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V—HA OKFEHR) T7av s b ORBEBRERDOBH DL, 7V —vIKHKIZ, ZDF
FIAALTF—FX VT LTHHAING 2, A £ volRIRRE 2 8LET 27201
ILICAREING, 2o DML, KEDHBMERET 7 v FCERIET 7 v FD—
e L CHEInzZdboThH Y, RN ZAEAKEI 2 B LTk 53, 2~3 FH4H)
LERICHEILEIND T —ARL o T 5,

Lo L7edis, 2019 FRES CHI 95 Do — Y —H R - Fud o 7 FBREEL, E
ICEE ) T4 B&AET e, BEMEEI ALY —D 7 ) v FFHED 70 05 7 bk
ELTCHAEBBKRERERINTVE, 2NbD7Tay 27 FDOIRITEEIZI N A VT

10 https://corporate.exxonmobil.com/News/Newsroom/News-releases/2021/0712_Air-

Liquide_Borealis_Esso_TotalEnergies_Yara-collaborate-on-decarbonization




REIIH58MW TtH o, 1 KfEH7-0 1.1 b

7N
iy

WIED

7
YD) —VvIKEREET IEENICHY T S,

fiz:

==
F,

EEINTWE, 2NHD

KREEE
O S£EREHR

W = N O 0 W = o O
L= B = B B |

() BEFFEHHEBEVONTE |

N
XO¥ 1N
EK—IDNL
KN
< —
MNY2NNZ
—MIIN
Ky K
Xa¥ il
RIDAR
NIDAKXK

IhANF—O

KDH—1RN
MY KINAL
*—KLDN
Xy X

NY DAL

TANPN

X fir %X

& 2 EHDKRELERE ) ) A

-
[

KRR

19

23



2. 3 IKFBoEHE

W CiE, Ak R 28w T 0 HSGHE R 0% < o /N T DK AN 1%
FRMEL L T Zrn, AKRAFEMEK & IHBMEER 2 i Sk 7k e LT, —#IdEMH
NATTA VBRI TS,

K21, WINTHEIHDNA TIA Vv ERLEZSDTH D, T2 Tldk, ERBRINGE
ElicEslF 234 754 vilgnETe s 27 20T 5,

Iy FT—=04%
North Europe NV F— FTVE 949 Air Liquide
Ruhrgebiet FA Y 240 Air Liquide
Rotterdam FIvE 140 Air Products
Leuna-Bitterfeld KA 135 Linde
France Center East 77 VA 57 Air Liquide
Rozenburg FovE 50 Air Products
France South East 77 VA 42 Air Liquide
France East 77 VA 37 Air Liquide
Teesside A FY R 35 Linde
Heide FA Y 30
Stenungsund AV =TV 18
Dunkerque 77 VA 14 Air Liquide
Hoek-Sluiskil A7 VR 12
Burghausen FAY 8
Priolo AZY)T 6 Air Liquide
Teesside ¥R 5 Air Products
Le Havre 77 VA 4 Air Liquide
Monthey AA A 2 Air Liquide
Porto Marghera A207 2 Air Products

A&t 1,786

22 BRI CHREF OKRFEANL T T A v
F* TR
F 7 v AT 2018 Fic 7 —72 + 2T 4 Z2AF ) (Hoek-Sluiskil) [Hd2E 12km D

NRATTAVRBE@ERB L2 SHNIERARTRAANA T T4 v E2RELZDDTHD,
FECIXER 4ATWh O/KFEEEHIET 2 720 ICFHI L Tn 3,



FT7VvRETIE, HR BRIV v FEELZMETH %5 Netbeheer Nederland 23, 7K
RGO ARG A Yy P T — 2 BT M RITo TV 5, TOIFETIE, KFEH A
G IR 2 TR - RIFRER S I oW T RbnT\w3, 77 v 2T, 2019 4 11
Hic, REICE T 2KEBEANCHZ>TAZ Y OMEA Y P —2 B - £ — I F
USRI TIBTEMN R ENCBI L CH R A v 7 T HEE N CIT o SRS A
RIn, ZoWMETE, BRETRCB T 2KEEHE LN 2 2 720 OEFiTY
G 2 MZRERTH B L EEERMT T T3,

FIZVEDHATY v FEFEHZTH S Gasunie thid, BEFED A 2 v 2 fi{A4 v 7
FEAHALCAHIZ v EL VAV EZDRCKEBEHN AL v 7 7 OREfHICOWCHEZLT
2T 2% [FthiE, AKE AR IZRFERIL - HRFIA - B8 (CCUS) il ié
DETRAT AP HERIND Y, TANLF—BAITICE W TCIAIFEESL KGR E
FoBRAEMREIALF—F2FHL CEINEKE () —vikE) PEEREE%
RizdceickhseFHLTCw3, Ftkix, Eidor—-2 - 254 2% (Hoek-
Sluiskil) [E]XA4 794 v 2 EDBEROKZETvy =7 M5 L TWwW3,

KA

Equinor tt& FA Y@ 7Y v Vi@EMHE TH % Open Grid Europe (OGE) thix., F
AV ENTERKRFKRKFZORBIE A EA LK 2720 DIFE 7wy = 7 + [H2morrow |
DHEKEITo T2, 2030 FFE TIC, BEIFDOA X VY WAL T T4 v EFIFHL T, CCS
ZHEORARHADKAGKHAIC X > THIEI NTKKRE / VY 2 —2b P4 YD)
NETAY - T2 A7 7 =LY MOEERTTY Fa—F—miFicHERH 8.36TWh
WX 3 52 L2 TELTHDY,

FAYicEF 24 =757 [GETH2] &, $h&EMN Rz r 0¥ —B17% ]k
KT BKEA V7 TORKEKT 22 2HMNELTE Y, BEFEA v 7 T L
HLAaRb7uyer rofatEEzBeT L Twa, BAERKICiE, BEMRET AL X
—RIEAL77) —VvIkEE, BEOH AN T 74 v EERHL Ce = okEE
FEPOHIHETCOZ) v FEEETZELHIC, INbu—h LD )y FZHEIC

https://www.linde-engineering.com/en/news_and_media/press_releases/news_20130925.html

https://www.euractiv.com/section/energy/opinion/how-to-regulate-hydrogen-networks/

https://www.equinor.de/de/aktuelles/h2morrow.html

https://www.get-h2.de/en/initiativeandvision/




NATTAVTORERFAYTOAy PT—HEEHIET D TH B, 204
ST FTDNR=FF =, FAVDETAL AT LFEEETH S Gascade #H%°
Nowega t1:. Thyssengas tL7z & 23& T3, [GET H2] o5 X—+F—Tdh
5MWRE - TANF — - ') T AR IKEM) 2, FA4 Y oRILZEE 2>
DIRFEA A7) v FEEOHFIRIEIC O W T OENRET b 1fT-o T b,

21 : GETH2 4 =3 7F 7HIET N 4 VKELEH

15 https://www.get-h2.de/en/initiativeandvision/




4% =

A ¥V R T, 2016 47 AHic [H21 Leeds City Gate] a3y =7 F b EF S
Nz, BFED 7 AMERGEH D 100%/KFFHZBIEET b0 TH Y, 4 F U X il
Leeds #Z . cFEEE L 5,

74 =YY T A HETIE, REOAFAEAES v b T — 7 % 100%/KR ICHHT 5
L XEANICTEIRE T H D, EHOA VW R CEHTX 32 EAMRINTW S,
B DOHE 1 7 2 — X TIKBICXZHET A 774 voiBHEEFICO W T
a3 T 7210, BTEfTONT W B 2 7 2 — XT3 100%/KEFH %2 LB 3 % 72
DOEAK A VT F v AFNEFICET 2098 FAEMTO FPEL o THY A
EHHER (Ofgem) XV 680 TRV FDA /) R—=v a VEEDBRFINTnBY,

Z o (X & vigks v 7 7 D)

WED A X Y HADENEA v 7 7% 100%KEHE LCHHAT L, £213kFEER
KT ADREH AEECHAT 2 C LA SN T v b, BUNA RS EAHE A
(Marcogaz) 1% 2019 FIC/KFBIRED DI ARV ITAA v 7 7 ZHHT 2 lEEl:IC
DWCHHi%#fT>CE Y, UTD LB —EDRSGHT ADFHAREREZ R L T 5,

H AL - BT - BEGO 4 v 7 T ROMEER AT A E R T. EERoE AR L
ICRRH R Lk ((EREH 10%) DIRE N R % {# Al hE,

—foA Yy b7 =7 LEERHAKEIX, BEEZMZ S LI X Y KEERBL
20% % CHEEICR B L EZ DL Z B,

L DT¥#E 7o (AR LTHRAZRAT 2D 0IRERL) TiE, ZEZN
252 L A 5% DKEDRATADFEHLAEE L EZ b D,
BITORBRAN AL - v, RARF A ZFRE LT 3%, £ 72T
KIRH A (CNG) o2 F—r8llx v 713, VEOKZICH L THEBIETH
D, XU EBEEDKEICHZ SN D7D OWFIERTE K AN K2 ET 3,
BVILBEEEAR (JFeoN—F =7 &) 13, BHEZMA 5 T & 7 R 15% D/ksE
DRET AP REL HE 2 BN D,

16 htps://h21.green/projects/h21-nic-phase-1/

17 https://h21.green/projects/h21-nic-phase-2/




T, —HW 7Y v FicBT 2 KRAHT A LIKFEDIREHT ADHHICOWTHIEZTT-
(b‘élgo

LR e By, KEMEGHEOMEEDHIERME L LT, R EKKRDREN R & BFED
HAMFGRE A ERA L T2 2 2 ic X b, FIRAM D BEfE D B ABER O R & A %
BT K KFREEMITERT 2 HAPED SN Twd, KIND 23 D
AA VT TRFETHER S I DOKEHHA v 7 7#EZHI 34 =7 F 7 Gas
For Climate | %, 2020 FEUCIZBRIMNCTKRFEH DA v 7 7038 L. 2040 % Tic
RINIC BT 2 KFRHEH A 77 4 #8IEEE 39,700km 1EL, 4 v 7 ZEERHIT
430~810 fEx—wic E3 ¢ FRERLTWE (K22) v,

INoD7u Yz M XY ZRRICRFFRH IR & 15 —J5, RIRH R LIKHR
T2 DR R, AT T4 veary 7Ly - YoigHlcd | T 55
il THRD LN BN RE S, TDD, RATANGKFE~DAY F T =27 D
KB ZR LAREIC 13 % < DEANRIFEEES PRI N, HELRFEIE 2T 2 Z L bR
TWwa4,

22 1 Gas For Climate 2H¥59 2040 FE/KFE X4 75 4  #(Gas For Climate)

18 https://www.marcogaz.org/intranet-hub/blending-hydrogen-from-electrolysis-into-the-european-gas-grid/

19" https://gasforclimate2050.eu/ehb/

20 https://www.ey.com/en_nl/recai/why-hydrogen-is-starting-to-get-the-green-light-in-global-renewables




