Legal information

Publisher:
TNO
Princetonlaan 6
3584 CB Utrecht

EMal:CH@I | NHI ¢H
Web:QOQQEZNHI ZHF

ONBIEt L

Logan Brunner

Néstor Gonzalez Diez
Hester Dijkstra
Dr.Remco Groenenberg
Dr. Durgesh Kawale

Dr. Joris Koornneef

Dr. Yeshambel Melese
Dr. René Peters

Lydia Rycroft

Ellen van der Veer

Il =EHI QF?>A?G?H

Fraunhofer Institute for Energy Economics and

Forschungszentrum Jilich
(IEK3)
Wilhelm-Johnen-StralRe
52425 Jilich

EMail:C?2eI@ E L ? N DLOR:FNJ| =

Web:www.fz-juelich.deliek/iek-3/

Dr. Dilara GuicirCaglayan

Dr. Simonas Cerniauskas
Dr. Bastian Gillessen

Prof. Dr:Ing. Jochen Linf3en
Edgar Ubaldo Pena Sanchez
Prof. Dr. Detlef Stolten

NM R =1 HNLC<ONI

Energy System TechnolodyEE)

Jochen Bard

David Geiger

Dr. Carsten Pape
Maximiian Pfennig
Marie Plaisir

Dr. Ramona Schréer

#1 H=?INMRAHL

$?O0ONM=BH AHPNALC? G<(

Deutsche Energidgentur
GmbH (dena)

German Energy Agency
Chausseestrasse 128 a
10115 Berlin, Germany

E-Mail:info@dena.de
Weh www.dena.de

Michael Bakman
Simon Imhoff
Hrvoje Brlecic Layer
Hannes Seidl
Jeannette Uhlig

Becker Buttner Held A O O ' (BBM)

Dr. Dorte Fouquet
Dr. Ursula Prall

9>7?H: &

U0
uger


mailto:info@tno.nl
file://///vmFile16/Global/Kommunikation/02_Corporate%20Design_Produktion/01_Publikationen_allgemein/04_Bereichspublikationen/2022/1_Zukunft%20der%20Energieversorgung/1_H2%20&%20synthetische%20Energieträger/H3-Study%20Deutschland_Niederlande/Final/www.tno.nl
mailto:iek3-sekretariat@fz-juelich.de
http://www.fz-juelich.de/iek/iek-3/
mailto:info@dena.de
http://www.dena.de/

) G; A? =L?>CNMt
"?NNS ) G; A?Myp #B; LFC? #B?MPC=E

, o MN OJ>; N?>¢t
Uij:f[]i]

l'FF LCABNM L?M?LP?>¢€ ! FF OM? | @ BNB QM | JD<=ANC =;| NHOM | H. NCCMO GM &I
&l LM=BOHAMT?HNRBGEZ* vFC=B ; H>

OF?; M? =CN? NBCM JO<FC=; NCIH ;M @ FFI QMt

$?2ONM=B 2 APNDLAGD® O<FCMB(?th ; &Mk ? H2¢ (BPLUA?H OLI >0O=NCI H @L
NI $?2=;L<l HCM? NB? $jON=B ; H> '?2LG:; H ) H>OMNLS

-1L? CH@ LGSWHC)| A2 K? ONS ¥ IOA T ( E E
/| @@MB1 L?? ZCH=l NCT® NBRG$SBNEB>O!

Ministry of Economic Affairs, ’ 4BCM JO<FC=; NCIH CM CMMO?> | H <?8B
4

Innovation, Digitalization and Energy of the {
State of North Rhine-Westphalia ) HHI P; NCI HZ $CACN; FCT; NCI H ¢ AMN%AB

4BCM JO<FC=; N€C€BHF @Ml @MNB? >- CHCMNL
#FCG; N? OIFC=S | @ NB? . ?NB?LF; H>M

Ministry of Economic Affairs and
Climate Policy of the Netherlands

Federal Ministry This publication is issued on behalf of the Federal Ministry
for Economic Affairs for Economic Affairs and Climate Action. The German
and Climate Action Energy Agency (dena) assists the Federal Government in

various projects to implement the energy and climate targets
in the context of the energy transition.




#1 HN? HN

1. EXECULIVE SUMMAIY  ..oiiiiiiiiiiiiiiiii e eeeies eeeeeeetiee e e e e e e e e et taaaaeeeaeseeeaeran s 5
1.1. Results of the feasibility STUY.........ccuuiiiiiiiii e 5
1.2, KEY fINAINGS. e iiiiiiiiiiiiic e ————— 8
1.3, RECOMMENUALIONS. ......ittieeieeee ittt ettt e e e e e et e eme e e et e e e e e e s bbb et s e e e et b e e e e e e e nnnnees 10

P2 [ 11 (o o [F {1 o o H PP PP PO PPR PP 12
P20 S = 7= o) (o ] {011 o o FE O PP PO PP PP PP PR 12
2.2, G0BIS. ..ttt e et e e n_— ettt e e e e e e e e e e s s ennn e e e e e e e e 12
2.3, SHrUCLUIre Of the FEPOIL......ueie e serre e e e e e e e e et v e e et e e e eeas 13

