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Context of the tool development
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Why hydrogen and offshore wind? @ ENERGIES

MARINES

Advantages

Enhance the energy sovereignty of countries with high offshore wind potential

MakRe use of abundant remote offshore energy resources

Limit grid congestion in the onshore connections of major offshore wind hubs

© no congestion

[Be able to produce hydrogen without drawing on the drinRing water supply
frequent congestion

Have space to develop GW-scale electrolysis facilities

9 » [Keep reasonable costs > decide the right OWF-H2 acy [Potential impacts on offshore ecosystems to be
U4
—ul plant layout e mitigated > anticipation

o proper infrastructure sizing

o manage intermittency, related ageing and O6M
@ * Prepare for H2 and electricity marRet integration
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Key questions regarding the architecture of the coupling o ENERGIES

_—Cg)\l Onshore or offshore electrolysis? B @ , @‘."h; ------------------------- i
e . m
2 s L] & g &
1 @ H 1 ic? H2 electricity ﬂ‘] ,”/
00 L Ongrid or offgrid electrolysis: S $h N W o
@ Production strategy: electricity priority / H2 priority / 100% H2 A centralized on substation or island
| | Sl N e e o
Cost estimate for offshore H2 production? Wl o
e € . &
&
% 'i’ H2 ey Eﬂ
ql)) Sizing of electrolysis power vs OWF power? @» e&u\g """"""""""" &

m on electricity/gas/H, network node decentralized in wind turbines / FARWINDER
% Transport by pipe or by ship?

Can help make the right choices in pre-design stages,

Can help maRing the go / no go decisions _ _
with LCOH gains up to 30%
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The OPHARM and OPHARMZ2 projects were initiated to answer these questions C‘) ENERGIES
OPHARM [2021-2023] OPHARM2 [2023-2026]
Offshore Production of Hydrogen Analysis and RoadMap Offshore Production of Hydrogen Advanced Analysis
DURATION: 24 mois | LAUNCH: 2021 | BUDGET: 544 K€ DURATION: 36 mois | LAUNCH: 2023 | BUDGET: 2 447 K€

4 4

TOPICS TOPICS

* Market analysis * Network integration

e Assessment of hydrogen production configurations * Technology specification, sizing and testing

* Hydrogen R&D roadmap for the French offshore wind energy sector * Environmental integration
\ % - %
PARTNERS PARTNERS
RANCE o s s RANCE . : o s e
o riER;RI\(I;ElgS E ﬁEN¥§SALE = CaPenefg|eS t :eDF _ elr:er &%@;&g o [\AE{IT[\?&ES (A|X Marseille ,_é Capenergles : :eDF : elr:er @ @ wreveaion
. ] o 4 TOULOUSE
FRYIND o= (MNP INNOSEA s Sa . iNP = skyborn
RWE =skyborn subsesa7 i\ sUbsea 7 ¢ w30 valeco
EKIUMI TotalEnergies R EnBW
WITH THE SUPPORT OF WITH THE SUPPORT OF
NCR)F\\?‘IWADIE oo & . LOIRE azon ﬁ ; LOIRE I AqualisBraemar LOC Grous \_/A\*
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Some findings from the OPHARM project (2023) - Farm scale o ENERGIES

O1

02

03

04

MARINES

100% hydrogen configurations are the most efficient in a cost perspective

Configurations with electrolysis capacity around 25% of the OWF also favourable in
terms of costs, certainly also in terms of flexibility

LCOH for offshore and onshore production are close

Other criteria than cost will distinguish them

Exporting by pipe is more economical than by ship
= LCOH reduction of about 1 €/kRg H2

7
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Some findings from the OPHARM2 project (2024) c ENERGIES
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01 Analysis of the potential for offshore hydrogen production along various French

coastlines, whilst ensuring electricity generation is in line with the TSO’s roadmap

* 16% of national electricity consumption )

CHANNEL 2 or 3 hubs

~—

ATLANTIC 3 or 4 hubs

100% elec

would be covered by OWF

100% H2

mixed
with priority on elec

* France national hydrogen consumption D W S o
ig;‘ = ﬁ‘\;‘ \

E

could be addressed, provided that a

) ' > | - S
[:] 2 or 3 hubs with n.qlx.Ed N _ i\ i )
.. priority on H2 i
sufficient number of OWF hubs are o :
developed
83 4 configurations
 50% of the H2 production would then be

covered by generation in the Atlantic area
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Some findings from the OPHARM2 project (2024) o ENERGIES

MARINES

01 Analysis of the potential for offshore hydrogen production along various French

coastlines, whilst ensuring electricity generation is in line with the TSO’s roadmap

02 In @ mix between electricity and hydrogen production from different hubs:

* Electricity is more suited to close to shore sites (cost of electric connections increases

significantly with distance) S S Vi =
Ha ig;‘ S~ m \ |

e Hydrogen is more suited to remote and multi-GW scale sites (taking advantage of pipe

max power)
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Some findings from the OPHARM2 project (2024) c ENERGIES

MARINES

01 Analysis of the potential for offshore hydrogen production along various French

coastlines, whilst ensuring electricity generation is in line with the TSO’s roadmap