3. BRMEARTINESEIC BT 2 BER

BN Tl BIEA (EU) & L ColiiRIE, KRG ED b, Z DBOK % B
F2OOMBEEIC W THEOBERZITHH L T b R L ¥ — 253 (World
Energy Council) ®O#fEHC XX, 2021 45 7 HIRYE, < 12 oFE & Hill sk E
B ZFOEL TH Y, 20 bWINA 8 » [ - Mz HoTwd, £/, 19 0EIcE
VT YRR OFIE ICH T TR ZED LN TE Y, ZoHTHEINIE 8 22E & L%
ZiHH T3,

ARIETI EU I 313 2 BN I 7] 1 7z i ik 3= S UK FER RS I mN g 72 Bk & . BR
MEEE 10 »E (Fv~—2, 77VA, FAY, JArVz— AX[ v 4TV
ZAFXFVA, AV z—=T v, 747V F, ¥V v %) OBORKROIER, BEHk
MEICOWTE LD 5,

B KREREHEREF
N REE RSP
BUeREm

23 ﬁﬁ@7k§'§$j€m§%ﬁ:{k(ﬂ (World Energy Council, National Hydrogen Strategy)

21 https://www.worldenergy.org/publications/entry/working-paper-hydrogen-on-the-horizon-national-hydrogen-

strategies



3. 1 HHMES (EU)

RRMES (EU) Tl 20194FIC7 v T 7 74 7 v RAMINEE R ICHTE. 2
— Ry = a— b TV ROBRFICIANT R 2 BEE 24T b H L T & 7, BUFIE# O
2019 4 12 AICIEBRFBIC L 2H L OEERE LT TBRINZ Y —v T 4 =] 2%
KL TWw32, Zhid, [UEZH)NC K 2REOE{LZ TR & MROFETICED 2 &
Bl EALE-DF, 2050 FEF ToAMETN - GHG P2 miER 2 HEZ & 8o, MR
BIREHL L 2iTbHLEbDTH B,

PRSI T 7250 —2 & L CKENRY EFbhTs b, EU ke LTKkHE
FIFIEAEICEL D fl A, E 7. D720 DR %EIT S 2 & 2% L L CTigiF T 5 (2020
F£TH, THAALF -2 27 LA, EU KEBI), < ofinic EU MNEAE D I
JG U, B ENC CEZOKEEME 23 50E & v, BiRFEIicm T CKFEAERE, FIF{EE
B L LT3,

¥ 72, 2020 ELAFED Covid-19 BEAHEAIC X 2 KR~ 0 H TR IC S 2 DJi1A
TERFIEMAENTEY, 770 — MR T 2 il % 2 Kk LR EZITHH L
Tw3, EURINLoBRICE Y, BEAMRKBZNZ 0H% 63, BRERELY Y
F ADEK. HEE¥(OFEKZHIEL T3

mgﬁ%-4/&—9avmﬁﬁ

Mabilising research
and fostering innovation
20304+ 2050E D TUEF LA Transforming the DEVWRIBERICE T BRE 1D

EU's e_mmf“r. A zero pollution ambition
ambition for 2030 and 2050 sustainable future for a toxic-free environment
-y AS(HiHE. RESAIE ~{HEE \EER-£HSHEDORS BE

Supplying clean, affordable Preserving and restoring
and secure energy ecosystems and biodiversity

-y B YEI B AT b= O W C Al AR B R YATA
Mobilising industry From ‘Farm to Fork’: a fair,

for a clean and circular economy h“'f“?'f ‘*:I“I ;m;mnnmntai!y
riendly food system

TR - BN D R RSV EE BT AE CAI-MREL T~ DY7MIE

Building and renuvatipg in an Accelerating the shift to
energy and resource efficient way sustainable and smart mobility

EEICHELREH EHELY R E AL

Leave no one behind

Increasing the EU's Climate

Financing the transition

(Just Transition)

TheEUasa 4 n-n MW-4 -& L TOHEU A European [ SRS E
global leader I Climate Pact

24 BRI 7Y — v F 4 — ABEEE (U S —2=— 2 X b —T0eE)

22 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2019%3A640%3AFIN




BUok#, FERE

FERNE

BINZ ) —v T 4 =

(2019/12 #%)

- 2050 £ ¥ Clc5EPA7. GHG HEHHFEE ¥ v % 3EK T

50

- BFER L ERONH O]V BEL 2175,
CHED . COHUE D HUY R X v AdET L~ D AT,

RPN AfiE 15
(2020/3/4 ELEHE)

- 2050 FF CICRMEFL ZEK T B,
- 2030 o GHG HEHHIR H A 1990 L 55% ~60%

WicEl & B3, (fEskiZ 90 L 40%7%)

EU% 2V ) I—
(2020/6/18 i)

) — v REERRETCERENIC, BENSRE TR

AT RE AP B D HIERHER T D 5,

IANF — ¥ AT LA
(2020/7/8 F5%)

© IV F —RhERE— o JFAE R
s JERAI I AL X — 2 T LDORES
- HAERRET A F — D

- R R DHEE

- k. CCUS it - 4%

EU 7K &k g
(2020/7/8 #3%)

2020-24 5 6 GW O Ff = 4 F| 7k 35 0 85&E 3% A
2025-30 47 BIgRZE EEE GHREES D) ~oKkE
FIH

2030-50 4 FHAFORA, T 5 AR5 EK

EU 3 L F e 0 % —
i B
(2020/11/19 %632

- 2030 fF ¥ Tl 60GW D PRSI FKBEOHRE

(2020 1% 12GW)

- 2050 4 % Tic 300GW 0¥ BRI FEE & 40GW Dk

SHCATIC & 5 F L AR TAE 4 L ¥ — DB

e A~—FEL Y 5
4 HiglE
(2020/12/9 %:3)

© 2024 FFECTIIREING 82 D4 =2 T F 7 - fTHIE

W, (2030 EFCco¥uLI v a VOB ALS
ir)

s v HE 7 7 L — RR PR
(2021/5/17 %)

c BHEEESFICE TN —v T4 -k an S

etk o DL Z il HAE DM 2 HiE3 % D,

- 2030 FFFCcic¥ue T I vy a VIoEA, HESTFD

pE Lz X2~ B35,

Fitfor55 Xy 7r—3
(2021/7/14 $2EHF)

- 2030 4 EU @ GHG #EH & 55% 13 (1990 L)

TIENT 27O DBER Ny —

. EU-ETS ~EBIEED G, A= 4 L ¥ —15

4 (RED) SIFE., =HA¥—Fifs4s (ETD) XiE.
REBEIA ~ 7 7464 (AFID) XiE, FuenEU
Maritime 4 =3 7 F 7EEROBERRKEIC L v, KFE
*a U~ 0B T 2T,

TEN-T BORSIEIRE
(2021/12/14 %)

C e & T H oW B EASGHTBICE W T GHG ¥ m

PR E 2B O Y ) 2 —v a2 VRUA v 7 FEA
ZHIg 3,

3 B

REDDFER L 7 T RBREBOR




3.1.1 BRMNSEMEE (2020 4E 3 HEERREEK, 2021 £ 7 AF)

BRI 1 2020 4 3 HICBRIN A (European Climate Law) DIEER % 5 L 72, 2019
12 RICERL 72BN 7Y —v 7 4 — o HEEZ EU OMIFIFRICHEITE¢72d @
ElroTWw3, ToFEHBICKY, EU REEMES A (GHG) HEHEE% 2050 4£F T
CREEw (A b¥nr) RERT2ILEHELLZLbOTHY, 2021447 H 9 H
ICFER L 725,

WELHERIIRFE IO LEA A HERREL T andh oo, H oW 35080
OHEZERICH T CTHBNT 2 Z EBFIN TS, HEERKDO 2O DL — T,
2021 4E 7 HIciRZE X 7 [Fitfor55 %y 7 — | IcCEMK LI nTn 3

312 EU%7V/ I— (20204 6 H)

2020 6 H, EU k2 27 v 7 I —HHAIZ8INL 722, FHEANZ, ER, BINBZE
KR LT[ 7Y — v ] RiEE 2 3 2 EHRICO W C oL@ F & | Fpfiin R
GO AT LT 52 &2 HIEL T 5, Fific AlRERIGEENIZ. BINERER
WKLo TERIN, 27V 73 —%%H'J CBWTEEINT 6 DB HE (RiELH)
DB, KUEEB~DHIE, /K - HHEERO Rt nTRE 2 FIF & (R, BRREF~0F
7. 3D T - il %%%ﬁ@ AREROMRE - ) OS5 bo—DIHFICH
KT 20 003X L s, FRIC, FrErTREZRIGEE) X, 13200 5 DD HIEICEK
REZH 725 L Tk b7\ (Do No Significant Harm, DNSH JEHI]) & 2 nTw3
2022 FELARE, EU NCHRFEXI N2 H LW 5 BRlpGMmIZ, 27V 7 I—IckDo%, 20
HICEENEEEDOREAREEIC O WCBIRT 2 2 ko b3,

BRNZE 2 1E 2021 4 4 H 21 H, [RREBI~O@EIG | KO [ RAGRZBEM] O3R
BEHEICKRE S HkE T 28 70 fFo V) 2 P 2RKXLEZP, 20V R MIEERE
WEI SR EATED, CoficidFEL - IRFETORE - BEYE. Mo R, K
RFET 7 /vy —08ERE TN G, AANBIE CIXLAT Z R nTaEZR d D L EFRL T
W5,

2 https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=uriserv%3A0J.L_.2021.243.01.0001.01. ENG&toc=0J%3AL%3A2021%3A243%3ATOC

24 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32020R0852

25

https://ec.europa.eu/finance/docs/level-2-measures/taxonomy-regulation-delegated-act-2021-2800-annex-

1_en.pdf




-CO2 DHFHEN YR TH L, b LAFENND 25% LA L2 ux I v v a vIRE
2 BT B RN

- Fido CO2 PR % vl e & 3 2 BEER o i

A2 5 D CO2 HEHE % 10%LL_EHTIR S 2 fvin ok R

T/, KFEFEICOWTE, HEHERE OkFE1 b vHizb CO2ZHHE3 b v
T) Z FE->TWwW3 Z & 25Mfic, HftnfgEL EFEL T3,

g7 7 L= 3RANC 3 1T 2 KFEIEL O RIS D W CIEER ISl Th e v s,
MRHED 7= D> DEAMF 2R L T2 LT X 5, KREEL, itflics T2 ¥ux Iy
va VIRB O IZIC R RIRE L A d N, SIS D 7Y =V T 7 4 F YV RDER
fitpsnfREIc 25 L Ao 5,

EU 27V 7 I —ICEEF % Fifi vTRE e R UAIE B) O BTy B HE 1IC D v Tt 2020 4

6 H o EfbIC ikl L CERmoMTh L, FRICRAN R LR F N a2 ED 5 0HE T2
EMBEMECERS D2, HEALEDY ShTwkz, 2Bl RINEESIZ
2022 4E 2 A 2 HICRAR N ZAF B st ) PR T N R B O W % &% 5 BALHAE
ERE L%, RBEHAE L EU HES, BINGESICEWT 2022 FH Z A TICH
WINDTETH D,

3.1.3 EU KE¥IE (202047 A)

2020 £ 7 H 8 H. BRMEFE &1 EU /KFE#REE (A Hydrogen Strategy for a Climate-
Neutral Europe) ##FEK L 722, EUIC L > CTHID CTOKFBICFHL L -8IECTH b,
ETTRE - KKFAKFEE ZAALF -V AT LB 2EBEAMEIT LT 2ICHE>T
WHEL T2 AT v TR BANICRE LZENE L RoTw 5,

