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Topics for R&D:
* Lightweight structures

(Smart) materials & processes

Functional surfaces

Innovative product designing
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Ministry of Economic Affairs, Free
Lebour and Europe of B

Hydrogen Opportunities in Bremen & Bremerhaven

The frame and approaches for the hydrogen economy

Our common aim:
hydrogen as one solution that will contribute to carbon neutrality and
that will facilitate the transformation processes of the economy

METROPOLREGION

NORDWEST
NORDDEUTSCHE

WASSERSTOFF
STRATEGIE

24.05.2022

www.wirtschaft.bremen.de
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ZEROe - Industrial Capability Co-Development - LH2 Tank Systems

PHASE 2 PHASE 3 - -
START of MAKE PRE PRODUCTION &»‘-
INPUT | OUTPUT INPUT | OUTPUT > @*@«
2023 2026 2026 Serial | 2% s
MRL 3 MRL 5 MRL 5 MRL 9 FAL

= 203x

PHASE 1

I Full Make =
Pre-Production

 R&T Centres + Buy Production
INPUT | OUTPUT Quality
 MRLT  MRL3 Functional
ZEDC Q4 Tanks Tanks Flight Test Demonstrator
2023 2026
Techno
Centres

AIRBUS
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Northwest Europe for an initial pipeline grid

Emerging European
Hydrogen Backbone in

L T

Northwest Europe as starting point

* Transforming existing pipelines for the transport

- L
Munich Vlennaitﬁmnm ] of H'y"d rogen
. ELﬂGpe:r*
LHOJ Ui » Initial pipeline grid HyPerLink by Gasunie
Jeaun & #Milan *  Ljubljano

‘}‘. Vanica
&
ph
Marseille

Image: Extending the Hydrogen Backbone, April 2021

VAE The Institute of Applied Energy x

* Connecting the Netherlands, Lower-Saxony,
Bremen and Hamburg
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BIG PICTURE
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IRENEWABLE ENERGY
_ (ON- AND OFFSHORE)
. POWER-2-FUELS

[
|

p | . POWER-2-MOBILITY
\/ | ELECTROLYSIS fm
( SYNTH. FUELS

POWER-2-GAS Power-2-

Chemicals SYNTH.

FEEDSTOCKS °* MOBILITY
HEAT NETWORK ;

- ENERGY

POWER PLANTS

egion

STORAGE EMSLAND
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EMSLAND I W'I

The research and production Power-to-Gas facility in Werlte,
Germany

2" 2 | - h\"-:r g W
Biogas freatment plant  Methanation reactor liquefier and e-LNG filling Hydrogen filling station  Grid injection plant
electrolysers Station
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Green Hydrogen In Niedersachsen

Niedersachsen is committed to the global and national climate protection goals. If
greenhouse gases are to be reduced sustainably, the energy transition must be
implemented in all sectors (electricity, transport, heating and industrial).

Developing a hydrogen industry is a key element in the process towards achieving the
climate policy goals.

MNiedersachsen Ministry of Economic Affairs, ) _1‘ .
Employment, Transport and Digitalisation Invest in [ ;1 Niedersachsen

. A o " 19
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Testing Equipment for the Development of CFRP at Cryogenic Condition

» tensile-testing-machine in liquified Nitrogen at -196°C, in operation

» dynamic and static tensile-testing-machines in liquified Hydrogen at -253°C, available 11/22

» permeation testing device at cryogenic condition (Helium) and under dynamic tensile, available 3/23

» measurement of the Coefficient of Thermal Expansion between -268°C and +350°C, available 10/22

Ongoing and planned CFRP-LH2 Projects

» development of a type V CFRP-tank flr pressurized H2 (ongoing)

» development of an LH2 container with CTC Stade (start 9/22)

* cryogenic material testing for a LH2-tank with AIRBUS (start 10/22)

* jnvestigation & modeling of micro-crack propangation with LH2 (start 1/23)
* monitoring LH2 tanks made from CFRP using acustic emission (start 1/23)

* jnvestigation of innovative fibre gaskets for LH2-tank application (start 3/23)

LAE The Institute of Applied Energy F TERROTLEERNLDIRRSIA Copyright; 2022 IAE. Al rights reserved.
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Renewables in Schleswig-Holstein