02 In @ mix between electricity and hydrogen production from different hubs:

03 Analysis of time series i
e Extreme sensitivity of production time series to energy production strategy L <A |

(100% elec / mixed with elec priority / mixed with H2 priority / 100% H2)
e Strong seasonal signal along the Atlantic, limited along the Mediterranean Sea

e Significant diurnal signal

FRENCH EEZ ATLANTIC AREA

a0 65 70 75 80 85 ap 45 100 106 110
H'._1L|rIyH2 production Itﬂ‘_}
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OCEAN-H2W tool presentation
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The solution OCEAN-H2W™ o ENERGIES

MARINES

ECONOMIC AND ENERGETIC ASPECTS

FARM SCENARIOS COST DATABASE FARM INDICATORS

Nominal power, climate - )
& distance to shore Components lifetime g H, /year

Electrolyser's location Commissioning / decommissioning € / kg H,

Export product: CGH2 + time series of dynamic variables

O&M

H, carrier: pipe, ship
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Use case - 100% H, Offshore c ENERGIES
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Is a production offshore more expensive
than onshore ?

Scenario with an offshore hydrogen production

~N.
e 66 x 15 MW wind turbines =>990 MW nominal ; - iﬁf
power JEON, —
« 842 MW electrolyser positioned over an offshore yd \
platform C,j_’g}_) C‘f@

* Export pipe to connect to the shore
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Use case — 100% H, Onshore c ENERGIES

MARINES

Is a production offshore more expensive
than onshore ?

Scenario with an offshore hydrogen production

A A
NG /
e 66 x15 MW wind turbines =>990 MW nominal oo
om "_HWI:
power A =,
* Export cables (4x250 MW) to connect to the yd \
shore QQQ Q’Q@

« 842 MW onshore electrolyser

12
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Use case — Mix H, + e- c ENERGIES

MARINES

Is it worthwhile to produce hydrogen to
smooth out my electricity output?

Scenario with a mix production between hydrogen

and electricity

| | | N N
* 66 x 15 MW wind turbines =>990 MW nominal S ~ ®
power ~_ 7
. . . . EBn &
* Wind turbine production split A ;uz%
o Priority on hydrogen production /"'"""""\ \7
o Remains to electricity production N 7N

* Export cables (3x250 MW) to connect to the shore
e Offshore electrolyser (250 MW capacity)
* Export pipes to connect to the shore
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Inputs Documentation OCEAN-H2W

HT outputs

e Timeseries @@ Production distribution @@ Capacity factor

| Ht1 v

AHP process Htl : 68 917 kgH2 — T M
Production distribution for hydrogen treatment process Htl

350k

Plot detailed data

« Average value : 188 834 kgH2

300k

- Designed to assess and compare

150k

H2 production pathways coupled
with offshore wind

* Minimum value : 59 303 RgH2
* Occurence : Sep-2043

« Maximum value : 364 079 RgH2
* Occurence : Dec-2055

&
I
=L
=
£
&
2
5]
3
h=l
-]
a
o
o
o
8
]
>
I
Sy
£
c
(=]
=

v,
=

ovoz-uel =
oroz-few
o¥0z-das
L#0z-uef
Lpaz-Aen
1¥0z-das
Zioz-uef
Troz-few
Z¥0z-das
£p0z-uel
£p0z-few
£¥0z-das
#roz-uel
rroz-fe
tp0z-das
Siog-uel
stoz-Rely
sp0z-das
9toz-uef
aroz-few
9p0z-das
Lpoz-uel
1r0z-Re
£0z-das
8r0z-uef
8roz-fe
gp0z-das
60z-uel
6t07-fei
6¥0z-des
0s0z-uef
osoz-few
050z-das
L50z-uef
L50z-fep
150z-das
zsoz-uef
zs0z-fe
zs0z-das
£50z-uel
£50z-fe
£50z-das
pGoz-uef
50z-Rey
#50g-das
ssoz-uef
s60z-fei
550z-das
950z-uef
950z-ey
950z-das
£50z-uel
£60z-Rey
£50z-das
g50z-uel
gs0z-fe
gc0z-das
650Z-uel
650z
650Z-das

. FRANCE
o ENERGIES
MARINES

T 1 for offshore wind
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Examples of using the tool’s functionalities
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Examples of Using the Tool's Functionalities @ ENERGIES

Assess different

configurations for a given o gl Crell Bmlfol ot
. B H2 CAPEX B ship_CAPEX
wWin d Fa 'm Ofr h u b BB substations CAPEX  mmm onshore_CAPEX

B cable CAPEX

CONFIGURATIONS

* On AEP / cost / LCOH / production
profile criteria OPHARM plot

ATLANTIC EEZ France

Bottom-fixed wind farm




Examples of Using the Tool's Functionalities

OCEAN-H2W

@ Timeseries e Production distribution @@ Capacity Factor

Production distribution for hydrogen treatmen

‘ FRANCE
O ENERGIES
MARINES

Derive hourly production
profiles

e At the scale of one wind farm or one
hub

* At the scale of a maritime facade

* With the possibility to represent mixed
configurations involving electricity and
hydrogen production
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Examples of Using the Tool's Functionalities @ ENERGIES

