

39 THIS DOCUMENT IS *-CONFIDENTIAL-EXTERNAL Merito Event 28-01-2025 - Air Liquide @ Airliquide




Renewable Energy Directive (REDIII)
H2 consumption objectives ('RENBO")

of total generation poténtial minus 1ot
domand Inclusive H2 in TWh

Saldo In TWh
B -200 - -150
~ | . 180 - 100
\, -100 - -50

-50 -0

0-50

50 - 100
100 - 150
B 150 - 200

{J} Water electrolysis (domestic) & Ammonia Cracking (import)
"\/—/-/

NOT ENOUGH RENEWABLE ENERGY sources available

@ Integrate Low Carbon Hydrogen for industry
=0
ié Introduce Adequate Support Mechanism

kickstart RFNBO*-market for Transport (‘Refinery Route’)

*Renewable fuel of non-biologic origin . R (O @Flirl.iquide

THIS DOCUMENT IS PUBLIC-EXTERNAL Merito Event 28-01-2025 - Air Liquide
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Discussion

Floris Mackor Ivan Van de Cloot Samuele Furfari
VP Large Industry Air Liquide CEO Stichting Merito Chemical engineer, PhD, VUB



Discussion

e Reaction on the 2 talks



Discussion

e How much H2 will be needed in Belgium?
e Balance of plant: demand-supply

e \What quality? Is the same purity needed for every
application?

[ ) Pure H2 “in the mix"?



Discussion

e Many H2 projects have been cancelled or postponed in
2024 why?

e Next crucial milestones?



Discussion

e By how much can the efficiency of the processes still be
improved? Learning curves?



Discussion

The CEO of Arcelor Mittal Gent said recently that it's
Important not to make the transition to net zero too rapid.
What's your view on the length of the transition? Are the
current ambitions on the speed realistic?



Discussion

e What do you think about CBAM (Carbon Border
Adjustment Mechanism) ?



Discussion

e \What is your view on nuclear energy in our country ?



Discussion

e Can the price of steel be much higher in the EU than in
the US for long?



Discussion

e Energy efficiency: less fossils needed



Noteer in de agenda: M%To

VLAANDEREN IN EUROPA

Volgend event over de rol van de media: 24 april !

Donderdag 30-1: Interview in Trends over Merito project “Subsidie van de maand”

Stichting Merito aims to present visions and analyses that enrich and support the
democratic debate. Because greater insight leads to good governance,
increased prosperity, and enhanced well-being.

www.stichting-merito.be
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VLAANDEREN IN EUROPA

Follow Stichting Merito on Linkedin & X

Stichting Merito aims to present visions and analyses that enrich and support the
democratic debate. Because greater insight leads to good governance,
increased prosperity, and enhanced well-being.

www.stichting-merito.be