EU /KEH#IIZ, EU KEFHGORECH T -EERHEEC~A VA F— v &2
E L2, KEHGEKICHT 7ZMMNEBEERDOBER L BRI OMEZE L T 5,
MMEERDERT 5L 2 A3, EU Ik F 2 KERMICATZr— Ky 72 iR
T2 L, KFERD 2 b FTHRFMOBTER 2 MBESTER T 2 X 8id 2528
TH b, KFEWIEIZ, [EU 0@ Ix, FICE), KBt 2 ¥ —% v
ENFHERKZRERIEIRLZ L TH D, 7272 L, BHW, PRI IR DK

26 https://ec.europa.eu/finance/docs/level-2-measures/taxonomy-regulation-delegated-act-2022-631-annex-

1_en.pdf

2 https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf




FAED O OMGEAPEH B & . T L IR B AEREKZ O 2 5% L+
5720, tMOBWEDKKFKESVHETH L] L LTWn5,

MM B &1, KEBIZIC B W CEMERDORERE & HAERREKELEERICOW
TUTDIEI B~ ANVA =V EREL TS,

- B 17 2—X (2020 55 2024 4F)
AR E R 6 GW, /KB4 FERRA 100 /7 b v
- 272 —X (2025 EH 5 2030 4F)
R E R 40 GW, KFEEERKA 1,000 77 + v
- %537 x—X (2030 4E2 5 2050 4F)
EMATE R E AU 500 GW,
FAERREKET 7 7 vy — 3L, KEBEICER IS

B17x—2X (2020-2024 1) iTBW T [ DK FBAKBMREICHE T T, CO2
B - BRI A v 7 I 080 E L 5| I THE, 52 7 2—X (2025-
2030 ) BT, (LR IGH L 72 B 0 /KR AEFERZ O & & CCS DA
HbEDBi ., — S THEA A7) v Fo—aI3FATREK FE K IREER % R
ICHEFH I 2 1300, KRB K RITBE S & 72 2 D LGB L 2k~ T 3,

Hhgix, [EU o HERIZHE TS 5., FETREK SR, FHEWTRESR ) 2 ik icdiE 2
ERE= 2= P IV BRI ANF -V AT LOMETH S ] LAl Twb, T —KEK
o7 ) —VIKE~DBITOMRIIFRE TN TRV DD, RMNZE B 2K
WTE KL T3 EEET X —HES (IEA) ., EFREAERHE = 4 L F —FBY (IRENA) .
7N —LoN—2" NEF (BNEF) Tlt, % 01723 2030 FFHICTE T35 & PRI TW
%,

EU /KZEHIE L. KFBOFRBIEHEIC H 72 o THRER I FHAETRE - KKRFEAKEICON
TOMRMEREREZMEL LTWw5 Z L 2kl im0z HIgL 7-—#HoE &
DT EToTCwd, FEREIUTDOLEBYVTHY, 74 734 7 A TORMENREA A
DHEHE AT 2 THET T hTw 3,

- B D W7z kFE  (Electricity-based hydrogen) :
IKERIC X W AEREINEKFE, 74 794 7 v To GHG PRI a0 3
B OWERRIC X 2,

- F4EnlfHE/K#E (Renewable hydrogen) :



AR AN —ZIERH L 2/KEBRICXVAEEINDIKE, 74 70470
T? GHG #HH &3 ¥ v iz,

- 7 ) — vk (Clean hydrogen) :
HAERRKEDO A, Thbb 7 ) —VKRDOAZIET,

At EHc I D72 k3 (Fossil-based hydrogen)
LRREIOSEIC XV EFE TN B KHE, 74 7% A4 7 TD GHG i I3IEH
I,

-CCS LA H b 7L EHT B D\ 72 7k & (Fossil-based hydrogen with carbon

capture) .

fERBAEHCEE D W 2KFE D 5 B, KFEELER ICHE T 5 GHG % CCS TRIY
LCEEI B KHE, 74 794 27 rTco GHG #iE&E X CCS 12 £ 5 GHG
FUERIC X 5,

- Kk $%E/KkFE (Low-carbon hydrogen) :
Pk DIk FEBLEIC -~ T GHG HEHH 8 2 R & & 727Kk, B Ic D W i2KHE
® CCS LA b ALK DKFENZY T 5,

- IKFE D HIRE L =& B8R (Hydrogen-derived synthetic fuels) :
KB KO D b LG X 5 SR T 72 IXHAREARL, P42 TRE 72 & BB RE & 2 7
5089 »IKKRDOELEEEIC X B,

EU /KM 35 1 5 Enk AR D e

MMEBELDFE 2 I1Ick 2L, KEIF, TALE—FKBICHE L., BEMEHT 2
HEHRRAEE L WM, $habbikil, €A v b, A7 AEEFORENT 2T Tk
<L FAENE D X 5 AEEH P O —EicEn T, KRB AL F—FHE L CEICLHE
EIND, MAT, KFBEFENSH CHFERIABOZDICHLEL I NS,

VEESEHICB L CEUNEE R [ 7)Y — v F 4 — A BHEEFco CO2 HEH it
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digital-transition-2021-nov-19_en

52 https://ec.europa.eu/growth/industry/policy/european-clean-hydrogen-alliance_en

53 https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1593086905382&uri=CELEX:52020DC0102
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%5 https://ec.europa.eu/inea/en/connecting-europe-facility/cef-transport/apply-funding/blending-facility

% https://europa.eu/investeu/investeu-fund_en
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57 https://ec.europa.eu/clima/policies/innovation-fund_en

58 https://ec.europa.eu/clima/eu-action/funding-climate-action/innovation-fund/large-scale-projects_en

5 https://ec.europa.eu/clima/system/files/2021-11/policy_funding_innovation-fund_large-

scale_successful_projects_en.pdf

60 https://ec.europa.eu/clima/eu-action/funding-climate-action/innovation-fund/small-scale-projects_en
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o1 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:0].C_.2014.188.01.0004.01.ENG

02 https://www.bmwi.de/Redaktion/DE/Pressemitteilungen/2021/05/20210528-bmwi-und-bmvi-bringen-

wasserstoff-grossprojekte-auf-den-weg.html
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o4 https://ec.europa.eu/energy/sites/default/files/documents/dk_final_necp_main_en.pdf
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https://en.fm.dk/media/18774/denmarks-recovery-and-resilience-plan-accelerating-the-green-transition_web.pdf
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HOPE Yuvy =2 177 (30 F2—mn)

2023 ¥ Tic, KL BREIEM A2 v 2 R REE g A Mo a v e 77
FA v ORAF - S & it

& https://www.eudp.dk/projekter/mfc-multigen

76 https://www.eudp.dk/projekter/aegir-reduktion-drivhusgasudledning-fra-soefart-ved-brug-ammoniak-braendstof

T https://www.ivl.se/toppmeny/press/pressmeddelanden-och-nyheter/nyheter/2021-03-02-nordisk-forskning-

analyserar-bransleceller-och-vatgas-for-sjofarten.html




3. 3 79VvRA

77 VARICEBWTIZ, TauY—#%{74 (Ministére de la Transition Ecologique et
Solidaire) AT AN F — KEBEDOBIREZFEL T3,

7 7 v A% 2018 FLRERICKFE — M=y 7 KREBIEEREKL T, S, K
ROEPE - G E A v 7 FRIBRZAIREL T 2 0 OER e a2 L e L
TWnb,

3.3.1 KEBICEET 3ES

77 VAILBWTHEETKEOHNRICEE ST 2ERIIUTOLENTH S, T
NOEESTICEET 2508130 %L A AL F — RO EES T MICEEST 2
@k&ofll)z)o

7)) — RIS 2 2 A F —BATICB T 23 (2015 4F 8 H 17 HATER
2015-992) (Loi 2015-992 du 17 aotit 2015 relative a la transition énergétique

pour la croissance verte)™ :

77 VADI AN —HRIRICE T 2 BRI ik R T h B, R 121 SRk W
T, BARET AL F — RO KFEORFET T v, PO M BE 3 % Bl fomr
R KFAT—vavA vz 78N, KEMHIGA v 7 71T 2 HHIxIGR &
IS E Z AR AL X — R 2 BUTSEET 2 BEAED b TW 5,

EE Y T4 OSAEICET 3% (2019 4E 12 H 24 H A 2019-1428) (Loi
2019-1428 du 24 décembre 2019 d’orientation des mobilités)™ :

KRB D 53 & B 3 5 iR RIS A AN B 720 OUIEE, KEZRELE 5
% B AR AA D OKRIAEHILGR A v 7 7 EE 2 4k 5 T BiRRICBE S 2 — ik
DHEDZTEND,

™8 https://www.legifrance.gouv.fr/loda/id/JORFTEXT000031044385/

& https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000039666574/#:~:text=%2D%20Le%20pr%C3%A9sent%
20article%20fixe%20la,pour%201a%20p%C3%A91i0de%202019%2D2037.




IKFICBET 241 (2021 4E 2 A 17 HfFA A F v 2 2021-167)
(Ordonnance 2021 - 167 du 17 février 2021 relative a I'hydrogene)® :

ITANF —FEMICOKZEEOL L EMZ 2720 D50, KEXIRZEHEICIE
LCX I XEAMBEICEETZLLBIC, PL—H U T4 AA=KLKEA
BIRZ WU KB EFED AAF —LEED S,

77 HIRMICBE 3 % — ik (Code général des collectivités territoriales) 55
1L5217-2.6.1 581 :
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(H4) ) (Arrété du 8 décembre 2017 relatif aux caractéristiques de I'hydrogene

en tant que source d’énergie pour le transport)®? :

i LA % &0 s Ic B 1 28R & L CORKEFMICHE L 51
MIERICOWTERL AR TH Y. BB v 7 7 ERICBE T 2 EU f5
& 2014/94/EU 2T 2 b DTH 5,
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Pluriannuelle de I'Energie, périodes 2019-2023 and 2024-2028) 2324 X #1., 2020 4F 4
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VORI T 5 HEXED T3, FEgIE, 27V — 1+ -BEEZ7 Y —F -
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https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000043148001/

https://www.legifrance.gouv.fr/codes/article_Ic/LEGIARTI000041430276/

https://www.legifrance.gouv.fr/loda/id/JORFTEXT000036171677/#:~:text=Au%20sens%20du%20pr% C3%A9

sent%20arr%C3%AAt%C3%A9,sp%C3%A9cifications%20reprises%20en%20annexe%201.

https://www.ecologie.gouv.fr/sites/default/files/20200422%20Programmation%20pluriannuelle%20de%201%2

7e%CC%81nergie.pdf
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W3,
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7 7 v ABUFIE. 2018 4E 6 A, EWNICE T 2/KFZOFIERHZHEL = AL ¥ —F
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72T ANF — HEERICA T 72KEORE 2R L T 5,

F77 ik, LTD5 oD\EIEHREEZBEL T2,
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%,
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2. RBEI ALY —FHTOMREILAL, 7 7 v RO EIRT (BPD)
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IKFRICBE T 2 B A 2 AL L KFEA v 7 ZHAFICEE 3 2 T HiGR oM