Temperature
measurement

Feed realistic technological or
environmental studies

* Technological
o Electricity production rhythms for durability studies .
o For coupling with experimental studies

Cells tension

* Environment > use hourly production profile to derive
o Water consumption
o Produced water discharge
o Hydrogen production profiles
o For coupling with other numerical modelling ™ Longitude

Latitude

0.02 0.04 0.06 0.08 0.10

Antiscalants concentration (in pg/L)
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Practical access to the tool
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Practical access to the tool

o

c ENERGIES
MARINES

Software as a service,
with included training
in the first year e i

Cost of the licence will
depend on your status,
get in touch with us

. FRANCE
0 ENERGIES
MARINES
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e Timeseries @ Production distribution @ Capacity facto

On-demand expert
support for case design,
launch, and analysis

Avalilable in

September 2026
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Related services FEM can provide
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Related services FEM can provide C‘) ENERGIES

Optimisation study of one wind farm configuration

Export e H2 prod. . .
P P « With the expertise developed over research cases
e ship export = Mixed prod. . . o
+  pipe export «  Electricity prod. * Ability to launch many cases with small variations of
e cable export grey H, iInputs
_ Prod blue H * Ability to analyse the results of an important
™~N
I |e * number of cases
4 i1 . . . . . . .
) o _ 0 X x x X * Criteria fc?r optimisation may include: AEP / LCOH /
~ o storage size
z i
Q
-
For whom?
OWF developers, potential PPA clients,
0 decision-maker on tenders

CONFIGURATIONS

24 OCEAN-H2W™ Webinar | France Energies Marines
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Related services FEM can provide C‘) ENERGIES

MARINES

Assessment of the offshore H2 production potential at the scale of a sea basin

* Definition of hypothesis and scenarios with the client

P Distance P Distance to the N
* Modularity of the representation by hub — [ W to shore andfalpoi:
* Hourly time series & | e e
Fixed-bottom wind farm
@ Distance to shore: 30 km

Water depth: 70 m
Wind resource: +++

> production profiles at different time scales

Macro-zone 2

ﬁ @ Floating wind farm
@ @ Distance to shore: 60 km
Water depth: 90 m

For Whomp Wind resource: ++

24107 e| ap sAed g Aueniig

Macro-zone 3

Regions, states, electricity and gas network B @ |5
o o istance to shore: km

operators, decision-maker on tenders, @ | e

consultancies Wind resource: +

25 OCEAN-H2W™ Webinar | France Energies Marines
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Related services FEM can provide c ENERGIES

Sensitivity studies
Sensitivity analysis for LCOH . Assess the impact of gncer.taint.ies or
ot cace 1 | improvement of pre-identified inputs
- [estcase | * To better understand the uncertainties

associated with LCOH calculation and build
robust business models
* To orientate research effort on the right

Turbines A B Testcase4

0SS +1

pathways
EL perf
ActuRate - For whom?
EXptChl - - . .
a N Regions, states, H2 project developer,

consultancies, R&D program managers
LCOH [€£/ kg H5]

26 OCEAN-H2W™ Webinar | France Energies Marines
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Related services FEM can provide o ENERGIES

Coupling with other modelling

* Experimental
o Technology e.g. durability tests, impact of intermittency

Model PLUME2.0 o Environment e.g. impact of produced water discharge
* Numerical
= o Environment e.g. impact of produced water discharge
S o Economics e.g. SPOT market time series
S ) o Climate change estimate hydrogen production in future
g climate projections
N
0 2)(jet pt;sition (6in m) 8 ’
e [ ; For whom?
12 14 16 18 20 22 24 26

Temperature (in °C)
H2 technology developers (electrolysis,

compression), laboratories, NGO, TSO, ...

27 OCEAN-H2W™ Webinar | France Energies Marines
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Evolution of the tool according to your needs O ENERGIES

Development of _
specific modules Connection to Address

Sun, tide or wave? in-house tool of yours new questions
Hydrogen derivatives

28 OCEAN-H2W™ Webinar | France Energies Marines
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Conclusion @ ENERGIES
MARINES

Available for you in September 2026
as a Software As A Service Support at every

stage of your
(W, project through a
N tailored service
offering

Applicable
anywhere in the
world

3

An intuitive tool
5 years with rapid
onboarding and
optimised
execution times

of tool
development and
usage for R&D
topics

29 OCEAN-H2W™ Webinar | France Energies Marines
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Conclusion o ENERGIES
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FEM team available to
answer your questions

S

> : Vi agk
i) Ao 4 y &\
7en mnilLe.

Marie ROBERT

Nicolas MICHELET

Lénaig MELLAZA

Scientific Coordinator OCEAN-H2W™ tool developer

Project manager

Contact

@ commercial@france-energies-marines.org

30 OCEAN-H2W™ Webinar | France Energies Marines



2y FRANCE
O ENERGIES
MARINES

Thank you for your time and attention
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