~ Hamburg

2019* 7.044 wind hours (ca. 80%) thereof 3.217
hours™* (ca. 45%) so called feed management™

Hydrogen Region West Coast

Our starting point and our motivation -t =E Ny &=

- B+ bARD380kvEEEAT—> 3>
- BIREETOA YA MKERETE

- Brunsbuttel NDIKZED/ A TS > 1&#H%

Hydrogen region Heide

380 kV transformer station
within sight

Cavern system for potential on-
site storage of H2

Local hydrogen demands
supplied from here

Connection to hydrogen system
in Brunsbiittel via pipeline

* source SH-Netz/TenneT; ** Gebiet: Oesterwurth
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ENTWICKLUNGSAGENTUR =
v REGION HEIDE

Heide Region
Inter-Municipal Program 2020 - 2030

A) Sustainable Economic Development B) Innovative P-t-X Cluster Management

T Industrial scale groan hydrogsn and decarbanization

=

Entwicklungspatenzial
+ Nahrungsmittecluster
+ Vertical Farming

+ Agquakultur

H., pipeling
Brunshiittel

. A o " 23
\AE The Institute of Applied Energy i HTERROT LS ENLDIRISIA Copyright; 2022 IAE. Al rights reserved.



HySCALE100: e-Chemicals and e-Fuels from green Hydrogen

J\ATHUKD 2 DOBBRIGEE THDIAMMEF LAY MERIRRIL T DIEHDKEREE e- A5 J —)LDOKE
BEEZFIRIDIHOTO>TI N (EULANIL)

e-Fuels

B Hydrogen HySCALE100 Phase 1

I Methanal
e-Chemicals

500 MW Electrolyser
on renewable power

+

206 ktlyr CO2
from refineries chemical plant

+

125 ktiyr
unavoidable CO2 from cement plant

91 kt/a e-Fuel and
61.5 kt/a e-Chemicals

achieving green house gas savings of 253 kt
CO2/yr compared to fossil references for
methanol, ethylene and propylene production

Status: Awaiting approval from Brussel on
IPCEI funding; funding of 645 m€ announced
by German Government

X N e . 24
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ESTKUSTE100
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- WESTKUSTE  Industrial scale green hydrogen and decarbonization
— 100

|AE The Institute of Applied Energy

wwwaitiuestel 00 de
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Research on 30 MW electrolysis
Consideration of H, - O, — heat
Research on H, cavern storage
Test of urban gas supply network

Integration of cement industry as an
unavoidable source of CO,

Engineering of scaling up to several
hundred MW electrolysis

Integration of offshore wind power
Overall economic scenarios
Regulatory learning

Transfer of society

25
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80 km / 45 minutes west of Hamburg
30 nautical miles downstream of Port of Hamburg at the intersection of Elbe and Kiel-Canal

Connected via industrial railway-link, motorway B5 and highway A23 / A7

3 ports for seagoing vessels of up to 14.80 m depth

BRUNSBUTT

/&\ ChemCoast Park
Loy

ChemCoast Park Brunsbuttel — Site Presentation 2

\AE The Institute of Applied Energy

Qilport Port of Ostermoor
= Mineral oil = Ammonia
f = Oil related products m Urea
m Various other
chemicals
u Fertilizer
m Ol
Elbehafen
= Universal all-
purpose port
m General / bulk
cargo
= Container
m Project - logistics
= Qil/LPG
»ﬂ@ (L:pe_mcoda_stpa_”f ChemCoast Park Brunsbittel — Site Presentation 8
k4

T TEEROT LU ERKDIRESIA
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HydrogenicsttMPEMEZ:%E (SEZER)

Brunsbuttle(CERE NE%E (2.4MW. 2017F) TS EiERK

(Tl

HyBalance project: PEM electrolyzer design

40 ft container: power

HYDROGENICS

racks (rectifiers), dual cell
stack + Balance-of-Plant

20 ft container: R/O

system, control panel,
rooftop cooling,
compressed air

oefe

5
XX

XX

HYBalance

|AE The Institute of Applied Energy

Hydrogenics 7' Lt > &#l

(2019€10H) £ D5IH
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H, station
105 MW: heat,

electricity & H,

53

wnl
ey

l fre ]
i (1!