R % BHfiE(L 3 %,
EHNTALF—{Z (ENEDISZ) t#i L, KELENZ) v FokbExiEt
5,

KRBT, BHE 7077 L2t d %,

8% https:/ /www.ecologie.gouv.fr/sites/default/files/Rapport%20H2%20MTES%20CEA%200106.pdf
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7 7 v ABFIE, 2020 £ 9 H 8 H i< /KK HIE (Stratégie Nationale pour le
Développement de ’'Hydrogéne Décarboné en France) % %3 L 72%, 2018 £ DI/KHKEfE
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FIEEEE CIEFIC U T O HEZ I Tw 3,

KFEAPERES) DAL
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ERBT 5, iz, 2040 FFETICSY —vIKFEDEIEE 40%ICHE T 5,

7Y —vELY T 4 ORHF

IKFERRE R -l 7 REEEF B AT L. i %0 5, WK KR O L
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FEINIC 361 % KGR EE SR & BN I D ffE ST

JRSOKRBIHER Z R ¢, 77 v AENIC 5 I~15 JJ NDE - [Hi%
JEMZRIHS 5,

T BRI ROt ToEEEZEFHL T, BRINZ V=V IKBT 74T~
AEDA T FT~DSMET BT 5 E LT3,

8 https://minefi.hosting.augure.com/Augure_Minefi/r/ContenuEnLigne/Download?id=5C30E7B2-2092-4339-8B92-
FE24984E8E42&filename=DP%20-%20Strat%C3%A9gie%20nationale%20pour%201e%20d%C3%A9veloppement
%20de%201%27hydrog%C3%A8ne%20d%C3%A9carbon%C3%A9%20en%20France.pdf
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7T v AL 2021 E 4 HICiEEL - LY ) v REME A RER L -, BEE 410 Ea
—aTHY ., 50%% TIEEH NG, 25%% TV ZALICERET R L LTHY., [UEE
XIS~ DEEEEREL o T 5,

{HEEHE IC 35 1) 2 KEBEEE I oW Cld, Eo/KEBIRICB W TRE I N HIE
WCHEDOW TR I N TE Y, 2 FRofIiIc 7 ) —vkFBEETr Y 2 7 Mic 20 @
—u ST 2EEE o TWw3, ZhICk D, 2026 fEFFTICr Y — vIkERFER
NEFI0T P VIHERT 522 2 HEEL TWw 5,

3.3.6 ¥E 7T v France 2030 (20214 10 AH)

2021 £ 10 H, 7 7 v ABUFIZIESE - Lo ) = v ZGHENICHI S 2 & T T v
[France 2030 %#32.H EF7-%, [ 77 v, HE/H, MEFEHFME2EEZ L
PrERHT, 77 ) — VKB OBAMIIEMEO B, BIT2XET 2 L2 HIELTH Y,
BEHEL 300 12—l b, COPFCHFDORTNIHELBLCH—FRry 7Y —
DKEREETSZEHHIELTW S,

337 79 VvRADXESu I L

7 7 v ABUFIR, 2018 EDKREM 7 7 Vi OKRBME 7 02 = 2 b B
ICBI T 2R 2 EBOBUFERBEIC S 2 T, KFEA v 77 - 727/ uny -7
Yz FEFRICOWTIIBREE T AL ¥ —EHT (ADEME) 28424 %, ANR, BPI
77 vA, TAALF—BITIHZEAT (Institut pour la Transition Energétique — ITE) %
DOHERED, KERHE 7B Y 27 b~DT7 74 F Vv RAEMNGT LI ERAEETH B,

ADEME 7wu ¥ = 7 b

BEE . 2 AL F Mo AR ¢ H 5 ADEME 13, EMic ey = 7 FEES
LTEY, Zo—BRTKEPL, REREDTO 7oy 27 PEESITTDODILTWD,

8 https://www.elysee.fr/emmanuel-macron/france2030




KFEHEIEZ T 7 v 777 2. (Briques technologiques and démonstrateurs hydrogéne)
E, AKFOBLE, EE, FHICBES 2 8P X7 LD, KLz g 5 7
BT LTHD, KERIL 500 Fa2—mThh, 2022 FRETT a7 FHE
PIThbhTwb,

E+t/KkFxav 747 a2 7 L (Ecosystemes territoriaux hydrogeéne) %8, /K3
ERE, PESE - WX I OS2 REST 2 Ty 2 7 b RUA v 7 FTHRESEE R
T30 77 LCTHD, WkFPNCBI L Cld, KERE BB H AR, KEXT
=¥ a VOREBRREEVPEGEENT VS, BIHE 19 Ol - 7 7 X2 —h b HEERESH
o7 mY s MiZDE, 519,800 T1—mOXEEREL T 5,

I FEKBSEE I 2 4 7 N — 3 a v S il

7 7 v ZABFFIZ N KBS E DAL - 4/ R— a v AERNRE L7262 Ehi L
TWwW5, BEHEEUGE, HRYOHEE OHIR. W7 iRE B3 2 Hiffb %, ik
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Wy

7 7 v ABUIE 2013 HE~2017 I HEZHIEIC X Y 2,250 /7 = — v O % i1 5
L7%, AHIE L 2022 £ THEF SN TE Y, 2018 F20 6 2022 FOHRiBhEHIL 7
FVABIFL Y 450 T —nu, 77 v ZKEALH (VNF : Voie Navigable de France)
0 1,250 ha—w &7 oTWwa,

87 https://agirpourlatransition.ademe.fr/entreprises/dispositif-aide/20201013/inodemo-h22020-176

88 https://www.ecologie.gouv.fr/france-relance-appel-projets-ecosystemes-territoriaux-hydrogene

89 https://eur-lex.europa.eu/legal-content/FR/TXT/PDF/?uri=CELEX%3A52013XC0712%2801%29&from=EN

% http://www.fluvial.developpement-durable.gouv.fr/plan-d-aide-a-la-modernisation-et-a-I-innovation-a59.html
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N A i, bk % & o 7 bk 4 72T~ DK FEDISHIC K & e 2 R L T
W3, 2021 4F 5 HICHfE I 25 12 BIEEE A v 7 7L VY RICEWT, X=X
— T b= A Y= (YK 23, fkolEHICE T 2 kRFoEEE, KE
BRI FT B TE ZEENCO VTN TL 57,

PTFicsnwTit, HEHEM~DICHICESZ Y ToD, FAVILB T 2/KRzZ K
HEH - BUOR - BRE O Z BN T 5,

3.4.1 REREA v 7 5 2EEK (2016 4F)

F A YiZ, 2016 FICREBIREIA v 7 7 EEE 2 5KE L 722, 2 EU 28 2014
FICFH L 2 RBIREIA v 7 IS OEERDO —RE LTEREINZLDTH S,

[FHREE 12 3 CICBUERTO D D TH 2 720 KEFAFRORHT ORI Z TERIC KM L <
W3 LIRS AR, [FEETIE, KBRTICEREXRICBIS YY) a—va v gz
b Tk h, WESIFICH LT LNG 2 ZHaRBEEL e ALE M T vz, —T,
PRI ZARARBAEL . L COKFEOBEN #BET T 2 HIZER T 2 X< JHEE T vy
=7 b TH D edships®BITHH I T3,

342 BHETY X 2025 (2017 £)

2017 FICHIREI N VAV OMlET & = v & 2025 13, 2025 FEDHFHEEICH T
FEEREZ T LD D TH DY, HHERAMICE T 2AFRHCEL s hTn s
23, e fUBIELA v 7 J & EHKEE L Ak, KFELTVvE=ZT IS, A XL LNG
SRS THENT WS,

o https://www.bmwi.de/Redaktion/DE/Pressemitteilungen/2021/05/20210510-nationale-maritime-konferenz-

2021.html

92 https://www.bmvi.de/SharedDocs/DE/Anlage/G/MKS/mks-nationaler-strategierahmen-
afid.pdf?__blob=publicationFile

93 https://www.e4ships.de/english/

o4 https://www.bmwi.de/Redaktion/EN/Publikationen/maritime-agenda-2025.pdf?__blob=publicationFile&v=5




F7 Y=y Zit, [dE - 40X —BEEBESZR T, RBREL - #EtEs 27 4
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Bl HEES 2T L0, ALK —B X QLY A7 20tk FEL L GHG BRI Hi#lk
T 5L LTWER, 2N EOEIIE A, F 7. SR BESERIC M CE
FHEFIT GHG BEHHIRICEBA L 20 hid e b kv, L ERLTWwE, 20X 5 %&H
REBEZ,BRBEICL VLI LRI RV 2 X 5 ICAifinZ R 3 2 AlREtEIc D W T
EMRLTVEH0D, KERLTVE=TICEAT RS RIZRIN TR,

3.43 EEY T4 - BRRIEREE (201844 R)

HFSBUMIE 2018 FF 4 AICE Y U 7 4 - PRBHEIES 2 Fo R L 72z, [FIHEIG 12, k3R &R
BIE S B ICA LI IC BN —EDRE 2 R N TER LARLTY
%, edships 7mr Y =7 FOICFE R L TWB P, fipfimd o7z 5 RBME L LT
LNG icfifiz4CcTw 3,

3.44 VA4 YVEFKEER (202046 A)

HFSBUMIE. 2020 4 6 AICESOK TG 2 BAR L 727, Z Oikigix, FRkmyzakR
DAFE, Bk, IR E ZicE) S o 2 ERERZ K2 2L 2HME L TWw 3,
oA T, KUERBEOZEMICEB L, P4 VRBFD 0 ICHi ) a—F =
—VEREL, EEN R A X -BORGHAL ER I €2 L TOER AT v THER
INTHY, FICUToHERERT 2L LT3,

HAMRI AN F —IKL 5250w 3 EE TR ZHIKFENT 5701, =
FF —IATOPIKINEER & U COKREIN 23 %,

IKEBA OGS 1 D 7= D I Bl & 2 i3 5,

SRR 72K SR BRI D WTFERHFE I OBttt 2 et 2 2 L itk b KA v
DB S 2l 5,

CO2 7 V) —ikFEH L % OIRER S DTk O E N 2 ik L BRML T 5,

% https://www.bmvi.de/SharedDocs/DE/Publikationen/G/energie-auf-neuen-wegen.pdf?__blob=publicationFile

%6 https://www.edships.de/english/

o7 https://www.bmwi.de/Redaktion/EN/Publikationen/Energie/the-national-hydrogen-

strategy.pdf?__blob=publicationFile&v=6
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HEOMEEZ L7200 bDTH Y, HEEXICEETZHEE L TCUTD 3 208280
L5,

HIE 6 °
Fl%%k?? BRELVE NN AV ~—v a3 v 7u 274 (NIP) | ic X34 EHE
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g 13
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feiE 28

[HEETIE 7 v 77 4| ICEB T 5 0B EWY 7 —~ [Maritime Green (27°) —
ViEE) 1K 2 B E 2 MB35, 2020 2 5 2024 12 H 1T T 2,500
Ha—apFHEfRE 7w 77 2CEt Eadn s b, 2 o—fEKE & OB
T2 hn[gEL 7 %,