3. Hydrogen demand ........ccccccoiiiiiiiiiiiiiiis ceeeee s eeeee e 14
G 70 I =T ] g To] (0T V= 1T Y= g =T 14
3.2, MAIKEL @SSESSMENT.....ciiiiiiiiiieieie e iteet ettt e ettt e e s rmnnab ettt e e s s bbb et e e e s s ammma bbb e et e e e e e nnnnee s 19
TR O B = 0 F- T (o [ Tol=T g o o B PP PPTPPR 26

4. Hydrogen production from offshore wind ... 36
4.1, SUPPIY ChAIN CONCEPLS....cciiiiiiiiiiii ettt ettt e e e menr e e e e e e enbeeas 36
4.2. Offshore wind potential @SSESSMENL..........cuuuiiiiiiii e e ee e e e e e e e e e e eeaans 37
4.3. Hydrogen production SCENANOS.......cccceiiiiiriiieieeiimmiiiiieeeeeessiieeeeeeessmmmsirneeeeessssnrnseeesessmmene s 40
4.4.  Decarbonisation POLENTIAL............uuiiiii i eiceee e e e e e e e e e e et ————— e aaaaaaa 53

5. Hydrogen transport, storage and import ... e 59
ST I [ i oo U [ 1o T o HN OO PP PO PP PR 59
5.2. Methodsp hydrogen transport, storage & import infrastructure...............ocoooevvviviceme e eeeeeeeinns 59
5.3.  Transport analysis via NEtWOork MOGEL...........cooiiiiiiiiiii e 67
5.4, RESUIS....coiiiiiitieiiee et e e e e e e s et e e e s nnnr e e e e e e s 68

6. Hydrogen market potentials and barriers ... 76
6.1. Value chains and BUSINESS MOUEIS..........coiiiiiiiiiiiiieee e 76
6.2.  Total cost of NYArogen SUPPIY....cce et 78
6.3.  Benchmarking COSt Of NYOIrOQEeN........ooiiiiiiiii e e 80
6.4. Possible transition pathways for developing an international hydrogen backbane................ 83
6.5. RegUIAtOrY fraMEWOIK .........veeiiiie et eeee ettt e e sttt eenme e e e e 86

FIUIES .t oee et oo e e eeeeee e e e e e e e e e e e e e e e e e e e e e aaaas aaeeeeaae 97

1= o 1= 101

00

MERA NS



(2] ] 0T =T o] oY/ PR 102

GlOSSAIY ...ttt et eeeeeeeeeeaeea e e e e e e e e e aaaaaaaes nnaeeeeeenana——— 110
A.  AppendiX: DeEMAaNd SCENAIIOS. .......ciiiii e iieeiiiiiiies ciiiie e e e e e e aees aeereean——— 113
Al Description Of MethOdOIOgY.........ueiiiiiiiiiiiiii et emme e 113
B. AppendiX: ProducCtion SCENAIIOS. ........cccuuiiiiiiiiiiciiiiiis eeeeitiiie e e e e e iraeaaaaaas 114
Bl Wind POtential ASSESSIMENNL.....c.coi ittt e eeet ettt e emmr et e e et e e e e s s mmmsseeeeeeens 114
B2 Hydrogen production potential aSSESSMENL..........ciiiiiiiiiiiiiiiceer e 122
B3 Decarbonisation POtENTIAL............ciii i 134
C. Appendix: TranSPOIt SCENAIIOS .......ccevvuiiiiiiiiiieeiiiiis eeeerriar e e e e e e e e e rraaeaaaaes 136
C1 Technical challenges of infrastructure modifiCations................uvuviieiiiimeciiieriiiiiieeeeeeee e eeee 136
C2 LT 070 S (] o Yo ] [o T VA 136
C3 Transport analysis Network MOdel............uuiiiii i e e 140
C4 TrANSPOIT SCEMAMOS ... ..ttttteeee s ittt e e ekttt e e e e e et bbbt e e e amme s s bbb et e e e e e e saab b et e e e emme s e abbeeeeeeeeannnnes 144
o0

MERA NS



1. Executive summary
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1.1. Results of the feasibility study
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2. Introduction

2.1. Background
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3. Hydrogen demand
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Fuel cell bus
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Fuel cell passenger car
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3.1.2. Industry
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Basic chemicals
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3.1.3. Hydrogen quality
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3.2. Market assessment
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Methodology
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2030 total H; demand by region and sector
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Morth Rhine-Weslphalia: 1 TWhia
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2050 total H; demand by region and sector
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Morth Rhine-Westphalia: 32 TWhia

HDW

Bus

4%  Train

48%

Car&LDv
Metherlands: 35 Twhia

HOW

Fegional trasport H: demand [TWhya!'al

51%
Car&LDV
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