Power line

==

11 MW PV SUPPLY _ CA. 300 MW PV SUPPLY
+12 MW WIND ENERGY INLET + WIND ENERGY INLET

APEX Company profiles:

|
B Gas pipeline
storage

is | i
o ] ] Yy
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PRESENTATION: GERMANY
%)

a:‘ Ellund ‘3

H2-Leitungen (Projektfokus) L
durchgezogen = IPCEI Projektfokus L B
gestrichelt = mégliche Erweiterungen . "

HyPerLink (Gasunie) i

wes GET H2 IPCEI (Mowega/Open Grid Europe/
Thyssengas/ Evonik)

Green Octopus Mitteldeutschland & LHyVE (ONTRAS)
= AquaDuctus (GASCADE/Gasunie)
wes doing hydrogen (GASCADE / ONTRAS)
s H2-Leitung (Perspektive)

@ Elektrolyse
B Raffinerie

AL chemieparks
[ Gasspeicher
€5 stahlindustrie
@ Zementindustrie
) KWK-Anlage
&;H&hnhm!ml

+ Produktion von griinem Wasserstolf auf See -
Windkraftwerke, kambinsert met Elsstrolyseaniagen

* I AL angigki des Frgaaboa T JOIE gl durch Neubau
i, 2050 Gl wnes MUz g won Betandsheniing

vl an s Festland |Bronsiine! und Wihermshaysnt sind fii
den fefizwum 207837005 geplant. She sind wor dufig und sliemaiiv

Leuna =

APEX Company profile

Quelle: Wikimedia Commaons (TUBS), Bearbeitung durch Nowega
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Power -2- Ammonia

Development of a decentralized generation
technology for green ammonia for the Air
storage of renewable energy

» Microstructured Haber-Bosch reactor
with constant falling temperature
profile

» Plant concept for dynamic load-flexible
medium-load ammonia generation
plant

» Membrane-based nitrogen generation
with oxygen storage materials for fine
purification

» Membrane-based ammonia
electrochemical synthesis and gas
separation

» Synthesis and testing of ammonia
catalysts

Kruth & Wartmann, CAMPFIRE, 25.08.2022

N AN RN 2~ [N 3 31
IAE The Institute of Applied Energy i ATERBOT L ER K DIRMSIA Copyright; 2022 IAE. All rights reserved.



Green Ammonia Technology Park Poppendorf

with CAMPFIRE Open Innovation Lab

New industrial research and development site near
Rostock offering unique and cost-effective
infrastructure and test facilities for the full Power-2-
Ammonia and Ammonia-2-Power ecosystem from

mid 2023

» Large-scale ammonia and hydrogen supply (up to

100 MW)

» Test sites for heavy duty and maritime drives
development of ammonia cracker (MW-Scale) for
hybridisation with internal combustion engines and

fuel cell systems

» Test sites for high temperature / high pressure
electrolyseurs (10 MW) and micro-Haber-Bosch

» Test sites for new concepts of on— and off-shore
ammonia and hydrogen refuelling stations

» Development of an international trade platform

with cooperational partners

» Standardisation and certification

Mecklenburg ?un:;:ﬂnlmr fum Wandeldur:h
iir Bildun
Vorpommern s y- .nll??ﬁﬁﬂn
/W Vit ju/—

' Leitprojekt

DIE ROSTOCKER TransHyDE

WASSERSTOFFINITIATIVE

|AE The Institute of Applied Energy

T TEEROT LU ERKDIRESIA
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Hydrogen — Nothing New for Hambura

Renewable Energy
Hamburg

|AE The Institute of Applied Energy

Electrolyser
Reitbrook

Power to Gas

Pilot project with first PEM-H2-
electrolyser of 1 megawatt
class

H2 used for mobility
applications and storage

Image- loerg, Boethiing

(2013)

Energie des

Nordens
Power to Gas

Electrolyser producing H2 to
avoid grid congestion
Produced H2 is fed into the
local gas grid

Part of NEW4.0 project

(2020)