F 72, 2024 FLIEDOFE 2 BkECld. F A4 Y EWNO/KEREEOFE TS % M7~ 3
bDICTBHZEERHEE LTS,

2021 4F 9 H 22 H. N A > @ABUR i3 [k O Tt i s & 2 L 72, 38
DEEBEOEW RN /R I N TH Y, WEICBEL Tk, MERARIE 7027 A
(maritime.green 7’0 77 L) OEEEREFH SN T3

% https://www.bmwi.de/Redaktion/DE/Publikationen/Energie/bericht-der-bundesregierung-zur-umsetzung-der-

nationalen-wasserstoffstrategie.pdf?__blob=publicationFile&v=16
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EIGOK MG I 2. MINIC X 2 KFEHEE & FE7E3 %, 2019 4F 11 Hic i, dsicim
FTBIIC X DI F A VKRS IR S L7z, & OB CIE, B % Huiick
FATHERERAIR T2 2 L2 HIEL CTH 0, i - B4 v 7 I 0 EE R E E R
FTLiRRTW3, T, KEBFMNMEETHAL Rlike— FARHREL 5 X 5.
CNANFE—ZNBKERERAT — a v OREFKHIECETF w3,

FA VBRI AIE L, dbifEe S MBS T2 2L AT 4« AR Z A4 VM
1Z 2020 4E 10 HICHUBOKBEIE 2 R L 219 koA r¥F—L LT7 Y —viK
FOWKICEH Y M L LTE Y, 2023 FF Tlc, KEBEEEDOILKA, WFERFE. 41 v 7
FBIFRZEIC 3,000 2 — v &L EITS L LT3,

345 FAYVERZAALF— - ZEHE (NECP) (2020 £ 10 A)

FAYIE, EUBIKHEOWEREA I ALV —BOEDO S8t 2 L O ERKZ AL ¥ — -
SUERTE (NECP) 1% 2020 4F 10 A ICBINBESICRHB L7z, F4 Y ® NECP (%,
T AF — - SR EAEBERIC AT, ERER R B %8 U 72 GHG HITEEE © F2 it 23 R
R —AICBWT, HAERRENONMPEE L 25 LML T, 2D X5 HE
¥v s x—0—fle L ORESITFH BT LT 5,

CoFHMEOF T, FAVEBIfEh—Fyvoa— IR R - BREZELEST 2720
DEMRFIFECREE 7 v X O - EBICH T BB 2T E KL=, 7277 L.
RS T BRI AEERE ZT N TRy,

% https://www.hamburg.de/contentblob/13179812/f553df70f865564198412ee42fc8eedb/data/wasserstoff-

strategie.pdf

100 https://www.schleswig-
holstein.de/DE/Landesregierung/V/Presse/P1/2020/1020/201020_Wasserstoffstrategie.html

101 https://ec.europa.eu/energy/sites/default/files/documents/de_final_necp_main_en.pdf
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FAVBFIZ. Covid-19 AR D EH b OEIES R T 572 ©, 2021 FF£4 H
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BIRD 2% % HDTW5E, ERERIZUTOLEEY TH Y. HEksE ik kE gk
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—u R, FERMECLI LWRSAICEHL TR 10— K Y INE TFETH S,

102 https://bundesfinanzministerium.de/Content/DE/Standardartikel/ Themen/Europa/DARP/deutscher-aufbau-

und-resilienzplan.html

103 https://www.bmu.de/fileadmin/Daten_BMU/Download_PDF/Glaeserne_Gesetze/19._Lp/ksg_aendg/Entwurf/ksg_aendg_bf.pdf
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N A Y BUFIZ, 2018 I EFHIFFEEREE 2025 (Maritime Forschungsstrategie 2025)
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2016 I Co7a L1 72 —RICBWT, FAVEBIFEEERLD 14
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104 https://www.bmwi.de/Redaktion/DE/Publikationen/Technologie/maritime-forschungsstrategie-
2025.pdf?__blob=publicationFile&v=12

105 hteps://www.bmwi.de/Redaktion/DE/Downloads/B/bekanntmachung-zur-foerderung-von-forschung-

entwicklung-und-innovation.pdf?__blob=publicationFile&v=4

106 https://www.bmwi.de/Redaktion/DE/Pressemitteilungen/2019/20190207-bareiss-forschungsinitiative-

energiewende-im-verkehr.html

107 https://www.bmvi.de/SharedDocs/DE/Artikel/G/elektromobilitaet-mit-wasserstoff.html
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Clean Maritime Demonstration Competition (CMDC)
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Hydrogen Offshore Transport System :
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FTH o TEESIMEBR I N TR, 2021 4F 2 HREA ClE. 2030 £ £ Tl

159" https://hydrogencouncil.com/en/hydrogen-insights-2021/




ELTOREEIZB00fE N v (F 680 fix—m) LHEEINTEY, 20 ) HEHHE
o7ay 7 A 450 fE v (8400 g —nm), BRICETICE->Tw3 7o
Y7 PETAHIB80E RN (3301 —n) thoTwd , kb, KkEWHES
D 2021 FE 7 AoRFRICINIZT, HRINAEZ7e Y 27 V359 iIcimL., 7 ey
=7 FEHORZDIC 2030 FFF TICLE R BEFEIZ 5,000 £ F v () 4,400 fE—w)
([l SR i ) - (R

HRDKRTAD I
359 (2021 £ 7 ARR)

359 0g

0 @
Announced large-scale projects [ o L‘
b L
.xjiu ®
]
~USD 500 bn
@
. ; @® -
investment by 2030, of which USD 150 bn
is associated with mature projects . ®
®
@:=8 ® 141 ® 96 ®56 ® 38
Gig le producti Larg le industrial usage Transport Integrated hydrogen Infrastructure projects
Renewable hydrogen projects Refinery, ammonia, mathanol, steal, Trains, ships, trucks, cars, and sconomy Hydrogen distribution,
=1 GW and low-carbon hydrogen and industry feedstock other hydrogen mobility Cross-indusiry and projects transportation, conversion,
projects >200 kipa applications with different types of end uses and slorage
KFEEETAV N ARBERRRAT IOV #ESOoz ok HARAREFEIOTob 1275708 Hh

27 : R O/NKERHE 70y = 7 F DA (Hydrogen Council, Hydrogen Insight 2021)

k$7myl7b~®&§%%%ﬁﬁmééa BEHH PR D %\ D IR T H
D 2R DITITFsr (45%) #hd, REICT I THEHEWTWS, 72, vz b
DEIRITIL. $ﬁ7u/17b«@&ﬁﬁ@ﬂAﬁfkk&ofmé

KFZEHE 7o 27 bofHEE LT, 7V —viKHE (ZZ2Tlk, BEEEZ ALY
—HKD 7 ) — vIAKER LA BREIEETH - T CCS 2flAababE S 7L —KED
W ZERT) OEERNE FICEET 2 7y 27 b, RO, BE LA 2 8 Sk 7
oYz FAEMLTCw3, HEREINTHWE 7Yz 7 MickhniE, 70— vk
FAPERES1Z 2030 4E F CIC4ERT 1,000~1,100 F F VIR 2 RIARTHY, 205 b
70%12 7Y —vIKFHE, 30% BT Lv—KEDOTBY 27 P THZO, ThbD7TrY >
7 MFZD 1~2 FORIICHRWTREIN, 7Y —viKkFETav =7 Tk, B
ARRET AV F =& L CTRENFHEE, BAFEEOIEHLPFRFI LTS

160 Hydrogen Europe, Clean Hydrogen Monitor 2020, https://hydrogeneurope.eu/reports/




4. 2 KRIIFREX— Tu¥zs}

—EOHIKTKFORE, ik, FHOSMEELILRN L, YLz KkFE~ 7L
I T 3EERMZTWE, 2RbD7EY 27 b T, FEREMICZ ) — v IKED
BEMRMZ 5200, KGN RBEZZIIANREC L 2HEMEI ALY —HKD
7)) —vKkFREGE L, EEv 7 2 —CofH, B oRAE HiETE LTw3,

F 72, RPN OKELZRET L5 IIKBOEHEZ ., KEXPAR T 256139805
DEFANZVE L T L5651 H 5,

421 H2H AL F—-Fuadzs b (75VR, BLF—)

H2Bordeaux 7m ¥ =7 b, 77 VA« FAF—HHREOTHICEBWTAEEIN
7oKFERECY 74 MIFRBREE LTGERHL, A F =R oMk EL %X 5
BT T 27 bTH B 102 KEANY o —F = — vk (B, LB, B
B, HE, WEH) ComEEEE T c T 5, FRICHR L B —EE g eI & 7

WG ORE, BEEREORRN 2R CICHIRT 2 2 & 2 HIET,

Storengy France (7 7 v R « TANF —AFE), KL N — 35, HFEEE 5T
2—vd5bH, EU XY 50%D 375 F2—aoXEx®%ZF 5,

161 https://www.bordeaux-port.fr/sites/default/files/ Communique%20de%20presse-GPMB-H2Bordeaux-9-09-
2020.pdf

162 https://www.h2bordeaux.eu/




4.2.2 Hamburg Green Hydrogen Hub (F A YV, »~v 71 7)

NV TN TEBRERCTOBRRFEHE T YrY 27 FTH B, v, ZEE
T3, Wirme Hamburg (> v 7 v 7 D8 14&4), Vattenfall (R 7 = —7 v, KFHE
N&tt) BEE L CTwb, KFEEAV TV TOREZE - BTG T 2135 JEAHIK
WKEZMIET A2 A Y VT — 0 %L, ANV TN TR — VI FAF— T
T LEHET,

NYTNTINE—T TN ZFEETIC 100MW o 2 il i 2% 2 i3k L. A nlfe o
FF— (JEAS] - KIgHFHEOE ﬁ)#&ﬁ)~/ﬂ%%%;?% R R (X8
WCHRRZ TEL T b, FERIVICIE, BLE L 72 7Y — VKR 2R RBEZE - EiaEiig o
WH L. REUKEZ AL 774 ik ) FHi~BkT 22 2R L T3

a7 ME 2020 FICHEI LT Y., E—T IATREFREEEEDL VT T
H EOREIEHTE 3 0 2 To T\ b, 2025 FIc/kEELERE % B,

Schleswig-Holstein

Public
transport

Transport

Industry *, -
~

Heavy duty transport

Hydrogen network

Moorburg plant = [
% s Hamburg Green ]
~ HydrogenHub -

28 : Hamburg Green Hydrogen Hub Ot 4 £ —v

163 https://www.hghh.eu/en
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4.2.3 Westkiiste 100 7u =27 F (FA Y, ~4F)

Westkiiste 100 7u > = 7 Mg, FAY - A~ FHicsWTr ) —vKFEDOEED
SEHEOY T IAF 2 — VR EIET T a Y22 b ThH B, A FEIFTIC
3OMW O&EfE7 7 v 2R L, W ERNFEE» O OBAFRET 4 V¥ — % T
7)) —vokFE R BGES 515,

ShprcEbE I NG 7Y — Vv IKBREIAA THHENOHF R Z Y v N F 721385 7- ic @
FT2KEBEEHHZ) v P2l U CJRUOKEE iR, KEXT—va v, BUEE-
FRICHESB L, RIS, ER 77 v MiT 2023 FoEMEZ Hig <,

