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Increased electrolyser
demand

Estimated future demand for hydrogen in the EU

From Dansk Energi. Hydrogen demand in million tonnes H2 2021,
Clean Hydrogen Monitor 2022, Hydrogen Europe; REPowerEU, EU 2022

28-38
billion Euro
investment

2025 2030
Grey/blue hydrogen B Green hydrogen

Demand for hydrogen in Europe is expected to grow significantly

Required electrolysis capacity to meet EU demand

>250
Planned
manufacturing
capacity
53 GW/yr
140
Current
manufacturing
capacity
3.3 GW/yr
. 6
2020 2025 2030 2050

Required electrolysis capacity (GW)

To meet demand, manufacturing capacity must increase considerably



How to choose between electrolyser
technologies

Specific customer requirements will lead to different choices
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Specific customer requirements will lead to different choices
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Levelized Cost of Cocte
Hydrogen o

Cost contributors example*

H» production

CAPEX 15-25%
Efficiency 60-80%
OPEX 5-15% -

LCOH insights give strategy to lower LCOH

LCOH (€/kg)

LCOH insights can be counter-intuitive

Note: level of pressurizing not included in
LCOH i

Current density (mA/cm?)

* Electricity spot prices from Denmark’s electricity grid in 2023, 75% utilization
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Electrolyser Technologies

AWE PEM SOEC

Alkaline Water Proton Exchange Solid Oxide
Electrolysis Membrane Electrolysis

e

—

0:1
-

CAPEX

Footprint

PAWE

Pressurized
AIkaIing Water

klectrolysis
> OH: -
A= 1.

™Y ]

. 'y o L4
o g




GREEN
HYDROGEN
SYSTEMS

Pressurized Alkaline
Water Electrolysis .

System efficiency Iy

The overall energy demand for =

Electrolyser as pressure vessel producing pressurized £
Using the electrochemical reactions to pressurise the hydrogen can be reduced by :
system utilizing the nature of the é
£

3

electrolyser.

120 140

Reduced gas volume

0 20 40 60 80 100
P AW E Pressure (bar)
e
Hz )

T D;T
I_'}—I : = Dynamic behaviour
. O.“ Fast ramp rates enable
¢ : coupling to RE sources.
> = * = Footprint |::>
c o Greatly reduced by in-

creasing gas density.
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AWE  PAWE PEM

Abundant Materials

Low CAPEX

High Pressure

Quick Ramping

Low Footprint

Solid Electrolyte




Current Upcoming

HyProvide® A - Series HyProvide® X - Series

-

For projects
For projects above 4.5 MW
upto4.5 MW and beyond
100 MW




GHS HyProvide

A90 X1200 /——
Capacity (Nm®/hr) 90 1200
Energy requirement N o |
(kWh'kg H2) 270 247
Output pressure (barg) 30 35
Ramp rates (s) <15 <45
Footprint (m*/MW) 33-111 13-45

H GREEN

Launch 2018 2024

* stack and power supply; **expected, stacks, process module and power supply
12




Offtake-based GHS P2X projects

Globally

e ' China/DK
A ; IM2 GREMEOH

P2MethaneSalo &

0,5/6,5 MW RE-based

/ nnovation Fund Denmark '
CH4

eMeOH

ks -

™ */,-"
Denmark Denmark i Denmark China * :
GreenlLab Skive
H2RES GreenHyScale = Clean Shippi8 ?’Jf

2 MW RE-based 100 MW RE-based on Green Fuel

12 MW _
Plant design study for
Mobility/HRS HRS, eMeOH, eMeOH marine fuel
NH4, waste heat and
EUDP C -

oxygen— - EUDP C : DME
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Denmark
Denmark

Virtual(VIPES2X)
Faster pathways for

safe PtX enrolment - Al-based forecasts

(SafePtX)
EUDP C

./nnovation Fund Denmark

Netherlands

Denmark Denmark
Safety standardisation of
green hydrogen Sensors as safety Offshore Energy
electrolyser systems components in the PtX 8 Hubs (OEH

(SAFER) a Industry (SafePtX Technical solutions for

WTG-based H2-
Sensor development .
production

EUDP C { EuDPC
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Selected customer cases

In Europe

Customer
Case
P2X

Greenlab
@ Denmark

Customer
Case
P2X

15

Customer
Case
px &

Customer
Case
HRS

ClanTech /-Calvera
@ Denmark

Customer
Case

P2X

Alliander
@ Netherlands

Customer
Case

P2x

Octopus Hydrogen

¥

Drsted
@ Denmark

Liquiline

@ Norway

Customer
Case

P2X

Customer
Case

P2X

Customer
Case

P2x

Siemens Gamesa
@ Denmark

Customer
Case

P2X

Hydiégen-Profect

O uk

Customer

Logah EnErgy
© UK

Nilson Energy
@ Sweden

Wenger
@ Germany

Gaznat
@ SwitZzerland

Customer
Case
HRS

Customer
Case

P2X

Customer
Case

P2X




Drsted: H2RES

Demonstration of large-scale offshore RE-production

The aim of project, known as H2RES, is to produce renewable hydrogen fuel for
heavy-duty road transport. A plant will be built around 5 HyProvide™ A0
electrolysers powered by two offshore wind turbines. Complete turnkey delivery

and commissioning by GHS.

= Production: 975 kg H,/day

= Qutlet pressure: 28 bar

= Distribution to the transport sector in Greater Copenhagen

and Sealand

Customer
Case

P2X %\

16
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Current production facility

From /5 MW to 400 MW
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Thank you for watching!
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