HafenCity H2-
Fueling-Station
H2 Mobility

Combines H2 electrolyser,
compression and refuelling

Fueling station for H2-buses of
public transportation company

T TEEROT LU ERKDIRESIA

eFarm/GP Joule
H2 Mobility

5 H2-producing locations with
1.125 MW of total power from
wind parks

2 H2-fueling stations, 2 H2-
buses and 30 fuel cell cars

:fzozi)

'L-.Z;; Renewable Energy Hamburg Cluster Agency RENEWABLE ENERGY HAMBURG CLUSTER AGENCY

Copyright; 2022 IAE. All rights reserved.

mySMARTLife
H2 Heat Supply

Funded project

H2 heat supply of residential
development area via natural
gas grid

Share of H2 is varied during
project time to gain important
experiences




REEH}

7

Cluster Profile

Actors map Hydrogen

sz QWE HRAE  Orsted vATTENFALL o

. : Renewable Energy
@ Hamburg

Project Developers /
Customers for RE/green H2

«+ Utilities active in renewable energies, hydrogen
infrastructure, grid and storage projects
Strong multinational focus (purchase and offtakers)

» High level of market force that requires a high level of QM,
ICT, contract terms

1 Port Authorify
HarnbL_Jrger ,.Qa\
€nergiewerke E ArcelorMital storengy
AAurubis éncia MITSUBISHI
Metals for Pragress HEAVY INDUSTRIES
P i HOYER TAUBLY
SIEMENS Gamesa (@, . S

RENEWABLE ENERGY PRDD[mA'Ré
3 hydrasun hydrQgeniovs ERENEI é\er
LOHC TECHMOLOGIES °||tclnking We C

Manutacturers /7 suppiters.
for H2 Technology,
Transport

International Headquarters and Subsidiaries
*  Product development & Project Management Hydrogen
* International Sales

Material Procurement (Logistics, Interfaces)

»__Supply & Supplier Management

Hamburg = -~ Energy
) e ——x i) = twme P OlaniS™ @8 MARSH

e

COMMERZBANK LA gentle sp._qqm,s m %:“"’:‘% e '

LRGA = omwm o STe= - hereon
' I]ES\' A ENG'G TUHH L e e —
el ( L = Emhm

: A Averdun Z. Fraunhofer
S '135,“'33 . [l TaYIDI'WESSII'Ig {CAHNEADES s oY Universteit Hamburg

1¥)SOLUTIONS  oqan

D8R FOSECHUNG | D68 LISiEE | DER HRDURG

Service Providers,
Know-How SMEs and
Universities

» Leading in Certification (Projects, technical)

» RE/Hydrogen Law and regulatory framework
(national/international)

+ Finance and Insurance

» Technical Services / Engineering

» Components, Special applications

5.08.2022 Renewable Energy Hamburg Cluster Agency

\AE The Institute of Applied Energy i ATERBOT L ER K DIRMSIA
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" Renewable Ene rgy

EU-IPCEI: Hamburg+Region successful

PRODUCTION

AgquaVentus, Heligoland — RWE Renewables (1)
HGHH Hamburg Green Hydrogen Hub, Hamburg — Shell, Hamburger Energiewerke,
Mitsubishi Heavy Industries (2]

AgquaVentus, Helgoland — Gascade (20)
HH-WIN, Hamburg — Gasnetz Hamburg (21)
HYPERLINK — Gasunie (24)

INDUSTRIAL USE

+ HyScalel00, Heide — Holcim, Hynamics, @rsted, Refinery Heide (35)
* H2H, Hamburg — ArcelorMittal (36)
+ E-Methanol, Stade — DOW (42)

MOBILITY USE

*  WIPLIN, Haomburg — Airbus Operations (58)

+  H2LOAD, Hamburg — Hamburger Hafen und Logistik AG (59)

*  HyPA, Hamburg - Homburg Port Authority (60)

* H2 HADAG, Hamburg — HADAG Seetouristik und Fihrdienst (61)
= H25B, Hamburg — Green Plug (62)

'.'_-Z;.'. RenewableEnerngamburgCIusterAgeﬁ NEWABLE ENERGY HAMBURG CLUSTER AGENCY

LAE The Institute of Applied Energy F TERROTLEERNLDIRRSIA Copyright; 2022 IAE. Al rights reserved.
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THE IPCEI FUNDING SCHEME