K7y =7 bicit Orsted (Fv~—72, LRI, OGE (F4 Y, =421 ¥—
fit#7) . Raffinerie Heide (F 4 >, #LlT) . Holcom (F A >, &E%) . 4 7 Hudgf
RITERSHE L CTnd, 7uyzs FESREHIZ 8900 J2—mic LY, FA VEH
BHFETALF—E LY 3,000 T 2—vDXREZIT 5 TETH 5,

Industrial scale green hydrogen and decarbonization

& 100

P TT—
i e Wi wwwwestkuestel00.de

29 : Westkueste 100 7’2 2 = 7 + #f3E

164 https://oge.net/en/us/projects/our-hydrogen-projects/westkueste-100

165 https://www.westkueste100.de/en/

166 https://www.westkueste100.de/en/green-light-for-green-hydrogen-westkuste100-receives-funding-approval-

from-the-federal-ministry-of-economic-affairs/
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424 ZEEDS 7u¥ =27 b (JAYz—, RALN—7)

ZEEDS 3/ vy = —dtfo_ L N=7 2Lt eIy a VIR ALF—D
HiE — e AL ZHIETA = T7F 7 TH B, J vy 2 —ihETHERED AV
FeX DY —vKE- PV Vv T VETAREE L, cha BB T 20T T
DEMTC. LT X 2 7Y — vIREl o a2 Hi5J

HLEEDOEICHAERDKE - TvE=THEHE T T v F 7+ — L %2/ED , REME
MoANTeT 5, LRI D) —vENIRIERHTAE T Y —VKkE- 7Y
— VT VvEZTOHELERFREIC R B,

RULAN=FTCEA v aT7ORNRELYV ) —v T vE=T 28 E LRR L
LCEMANEET 222 TPEL TS, BRI T vE=TBRRIT vE=T X v
—%IEHT 2 FETH D, KT vE=TIHOMED H 2, JUiliELES 2 LI X
b, AFx, KRET 7 ZAAELMIGE L L CTRIEEIC R 5,

AK7vP =7 bicld Aker Solutions (/ v = — = v =T ) v ratt), Wartsild
(74 vZvF, A=Y v), Equinor (/ vV = —, =3 F¥—4%E), DFDS
(Fv~—7, ifp#EE) . Greig Star (/ Vv = — RSt 2350,

2022 FFICT VESTMREIT vEZT X2 Vv A —DHEEEICOWTHE L, 2024 fEDTE
FBAtR% FE. 2022 4F 1 HEX W TV E=T VY VDT A N2 TFET S, Ahoid
&l MS Green Ammonia v ¥ =27 F & LCPilot E 7v 27 4X0 4,630 )7/ v
Jrx—/nu—3% (K450 1 —wn) OXWER T 5 TETD 5%,

167 https://zeedsinitiative.com/

168 https://griegstar.com/grieg-and-wartsila-to-build-groundbreaking-green-ammonia-tanker/

— 102 —



425 T LAARATFARLTHATTa 22 (A5 VK, TLRATFAXL)

T LATNANELHICXBKEDNATZTF—2a MMbaEHIET 70227+ CH 3
109, F WA T VX LA AR # EHGRE L KRR E R ED 2 L &b, 47T
AVvECL oM e L. B RE~DFHZRT., 7. REUKET A
TR Vo CENGEHT~MHET 2 2 L bEFHIL TV 3, 4 754 VIZEFED
AR Yy FRIHEROKZER A 774 VOFRRERF LT3

T L AT N R LRI DRSS IC TATA 2F — AV THIAT 3 4L ¥— %22 TK
FCHI T LR TEL TS, KERFTLRATFAXLWHOE LRSI 26 0EX %GR
L7220 —vKEERBET 208, 2N7Z T CRFBELM -\, 2D, kK
FOMAZEELTWE, TLARATAXLHIE 2050 FEDFEED 5 b 7 HIFLEE 1ZHHA
THHILLTED, AXVRARELPOATESZLZRIAALTHEN, IETHY
Hi 332> T\, F 7z, FERIICTIZAGAN-CHTZE ~ DK FEVEHEAS & AE L. s
Ml DORELERREME 2 R L T\ 5170,

HYDROGEN HUB AMSTERDAM NSCA ;

b d to mmg @
ot =
oyt n g2t » G
0002 - ; y
-
-
.
------ @
From eiectm:n:)‘I 2> W ey . ‘
.
Lmuicen, Vielsen @ —
= Zoanstod =2
= PM‘H'JDI 2050
56}
® Potential location:
H, Hydrogen imported

Amsterdam l

X30: 4T v X TLATILELHD S 7GR O

169 https://www.portofamsterdam.com/sites/default/files/2021-10/Hydrogen%20Hub%20NZKG_uk_v06_LR%2005-

10.pdf
70 7025020k 0 e T ) v 2 CHERL,
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426 Ty ITNAELEBKEATMN TS 227 (FF5VEF, vy TAKL)

FIvE -y TNANELEREATILTE 0 27 FTH D, LiBOFELRIIFE
EEEHALEZZY) — v KEORLE R N CCS i lAad b7z 7N —KFEDHELGEZ 1T\,
WEIKFBEMAGF AN T 74 vlZREB L Tr v 7V & L0 ESER O E R I
BiEL, iHT 2 2HEET, vy 7 AKX LE MY Gasunie (A7 v X, F AV,
KIRH AWEANA T T4 V) BEBELTE Y, 2023 FRHPOEHBEEZBEL LT
Wb,

7)) — vIKFOBLEIZFIC 2030 2 SO, E 72 KEEAD 2030 FE2 5 KIEIC
BN 322 RAALTYS, fEkicix, b7 7V A, BINEERERE T A v
F—DHLER S W IC B 1) 3 KEEE O A RIAL . MR, S KEERTEA L,
* 7 v XENTOEH K CREKEOHIHZITH 2 LIc X hkFEAT L LTOREE
RO EHIELTWS, Zhic kY 2050 Ficid e v 7L LRI CHLE T 2K
FEIZERM 2,000 5 F v, 55 90%IFHAICR S & RIAALTWS, 7, KFELT
T, N4 A~ 2R o R fE T AV F — DV T 74 F o — v ICb 3 C
EDMET T T B 17,

Port of
Rotterdam

31: vy 7T AKX LEKEN TR OB

e https://www.portofrotterdam.com/sites/default/files/2021-06/hydrogen-economy-in-rotterdam-handout.pdf

172 https://www.portofrotterdam.com/sites/default/files/2021-06/hydrogen-vision-port-of-rotterdam-authority-
may-2020.pdf
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Fossil value chains .
I refineries fuels

e crude oil crude oi R —
refinery gas _‘% chemicals
o natural gas h__vdmse" .@ chemical plants

methanol plant methanol”

SMR CO
+ | 2o @ :
D +N,) ammonia plant ammonia

Sustainable value chain :
: bio-ethanol
— ‘ermentation refineries

o biomass vegoil & fats.$ ¥ fuels
epoly- v
erisation

i chemicals
seriy T
waste pyrolysis oil @
@ yrolysis chemical plants
il aﬁf”d‘—' syncrude
Ayngas FT-plant
gasification
R methanol methanol

methanol plant

+
Cco, o syngas syngas

co-electrolysisf /
ammonia

electrolysis ﬂ .
@ o ¥ +N, ammonia plant

o hydrogen transported as liquid H, and LOH( hydrogen
s feedstock as presented in this graph, hydrogen

Port of = currently present in the port | Nextto use a
RoMerciom = new business development will also be used for process heating and for power (balancing)

32: 0y TR LEKEATVICBTEZE I ANLF— AN 2 —F 2 —V

R
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4.2.7 HyNet North West 7u =z 27+ (A ¥V R, VAT —n)

HyNet North West (2, 4 ¥V ZRJLPEERICHET 2 U N T — vzl & L 230
BRFNERZ 2 ) — VI ALF—Tud 227 b THEB, A7uvz2 ME, 2h
S A KE D A v bR ICANT 2O Y OFETHICHE X, 2025 FLARRER & 7 RS
P Wi R AL SR 2 HiE 3

Fl7ay 2 bid, FEEFE, k. KETHV LA oY LT, 2V —V
KEREELIERATZ2 2 2HIET, /. A7y 227 bl A ¥F—% KEIC
PEEL T AFEELOHFH A L2 CO2 Z[EY - k84 5,

H, Fipeline
CO, Pipeline

Existing Gas
Distribution Network

Hydrogen Fualling

Hydrogen Production

A Ry LN P
o'

I
e NS AP PANPANT

Chester

Future Hydrogen Storage
L1
T yrerveny

33 : HyNet 7u ¥ = 7 + O 2RI

HyNet D TIEZU T OO HEZITHHI L T3,

(2025 4£)
FHEAEEM I VF 40 77 b v o CO2 ZEHRIL,
Stanlow BIFLAT IC TR 7K 3% % 4 3TWh #ilid,
YNRT = VEADRIRH Z A T 54 v % CO2BEIIERLE100 7 b v o
CO2 7% i T i [\,
KRIRFHANA T T4 v RTER L. KFHR 20%IEE 7 A % Ji1A s g,

173 https://hynet.co.uk/about/

174 https://hynet.co.uk/wp-content/uploads/2020/10/HyNet_NW-Vision-Document-2020_FINAL.pdf
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(2027-28 %)
CO2 [HL & % 4 300~400 75 + v iz,

(2030 4£)
CO2 A& % 4E 1,000 /7 b v ic B0,
KFRGERES) % 4F 30TWh ickimL., 2 e d 1 DoREH%Z 100%/KHE
FEEICT B, WM CoFHEZ LT,
£ 1TWh LA E D /KFE O T % FE5,
4 ¥ ) ZEMIC 350 kmA L DOKFEREEL T T4 v R FTIE,

1
=

Eni (4 2V 7 - Filih 24&4), Essar (4 v F - gk, EHFEa v m~Y v b)),
Progressive Energy (A ¥ U X - = vy =7 1) v 7 &tk), Cadent (4 ¥V & - KRN
AHEFEH), InterGen (4 ¥V R - REFEH) F40 OREIZHE L T3, CO2[H
I, BricbfiinTes v, CO2 BniciF blnEd 25 2 & b RFFICA->Tw 3,
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4.2.8 NetZero Teesside 7un¥ =z 27+ (U XV R, T4 —X¥ 4 F)

Net Zero Teesside 7m ¥ = 7 M id, 4 ¥ U AFEROERT Teesside z Hulaic, CO2
[ - HZEIFIH - B8 (CCUS) % U<, HIRoMRF Lz BIETHEHXS 7 A X — -
7uY =z b TH LT AKKFEFEE % HIE S Net Zero Teesside Power 71 = 7 b
CO2 ¥ - #%:% % Hf§3 Northern Endurance Partnership 7’v ¥ = 7 b 7z & & i
LTWw3,

EAST CO,AST i 3 FUTURE EXPORT

CLUSTER PIPELINE TO STORE
B
Teesside, including  ellas % Nt
% Net Zero B fuehyirogen
75 Teesside CCGT & Carbon Capture
"""" REDCAR
& BOC SEAL SANDS

