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Electrolyzer location options

Oﬂ:s h ore Powe r_tO-X 1 Integrated in each wind turbine platform

Q 2 Central platform
N 3 Onshore

¥{jj_,' - Producing hydrogen offshore can...

- ...eliminate the need for offshore electrical grid connections
. ...reduce transport costs and transmission losses

-~ ...enable economic viability for more wind sites

. ...make use of existing gas pipelines to transport hydrogen
- ...maximise the use of wind power (load factor >40%)
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Renewable energies will be the dominant energy source — the role of
off-shore wind can increase combined with hydrogen

Comparison energy transition and grid investment vs required
World grid connected electricity generation by power type annual investment in Net Zero scenario

$ billion (2022)
9,000

Units:PWh/yr

Offshore wind
Onshore wind
Solar PV
Solar+storage
Hydropower
Bioenergy
Geothermal
Nuclear
Hydrogen-fired
Fossil with CCS
Gas-fired
Oil-fired
Coal-fired

8,000

7,000

6,000 ' Electricity grids
' Electrified heat
m Electrified transport

5,000

4,000 m Energy storage
3,000 u Hydrogen
Nuclear

2,000 5 Renewable energy

ETO forecast Sustainable materials

2023-30 2031-30 2041-50
» Solar and Wind will be the major pillars of our future grid connected electricity Strong growth of investment already in this decade required

» Phase out of fossil needs to be replaced with stable supply from renewables Continued growth of investments until 2050 with opportunities in all renewable

segments, in particular transport, grid and renewable energy
Off-shore wind to H2 may reduce required grid investments

* Hydrogen can balance supply — demand and could increase the potential of off-shore
wind

Source: DNV, 2022 Source: Bloomberg-NEF, 2023
* Values from the New Energy Outlook 2022 Net-Zero Scenario by 2050 in line with 1.77
degrees Celsius of warming. Investment includes electricity grids
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Europe set a target of 10+10 mt p.a. by 2030 to be generated with
Renewables. Off-shore wind H2 is an important pillar of the strategy.

Required installed
electrolysis capacity
(in GW)

GW
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300
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200
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100

NE

10 Mt H, production
in the EU

125 7 202

10 Mt H2 production
outside the EU

Offshore
wind wind

Onshore Solar PV Grid EU

connected  production

Source: Hydrogen Europe
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Onshore
wind

Solar PV

Offshore
wind

Hydro
power

351

TOTAL

Required investment
and additional RES
10mt EU production

By 2030

RES
200-300 B€

Additional RES
150-210 GW RES

H2

350-450 B€
80-100 GW EL

10 mt H2

By 2030

Total installed wind and
off-shore wind targets
European Union

Off-shore wind targets, to be revised
following increased targets of RePower EU

Source: Wind Europe, European Commission 2022
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Off-shore (in particular floating) and hydrogen are both challenging technologies - the
combination may be beneficial in relevant criteria

Off-shore wind/ Hydrogen Combined
Floating (on shore) (Both offshore)

LCOE / LCOH High / very high High More competitive

Electrical grid Dificult; HVDC solutions

connection needed due to scale Lack of grid capacity Off-Grid
Additionality Not applicable Hard to secure PPA Full compliance
Technology Established / New New at scale New, to be proven
RES Variability Musf:c?rip?lggdnf ode Technical challenge hL.ZﬁVeerr |i2;3?rf; ?:&gtr)s

H2 pipeline to

Not applicable Not applicable Increased CAPEX
shore PP PP
H2 export by . Requires harbor and Independent from harbor
vessel Nt Erplizile infrastructure limitiations
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Location options for off-shore H2 projects
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Integrated Wind Turbine 2 Wind park cluster Wind park cluster
with H2 H2 centralized offshore H2 centralized onshore
St i lable f Il to | -
> arfapywse scalable from small to larger > e P > Lowest technology risk
> Standardized design > Lower OPEX (Maintenance) > Easier integration into valleys

> System balancing and stability

~—

Easier hybridisation with PV

c c el
> CAPEX (smaller scale, H,) > Investment scale > Electrical connection to shore
> OPEX (Maintenance challenging, H,) > Electrical connection to electrolyzer > Additionality
> Subsea H, Pipeline to shore > Subsea H, Pipeline to shore

Advantages - Challenges
gé Oceanic Renewables Conference, 2023 6



Key decisions for H2 off-shore project setup

The choices strongly influence achievable LCOH and IRR

FLOATING LOGISTICS,
LOCATION OFF-SHORE WIND TRANSPORT, STORAGE AUAGUleL AL
Offshore H, project

Selection Spar Pipeline Alkaline
parameters . . . .