1. Demonstrably overcome important market failures;
2. Involvement of 21 Member States

3. Deliver specific spill-over effects benefiting the EU economy and society
on the level of Member States and industries;

4. The IPCEI approach has been successfully realized in Microelectronics
and Battery Production (Giga Factories)

5. IPCEI hydrogen is ongoing:

Due to the high number of admitted project proposals, the measures will be
bundled and EU-notified as “wave schemes™:

+ Technology and Industry waves are in the notification process

* A Grid-Operators and a Mobility & Transport waves are in preparation|

LAE The Institute of Applied Energy i FTERBOTLEEN K DRI
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WINDOW OF OPPORTUNITY

( Today - 2024 H 2025 - 2030 H

From now to 2024, we will From 2025 to 2030,

20244FFE TICEUAN
support the installation of

(C 6 GWDEAF:%1im

6 ySOLUTIONS o 26/08/2021 o Dr Francesca Moglia

hydrogen needs to become

DEALZLTIEL., 7k at least 6GW of renewable an intrinsic part of our hydrogen will be FRTONF R TS
~ hydrogen electrolysers in integrated energy deployed at a large | —3=
10077 b2 2EE the EU, and the production system, with at least 40GW scale across all [CBAZND.
of up to 1 million tonnes of of renewable hydrogen hard-to-decarbonise
renewable hydrogen. electrolysers and the sectors.
production of up te
10 million tonnes of _ _

renewable 2025FNNV52030F (CMNF T DR < EBA0GWDEE
hydrogen in the U, PTAEZKSREBARIE S EUPAI TRIA100075 k> D4R
https:/fec.europa.eulenergy/topics/energy-system-integration/hydrogen_en ﬁg7j(;=§%§éi%_: [J N 7_K;=Eﬁb\%ﬁél*) l/:‘-"-— :/Xj_—AODZK

hy) SOLUTIONS

2030 - )

2030ELABE. BBIRIK
R(E. BRRSENEER

From 2030 onwards,
renewable

BB LR DRENDD.

IAE The Institute of Applied Energy I TEEROT LT ER K DIRASIF
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DLRde - Chart2 > Climate-Neutral Flying: Opportunities and Potential of Hydrogen

¥en by CO2 emissions.

SURNDEZEERA -
- BEE D DFER

Aviation Radiative Forcing Components in 2005

Climate Impact depe

.. | Spatial | LO i
AF Terms IWm™) | scale su = 3 = o =
T T s | * Species of emissions: - e onE
arbon dioxide Global | High - i .
R +  Amount of emissions -B5E
Ozone 0.0263 ntinental | e 5 .
R e Q0125 | "neerere E,,L“ + Altitude - 8=
reduction (-0.0104) o = =
MO, . Lahtude - j(?b%{q:

0.0138

Total NOy (©o1is) | Gova | Ned

Atmospheric conditions

0.0028 |Hemispheric

Water vapour (0.0020) | 10 global Low
0048
Sulphate aerosol ::.:::5; L;’lg:‘a,"“ Low
111 (1PCG AR4 values)
b 902 confid 0.0034 | Local
Soot aerosol clm = (0.0025) togiooal | LW
|
Burkhardt et al [ 0.0118 | Local
Linear contrails e Caltd || gy
(2011) F(CIC) = 31 m\W/m2oo10) | contnental
1 I
Induced cirrus ; Local Vi
uclaudi::;s : : ! 0.033 | parmiamheric | Low.
;
Total aviation d | | 0.055
(Exel. induced cirrus) : ! , ooagy | e [ L
1
1 il rassassaesilimee s amas 1
Total aviatio ! ; !
i Telned ok : ! I " ——| o078 [ Gibal Low
I I T v e s 1 i ] |
-0.08 -0.04 0 0.04 0.08 0.12
Radiative Forcing (W m2) Lee etal. (2009)

# World's first measurements of 100% SAF (HEFA) behind large passenger aircraft 2021
DLR ECLIF3, DLR/AIRBUS/Rolls Royce/Neste, A350/Falcon
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DLREH

In-Flight Measurement of Hydrogen Combustion
Blue Condor Project, 2022, Lead: Airbus Up Next