J WILTON INTERNATIONAL

BILLINGHAM 5 L I - A Lo vzt
i “, @ Eloe ydregen
- - [ oromc |

MIDDLESBROUGH

suez TV ERF
Bl Virogen ferticirs B e frommaste I rers fom warte

By combuston
KEY
Power generation ®  Biomass & Hydrogen production

é | Existing hydrogen pipeline

wl  incustry 0 energy from waste = = Futwe O, pipeline W | erimary emitters for £CC bid

i Biofuels/ processing &  Shipping Existing pipe carridors BB potential future emitters

34 : Net Zero Teesside 7 a2 = 7 + OHEHE

7wy bCld, EE»ORET 2 CO2 ZHIUL - ik - T T 570D R
T LML, CO2 [ 3EME L CALiBOMK T I LRI 3 5,

RIREFHE T 0 27 P CTlE, TREZ—E VvV EELREZ - v iifladbeiza v s
A4 v FH A4 7158 (CCGT : Combined Cycle Gas Turbine) ¢ 860MW % & (130

JiF45) L. ZOBRICHRAET 2K 200 /5 b v /4FED CO2 ZaIY - IriE 35, Yi%H
¥iclx2o0a vy —v 7 L(Technip & GE a2 v Y — > 7 4 R U, Aker Solutions
¢ Siemens DIV Y — T L) BEHT B FIE,

F7-. CO2[MI - X7 vy =2 +TH % Northern Endurance Partnership 7' =
Yz 7 b, Teesside XV HEEICHE 4 F U A - Humber U5 & bHEL., 1 ¥ VU X

175 https://www.netzeroteesside.co.uk/
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Rlodeigiic CO2 Zir# s 25HH & L T

210 IO DM EED B LI X

DIRIRFRESIFECA v 7 T ~oFERLAIAGF I LT 5,

EAST CO,AST
CLUSTER

MIDDLESBROUGH @

DARLINGTON @ PROJECTS IN TEESSIDE
INCLUDING

%Ne’t Zero

Teesside
P @ YORK

keflas | suez
TV ERF UVET

SIDE UP T0 10 MTCO,E CAPTURED ® LEEDS

| _-HumMBER

'SCUNTHORPE®

Northern
Endurance
Partnership

g

ENDURANCE

PROJECTS IN THE HUMBER
INCLUDING

ZEROCARBON
HUM

A, rsumsk

";rgr EAVELOCYS

® SHEFFIELD 17+ MTCO,E CAPTURED

: Northern Endurance Partnership 77 ¥ = 7 b OHfE

176 https://www.netzeroteesside.co.uk/northern-endurance-partnership/

— 109 —



429 Acom7uv¥zZF (AFXVAR, 2V} T77—HR)

Acorn 7oy 7 b, AFV X - JtlHiEBE v b« 77 —H XD CCS vz
JMROKREBHE T 0 27 bTH B,

CCS7uy 7 +Tld, £V b 77 —HRE CO2 YA b ZAEREFDH X
RNATIAVEFRL, FRIEEL VEINL 72 CO2 T+ 2 & & bic, flHuigic
T TE R\ CO2 ZA L., HWEBITI. WEIA IRV - 77 —HRADD
# 100 kmDFAICHIE L, #BET 2.5km BUEDOFRA v P2 FEL TS, 7udx
7 b0 1 BRELE LT, 2020 SEREITETICR VY N 7T —H R HREX—IF L
DO INBERM 30 F v CO2 Z[EIY - I+ 2% 2 &z HIET,

KBEGEZT B 27 Tl £V b - 77— R D DRIRT R 6k & BLE
L. END A 774 VilZERHL TRAT A LIKE (20%) DREHTAZAL XY R
ENICtiGd 2, Zofth, 41 F Y RAERNOMMOKFET v = 7 b ~bkFEZM|IGT 5,
NA T T A UM X G, FERIVIC 100%7kFEcoftinE HiE S,

7uYx 7 Ml Storagga (/ ¥V R+ 22y b7 v FOBREa v 9 L), Shell UK
(4 ¥V *). Harbour Energy (4 ¥V 2, # Z[dF &), North Sea Midstream
Partners (4 ¥ U X, A V¥ —/H ARG 25, Yoy 7 PR E@E LT,
DTF%EERTEZLEHEET,
2030 4 £ TICHERM] 500~1,000 /7 F v D CO2 % HllJk
Vb 77— HRELDANA T T4 v 420 km%E CO2 #3i% I FiEH
AF Y ZAEND CO2 IFEEFTRED 9 B 30%% Acron Project T 9,
AFX ) RENORATATED 5B 35%% &V b+ 77— HATUHET 2,

Ta Warthem

36 : Acorn 7u ¥ = 7 + O

177 https://theacornproject.uk/
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4211 ¥uh—Fy - ny_N—TFuTz7 b (AFV R, NVAA-HF)

Zerocarbon Humber vy = 7 bld, 4 ¥ U ZAHFE D~ v N — I JE D HEE 1< 350>
T 2040 FEcoliRFLEZHIET 70y 27 b TH 5%, Equinor (/ V7 =z —, T
A F—424E), British Steel (4 ¥V &, #gkatt), National Grid Ventures (4 ¥
VA, AARRE) FPZEL T 5,

Wi I B A LB TR IC T — K EELE 75 v P AR L, KRS AW
He CCS oflrfabe Ty N—KFELEIET 5, 7o, FIHIBOEFEZ Ok K
FTBURFEOANA T T4 v ERERR L, KEMEG, SRR REINEZRET 5, [
X L 7= CO2 % Northern Endurance Partnership v ¥ = 7 + &6 L. Atk o ifF
JETICERE T %, RN D Drax FE&EAT L, 2018 F X Y N Az A F—IT X 55
& CCS ZilatrbH7- BECCS (Bio Energy with Carbon Capture and Storage : ~¥
AFZANF—FHARICCCS ZHAGDE AN T 4TIy a VY EARILT 5,)
DFEGFEFT > T b, UKL 2030 FFE TICAAT 4 7T I v ay (CO2DHE
HEE~A -2, I2bbPHHEIVEINEZ LR b8 2,) OEKEZHIEL TV

181
o

K38:Fvuh—FRy Ny N— Fud s OE

180 https://www.zerocarbonhumber.co.uk/

181 https://www.drax.com/about-us/our-projects/bioenergy-carbon-capture-use-and-storage-beccs/
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4. 3 KRELE. @k, FIfOo®FSed =2 b

WM C I3, IR S & DAk LD & 5 I BED LRI L CE MRS 5 T n Y2 s
F Tl v, B, X, TR WTNIOEEDIL AR ZM S Fu Y = 2 b
DD LN TV, LT CEENZ OB L 72X AR 7wy =27 P 2fiNT 2,

43.1 Yara/Qrsted 7’V —vAKE - FVvE=TEES a7+ (X7 v &, kE
&)

Yara & Orsted (3, ¥ LR FEEOHAERREL ANV F —IC X 2 KBEERVOT vE
ZTHEDEZODT TV FRILETEL TS, Orsted PNEE T 24 7 v X pf
Borssele 1 X U2 i LRNIRE7 7 — o oI N2E N LY 77V —vikFE %l
&3 5 100MW o ERREZ IR, 207 ) —viKFREIHITA T v XD Yara Sluiskil
THICBEBWTERM TS b v o) —v 7 v =T % AET 5, FARLE TIRIER7 L
—KFBEXOVTVEZTEAELCREH, Z0HH 10%HYMR ) —v T vEZT
YYD 5,

HRFEINDZ )=V T VvEZTIE h—Fv=a— 7L EROELERL RN
a—F z—VvoORKEFICH OIS, 72, FRACIERE & LTitiians
AREED B 5,

43.2 NortH2 7uv=2 b (5 v &, KEHE)

NortH2 7u v = 7 M3 LRAIFEEOEN LY 7Y —vikEOELERITH 7oy
27 b TH B, JLFICERRNRE 7 7 — L2 EHL, O3B HoLTE 7Y
— vIKEoHLGEICH WS,

FEERSN 7 7 — 2103 2027 FICHRE IGW OEf i85, 2030 F£F <ic 4GW £ C
AR, 2040 12 I0GW L EF TIERT 3 FETH 5, TNIT X H ., 2040 4F
T TICAEM 100 5 v 7Y —vikFosbE, £ 8~10 /7 b v o CO2 HIjk % His
9,

182 hitps://www.north2.eu/en/
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BHE7 4 =YY T4 RAXT 4 3TN TEY | Yk R % I F 2 Rk e & ik
ERRINDETFETH D, K7uP =227 Ficid Gasunie (7 v &, FA4 Y, KRN
AWk 4 7 4 ), Shell, Equinor, RWE, 7a—=v 7 ik 7a—=v 7 Vil
WRBSE LT3,

433 OYSTER 7uv =z 2} (4 ¥V 2, KEHE)

OYSTER 7u ¥ = 7 Mit. ¥ ERJIFE 2E N, BfREEICX LT
®7J<§'%$<L% Hisd 7 vy 22 b Chd, A7 3 7%#?@«3#0%%% IC/EH)
EiEE O BiE T,

Orsted (7 v~ — 7 ¥ EEJHFEF). Siemens (A= 4 v JAJj %2 — v vfEH),
ITMPower (4 ¥ U &, TAAF—44) ERSHE L CTH Y., 2021 £ 1 A2 5 2024
HERETD 4 EMDOEEL FIE, BTE 499 /72— v 32485 Horizon 2020 D742
WRIZRH>T W5,

A XY 2PN 7Y LA — DEERIX TORAFE - KiLz TEL T 3%,

4.3.4 Hyport 7u =2 b (_AF—, KEHE - K

Hyport 7u ¥ = 7 Mlx, "AF— - F—27 v 7# (Portof Oostende) IZH T
7)) —vKERELE T2 70V 2 2 P TH LY =R T v THERNIC 50MW D

HET 7V P 2E L YEEMOE RN 7 7 — Lo 0E N W) — K
FalE, BT 5, 2022 ¥ CICEIHEERTT O TIE,

EEWOELRN 7 7 — L OPRVPEHE N TE Y, FERICIITREIOE 1006 7
V—vokFZEGE - I L, BERPRIOKZEZ AL F - LTHHATEZ AN 2 —F =
— vV OMELYHIET,

W TuY s MicidA—2F v 7 #, Deme Group (NUF—_ G - EEA v
7 7HEH), PMV (¥ — BEESRE) BSHE L Tw 3,

183 https://orsted.com/en/media/newsroom/news/2021/09/862313889301790

184 https://www.deme-group.com/news/hyportr-green-hydrogen-plant-ostend
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435 GreenOctopus 7R¥ 27+ (77 V R+ RAFX— FAYV - FFVv X, K
ES peS)

Green Octopus (2, MMEEDO AT ANA T4 v ZH/AHL, 77 VA, _A¥—_ F
AV, F 7 v EiceR 2,000km OKRfE L 7T 4 o EERHIET 70y
7 FTHDL, WEVHEEI TAX—PEALNIKBEFTEL B Z2MAZL, T ALF
— Y AT LG, WM OREEGDERZHIET,