- Wind speed > Semi submersible LOHC PEM >

« Distance to

shore Barge Ammonia SOEC

+ Bathimetry

* Etc. Tension Leg Platform Liquefaction Other
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Key decisions for H2 off-shore project setup

The choices strongly influence cost and IRR

FLOATING LOGISTICS,
LOCATION OFF-SHORE WIND TRANSPORT, STORAGE ELECTROLYSER
Offshore H, project
Selection Spar Pipeline Alkaline . ‘ ‘ .
parameters

. Wind speed > Semi submersible LOHC PEM >
+ Distance to

shore Barge Ammonia SOEC

« Bathimetry |

* Etc. Tension Leg Platform Liquefaction Other

‘ Wind float in
Viana do Castelo
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Cost considerations — LCOH as function of scaling and carrier

Cost breakdown of levelized cost of hydrogen (LCOH) for delivery of the potential products from China to Japan

2050
20mt/a

31%
$2.3 kg'!
Ammonia
62%

3% $2.1kg!
Ammonia 56%

6%

Production Storage

Study: Off-shore in China, export to Japan

NE
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7%

30% $3.0 kg" 47%
Liquid H,

16%

6%

26%
$2.2 kg!
Liquid H, |53%

15%

3%

25%

$2.1 kg!
Ammonia
(H, equivalent)

0,
= 68%

29%
$1.9 kg!
Ammonia

(H, equivalent) 61%
6%

Conversion Transport

Source: Nature Communications

MCH as the most cost
effective solution before
ammonia (both direct use
and de-hydration) and LH2

Both in 2030 but even more
in 2050 attractive LCOH can

be achieved below 3$/kg

Conversion is the most
relevant factor after
production

Liquid hydrogen with highest
storage costs




Trends and technology innovations relevant to future off-shore
hydrogen projects

<\
! H

19
TN
Nl

Large scale integration Direct sea water use Wave energy
Tractebel by Engie sHYp Corpower
Industrial H2 production platform EL located to an offshore turbine Additional energy for more production

EL units and transformers for the Time shift of energy profile compared to

transformation of electricity from Membrande less EL wind leading to optimized generation

offshore wind profile

Range of 100MW to 800MW Seawater into H, — no desalination Lower total variability due to more
needed constant wave power characteristics

10
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Many Off-shore H2 projects have been announced, mostly large
scale. Fast learning can be expected.

NortH,

Netherlands

DolPHyn 2
UK

GW scale green H,

roduction with
integrated flosting e ScotWind H offzhoodrl; el o e
integrated floating PosHYdon Atlantic I 2
system Netherlands France Scotland North Sea.

H, production unit on OCEANH, DORIS' floating wind oéétﬁoersgviagwo(\)/;r

Neptune Energy's Q13 Spain turbine solution, on- 1600 turbines

platform, 4GW up to grid and off-grid

10 GW Solution for H, applications

production and
distribution using
floating and PV
systems
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Ideal combination of off-shore wind locations and large-scale storage

overcome the seasonal challenge

NE

Off-shore wind locations
in Portugal

Poténcia 1scw\ ?‘

/‘ﬂf
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2 H2 potential large scale storage in
Europe including off-shore

Distribution of potential salt cavern sites Total cavern storage potential in European countries
with corresponding energy densities classified as onshore, offshore and within 5 km of shore

Onshore (within
4 50 km of shore)
[ oOnshore

Energy Density I Offshore

(kWh m?]
I 200
250

300
350
I 400
I 450

Norway
penmark v~~~/ / J
United Kingdom ’l’”m
Netherlands ”‘-

10? 103 104
Total Cavern Storage Capacity [TWh]

to
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Portugal's unique strategic positioning

Hydrogen Off-shore production opportunities close to major shipping
routes at promising locations potentially solving the logistics issue

Summary constraints review of Porto area

gé Oceanic Renewables Conference, 2023

& Airports

bathymetry (every 200m)
- nm distance to shore
Environmentally
Sensitive Areas

Cold Corals

Salt

RAMSAR sites
| |ZEC RN2000

=" natural and
mineral water

7EPA
: Cifes areas
124243 Nature Protected
Offshore protected arcas
[ consigned Are

r— Areas
Lt Nature Consarvation

Human activities
& Geo places
& Wreck ships
pipelines O&G onshore
UNESCO sites
o Cultural
Ports.
@ Recreative and Marines

Constraints
Porto Zone

Density of maritime Aguiculture zones
traffic [annual
routes/km2]

[ <100
1100200
=

Substations (Kv max.)
150
220
400
Grid network [KV]
—— 150
220
— 100
[y Leboss buoy protected
area
iitary Service zones
[ Miltary service affected
zones

Military exercise areas
offshare

I Heritage zones
2EP
[ lzer

Aqu

Sources: ArcGIS Online , 4s0ffshors
SNIG Portugal-
Projection: WGS 84 Zone 23N

Source: Smartenergy / DNV study
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Thank you!

Chief Technology Officer
c.phoduc@smartenergy.net

SMARTENERGY Group AG
Sihleggstrasse 17

8832 Wollerau SZ
Switzerland

info@smartenergy.net
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