Credits: Airbus

Optimizing Climate Neutral Aviation for Life Cycle Values

?ﬂwygmmh:—-x&md-ﬁmm g

j/ Water reaiment |—l
Alaline electrotyzer =+ +=,

r ¥ | e
Hasrocucton ] Ganpressar | rasoort ... ] Mo/ Environment

PEN slectolyzsr -

b [ rwtomens

1 [Gas wrbine (vgearco.
HIR = i)
| =

T

—— Elementary flow

[
fr%mw
| sl etime

[ ' ATy
J H
H \ Technologies
H F \\ Materials vr
H ME™.
Endot e | Emssom, S =T
e SN - WOl e CT SR

Halostoction |——»{ Ly sorage |»{Lrzaepansing |+
s 1

|LH transpert (lorry) : Infrastructure
H Operations

gen suply §

Overall System
Integration

Functional unt (e.g!1 pAm),

Turboprop

Sustainable Aviation Fuel
Entry Into Service < 2040
250 Passengers

Mach 0.62

Turboprop & Fuel Cell
Liquid Hydrogen

Entry Into Service < 2040
250 Passengers

Mach 0.62

Fuel Cell & Battery
Liquid Hydrogen

Entry Into Service < 2040
70 Passengers

Mach 0.55

2 eXACT

IAIE The Institute of Applied Energy

Loza
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DLR.de = Chart 7 > Climate-Meutral Flying: Opportunities and Potential of Hydrogen in Hamburg as a Center for Aviation = Dr. Bjorm Magel * Hamburg = 17.08.2022 S

Detailed Aircraft Integration

Digital Engineering

- e

Technology Validation

Copyright; 2022 IAE. All rights reserved.
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Technology Cross-Culmination in Hamburg and the North of Germany

! Wind Energy
DLR
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CLEAN LOGISTICS MAKES TRUCKS AND
BUSES FIT FOR THE FUTURE

OUR MISSION

» Clean Logistics decarbonises the transport sector

by converting conventional buses and semitrailer
tractors to hydrogen drive.

» Clean Logistics replaces the conventional diesel

drive of existing vehicles with emission-free drive
technology and innovative control technology.

» In this way, we are moving heavy duty transport

and public transport into a climate neutral future.

Clean Logistics SE | Confidential | 08/2022 | DLE

LAE The Institute of Applied Energy F TERROTLEERNLDIRRSIA Copyright; 2022 IAE. Al rights reserved.
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FYURIANT TRUCK: THE TECHNICAL DEEP
DIVE!

Hydrogen tanks:

£ ’ Protected by carbon casing /
refueling without cooling
o . at 350 bar
.
) Powerful fuel cell 4 I - Wear-free electric rear axle with
from leading manufacturers {4 wheel hub motors developed by

Clean Logistics

. Standardized Conversion using
approval procedure standard processes
i
Independent
component selection

Intelligent operating software developed by Clean State-of-the-art batteries / due fo global and broad

Logistics for confrolling all drive elements and Take-me-home reserve / supplier networks

driving situations; coming OTA-capability, operating high recycling quote

strategy management, telematics systems

- HYDROGEN FUEL-CELL ELECTRIC CONVERSION KIT, SUITABLE FOR ALL RELEVANT TRUCK APPLICATIONS

Clean Logistics SE | Confidential | 08/2022 | DLE

\AE The Institute of Applied Energy i HTERROT LS ENLDIRISIA Copyright; 2022 IAE. Al rights reserved.
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Norddeutsche Wasserstoff strategie (20195E11H7H)
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NORDDEUTSCHE
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https://norddeutschewasserstoffstrategie.de/wp-content/uploads/2020/11/norddt-H2-Strategie-final.pdf
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Growthin

Renewables
Feed-in tariff creating fast

growth
. Wind energy
PV

. Biomass

The circle diameter is proportional
to the electrical capacity.

Year 2020: >1,900,000 units S Sources: 50HertzT, TenneT, Amprion, TransnetBW, internal data ~ © GTAI 6
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Expansion of the Electricity Grid in Germany
An enormous expansion of the high voltage grid system is required
Grid Expansion Distance in Km. =N T”s‘lm
AC-New Construction 450 $a% o
DC-New Construction 2,150 =
DC-Interconnections 250 . i u_,;
AC-Interconnections 50 ¢ /f%;m i
AC-Grid Reinforcement 3450 P
Total 6,650 - e
Expansion and Reinforcement -
Onshore grid estimated investment: pass
Total 72,5bn€ ':"’ -
- DC Network Expansion 13.9bn € o
- AC Network Expansion 20bn € ool
-Reinforcement (current DC and AC lines 38.7bn € Lugwny /,Z"—“
Offshore grid estimated investment: e e e Tt '
Total 33bn € s o e s w
MNate: Dato is based on the Germon Network Development Plan 2021-2035. 5cenario A 2035 Fossil: 61,2 GW Renewabie 233,4 GW / Offshore tronsmission capacity 28 GW.
The plan is re-evalugted and updated every two years, next vpdote in 2021, Source: BNetzA April 2022
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New Hydrogen Infrastructure

H, starter network 2030

generation of H2

B8 : 2030 X TDETE
R RERETE
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gas and H2 from overseas

Source: BMWK 2021, FNB Gas 2021, Chemical Parks in Germany (qgtai.de) 2022

A pipeline network to supply the German industry

Wind (offshore) will play an important role for the

* The NG infrastructure will be repurposed for
hydrogen transport in connection with the
European hydrogen backbone

* Storage capacity and 2 H2 pipeline networks
already exist and will be further developed

* H2-ready LNG terminals are being built to import

© GTAI 30
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Source: BMWI 2021

Hydrogen IPCEI

Important Projects of Common European Interest

Q @

e BMWiand BMVI have selected 62 large-scale hydrogen
projects to receive government funding

e Over 8 billion EUR available in federal and state funding

e The projects represent the entire value chain of the
hydrogen market

e A major step on the way to climate neutrality for Germany’s
economy

Production

Infrastructure
ﬁ Industry Use

Mobility Use

Pipeline

© GTAI 40
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Hydrogen Technologies in the Energy Transition
[nitiative AquaVentus offshore electrolysis plant

Key Parameters

* Project name: AquaVentus
s Generation capacity: 10 GW for green hydrogen
* Green hydrogen production: 1 million tons/year

* End of construction: 2028 (2035}

» Funding: Up to €12.48 Million from the Federal Ministry of Education and
Research (Germany)

» Set up the first offshore hydrogen park until 2028 * AVIA *  Hitachi Energy * RWE
» Reach the planned generation capacity for green hydrogen *  EnBW * J-Power *  Shell
from offshore wind energy on the island of Helgoland and «  EON ¢ Linde e Siemens
transport it on land Eraunhofer «  Marubeni R
. ,:;r;]:gg ;ﬁr n?al,i';gt term integration into the European GASCADE «  MHI Vestas . Vattenfall
© GTAl 41

Source: https://www.aquaventus.org,/
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Hydrogen Technologies in the Energy Transition
Linde’s construction of the world's largest hydrogen electrolyser

Key Parameters

* Input power: 24 MW

s Hydrogen production: 3,200 tons/year
¢ Start of operation: 2022 (second half)
* Funding. €15 million from the FGR

_

Commissioning the world's largest PEM hydrogen * Linde

electrolyser in Leuna
B *  |TM Power

+ powered by certified green electricity and later by renewable
energy generated nearby

* (Construction of a new hydrogen liquefier in addition to the
plant

© GTAI 42
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Hydrogen Technologies in the Energy Transition
Real-world laboratory “Westkiiste 100” in Schleswig-Holstein

e UISTHIST Grliner Wasserstoff und Dakarbonisisruna im industrisiien MaBstas I(ey Parameters
< PR -

* Project name: Westkiiste 100
* Input power: 30 MW
* Project period: 2020 — 2025

¢ Funding: €30 million from the Federal Ministry for Economic Affairs and

Climate Action
N
» Map and scale a regional hydrogen economy on an industrial *  Hynamics Bt
. rste
scale Thyssenkrupp

* Produce green hydrogen from offshore wind energy and use FH Westkiista * Raffinerie Heide

the resulting waste heat * Region Heide
* Holcim =
» Hydrogen can then be fed into gas grids and used for the * Thiiga
production of climate-friendly fuels for aircraft * OGE a S e o
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