TYRT =T (RAF—), =T A=V aik (RAF—), nyFARLE (F
F v R) L EEHIE & I, WaterstofNet (R F—, ¥ —/KEREHHEEFEEE O
¥ 7 A%—), Engie (77 v A, HAFFEHK), Fluxys (XL F — KKK Rk~
A 774 ), Gasunie (K7 v &, FA Y, RERFTAGENSA T4 V) Fo AL
FoBERELSHEH L CTH Y, 2019F L0 7 vy =7 FHFEEHLG, 2030 05T
TPELTWS, IPCEl ofR7mry 27 b LT 970 Ha—w DX EEZIF T
%,

4.3.6 Green Flamingo 7u ¥ x 27 + (R b A, KEEX)

Green Flamingo 7wy = 7 M, A Ao 7 ) — vikFoMn, witiz B
T7u 27 b CHL,IPCEINR Ty 27 b LT350 F—uD g% 52T
Wb, BLFHTLDOKENFEELY 7Y —VvAKEREE L, ARV TEER Y —V
IKEEHA 7T 2 L2 HIET, R b v =2 RBCBT B 7Y — vIkEE
e, ARV TEEDP LA T V& - vy T K Lk~ 0K AT EEFE 25 5 X
nTwa,

4.3.7 H2Ports 7uyxz 27 b (R4 v, KEFH)

H2Ports 7u ¥ = 7 M ix, EU EBE¥XD, SR OKKE - ¥rT Iy a v T
REBEHETFTA~DOBTE# NS 7022 FTHY ., TR AF 3K, TiRFE L
BB L — I FAToORENERFED 2 AT, FIMOREERT 7 /7 0y —oiEk, F
fili. SEAF%1T 580, BARIciE, A_Af v - NL vy T#HEOavyFFEx—IFLCE

185 https://www.h2v.eu/hydrogen-valleys/green-octopus

186 https://h2ports.eu/
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WCIRIEEICHIT 2 77 2= ) —F A2y h—2REIB & L, 7.
TN EBKGICOKERZMG ST 2 KEAT - a v EEH L, RikziT 9,

Fl7ay 2 ML vy 7, MSC Terminal Valencia (R4 v #EER1%)
ENSE L, 2019 5 2022 FRFTDOFIEE L T35, Horizon 2020 DXt
RicHhoTHY, 2FPHAL a—vD i b, 39 i2—noXE*Z T3 FETH
2187

X 39 : H2Ports 71 ¥ = 27 + DS HEEHSE 0 /K EF| R % {188

187 https://cordis.europa.eu/project/id/826339

188 https://h2ports.eu/wp-content/uploads/2022/02/H2PORTS-Brochure.pdf
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4.3.8 HyDeploy 7u ¥ =27 } (4 ¥V X, kFE#% - FIH)

HyDeploy I3, KEMAF AEAGHEZTEH L. KAH R LK 20%DIKFDRAHT A
ZHFE L, A F YV X0 CO2 Rz HiE 3 7 vy =7 FTH 5%, 2019 4 10 Hic
BItAE ., BB 1B L LTAF Y RBUFE R X v 7 4 — FRENHEEEL, FRFEF v
VRANDH ARG KRN A L IKFBEDRE T A MG L, HHOE O 23 {Tdb i
TWwb, BFE, 7KFE 15%F CTOEIALTT L TH Y, 7/KFE 20%F COBMICH T T
ge st b N T 3,

51 BRFEEARIZ, Ao T A EER L, 650 FLULEZNRE LEiEE TIEL
TW5, Cadent (4 FVU X « KRH AHEZH#4E). Northern Gas Networks (f F U X -
H ARG, A F ) X - F = R¥ ITMPower (4 ¥V 2, = A VF—4ph) &
DS L, 2019 225 2023 FFE CTOHEELR TIE, 1 F ) ABIF A ZAE S HGHHR

(Ofgem) X » 700 HRv F (#1840 Tx—wm) o&FEERMZZ I T,

189 https://hydeploy.co.uk/
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4. 4 MREEEZRY =2 b

IKFEDEHER OB T2 7 ey x 7 b & LCOKEEZBREE LT3 2 i
A7 nY =7 b EDONTWS, Th7uy =7 F2UFICHENT 5,

44.1 HyShip 7’m¥ =z 27 } (Vv = —fth, KEREIE )

HyShip 7w & = 7 b 3/KFEMEFE M Z F v 72 RoRo fit Z 8GH- &5 5 & & b i,
WA ) =V IKFBOF T IAF 2= NV AV VI T T+ 74— LD % Hig
T7uv 7 bTh b, Wilhelmsen (/ V7 = — #HESTE) . Kongsberg Maritime

(s z—), DNVGL (F4 ), Statoil (/ VT = —, THxALF—2%) 214+
DL LT %,

FEEAR Topeka 5137 SMW @ PEM ARUKZEBREIE M & 1,000kWh B D 7
V—ZfHAaEDLY, Yo vy a viEfiaERT 3, Wilhelmsen 25Efi ¥ ETH
. 2024 FEDOEMBAA % HiE T,

Horizon 2020 ® 7u Y =27 + (ZFuy =27 FARK 2021 F£~2025 4£K) & L<THg
EINTEY, 2 FE 109 T2—ud5bH, 7199 Hoa—uoDXEZZT L FEL
oo Ty B 191

¥ 72, AR oERIC L ERREOKFZEOELE K E /vy 2 — - _AFvIbich b E
VAR y FTEHEICERTETFETDH 5, KEBEELEREIIZLIT D X 5 ICERERIC
JERT B FEL LTWnB192

-1 BB (~2024 ) ¢
NE SOMW O EBMFEREEICTHE 4,000 b v okEELE

-5 2 BRRBE (~2027 4F) :
BIRIEEREZ 100MW ~HLK
KFE. T vE=TE e-RE Bl
- 5 3R (~2030 )
e-ElOBELE AT ICIL R L., WHE, fiZE. BIHEEN 7 v 72 08 REMERS

190 https://hyship.eu/about/

1 https://cordis.europa.eu/project/id/101007205

192 https://d1cicexhq3kg7t.cloudfront.net/1593434962/greenspot-mongstad-external-presentation-final.pdf
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L Sl
¥ 4—-‘,_ ::l ~ e
S ,!& ‘Q?
(=) [ R

FROM ROAD H2-DISTRIBUTION EMISSION CUTS
TO OCEAN

[X] 40 : Topeka 52 v+t 7 F[X

HyShip 7w &z 7} EE

WREIW

<fftFE> Wilhelmsen (/ VvV =z —, a—F 4+ —%—), Norled (/ V7 =
—). Diana Shipping (¥V + % /»¥F <), Stolt-Nielsen Inland Tanker
Service (X7 v &/ Iy z—)

<A —741—> Kongsberg Maritime (/ 1+ 7 = —)

<av¥ir> LMGMarin (/LY z—/"77VR)

<K% - WHEFT> PersEE (7 7 v R), ETH Ziirich (24 Z), University of
Strathclyde (¥€[E), Demokritos (¥ ¥ +)

<FEE> DNVGL (FAY,/ /17 x—)

<ZAALF—{E> Equinor (/v x—), AirLiquide (/Arvz—/"77
vV R)

<% ®ftt> NCE Maritime CleanTech (/ V7V = —iBEH 7 7 A X —)

Rt

<EU> Horizon2020 7’2 275 L X v 7,993,942 = — v % %
<Ay —BFEEE ENOVA> 219/ v vz —27ua—3% (2,200 Jj = —
o) &Y%

Dhiat

B

<FHEHH> 2K 125m. i 24m, #Jj12 / v b

<finfE - B> RORO EMfih (BEfkGES) : £ I FL—F—56 &)
<#ELR7TL> Nv7U— (1,000 kWh), PEM #RK}E (3MW)
<BRRI> Witk Y —vokFE, 1.2-1.4¢/H

<fifeBEmE> #7400 iEH

<2020.10> /v = —Wilhelmsen 2870 = 7 F 2/
<2021.1> 7wy z7 RS (GEHEHARIIX 2021~2025 4F)
<2024> JREFEMELE) RORO fif O EMTHLE %2 T &
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4.4.2 HySeaslll 7u vz 2} (4 ¥V =, KFEREEith)

HySeasIll 7w = 7 MIOKFEBREIER Y AT L2 HL2B& 7 = ) —OR%-

FKil%#IT> 70227 b THBB, K707 T L3 3HER» L RIMET v 7T L
DI EETH V. B 1 BRFEOAGEEIE L 2 HH L 72 ol & i > w T of#E
(HySeasI, 2013 ) 55 2 BXPE O FEAIARAAERET L O v ¥ 4 2 £ 7 L D #ET (HySeasll,
2014-154F) #F 2. REIEtE Ny 7 ) —ZAEDEZAAL T ) v FURT LK
ONVAY v Iy AT LR, EiE21T 9,

111

Horizon 2020 v 7' 7 LCIEEINTE Y, 927 Ha2—uvOXEEZ T2 TFETH
5, 7uy 7 M 2021 SFETOTETH o708, EHENLT S, 2021 4F 12
F1iZ Kongsberg IC X 2 #Eit s 2 7 L DEAERD M TH I, 2022 4E3 AL Ticn~A4 7Y v
FY AT LORGHETET SE B TETH 5

HySeas Il v ¥ = 7 B2

% | <#&fi> Ferguson Marine Engineering Limited (3%)

J/;:E\ <ffytE> Orkney Island Council (3%)

% | <A—#—> Ballard Power Systems Europe A/S (JAklEit s 27 2.7 v <= —
7). Kongsberg Maritime AS(itfiis 2 7 4:/ A7 = —), mcPhy
Energy(UARIA v 7 7:7 7 v )

<KE, WFZEPT>  University of St Andrews(2—5 4 f#—X —: 23 v b 7V
), DLR Institute of Networked Energy Systems( k' £ *7)

<FEE> Lloyd's Register

<BFFHEBE > EU(&4:H: Horizon 2020), 4 ¥ Y = MCA(HAZID WS %ffi)

<NGO> Interferry

% | <EU> Horizon2020 7’1 77 5 X Y 9,276,373 = —w % ik

=

| <MafE - #EY> RoPax 7= U —
A | <dtee 272> AEMBERCGER R 100kW, A% X L1,200mm,
R W 869mm, H 506mm, H& 285kg), ¥ v 7 U —

e | <2013>  JKEMVRLE AR o FIERITSE (HySea 1)

Wl <2014-2015>  ZEHBITIC 1 7= Bt (HySea D)

UL <2018-2021> MDA 7Y v FERRIERE S 2 7 L 2 HEEE - SR,
SCOVEMNIT X 2 FGE, BREMERG A v 7 T oRET b 1T 9,

193 https://www.hyseas3.eu/

194 https://www.greencarcongress.com/2021/12/20211204-kongsberg.html
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4.4.3 Hydrogen EU-Ropax (Fv~=—7, KEREHEMT =V —)

Hydrogen EU-Ropax 7w = 7 M, 7Y — VKR ZMHT 5 REIBRIE > X
TLEfATER LIy a v 72 ) —DFETRY =22 FTH B, mAHT
23MW DIKRIVELE M > 2 T L 75_’%\%@" % 1,800 AEV D7 =) —ZHELTEHY

R 6.4 5 b v CO2 Bl % AlgEIc 3

DFDS (Fv~—7.,

XY 700 fa—u Lg% 5 TiE,

»
— ._..’ &y
_ ll LU LI l!lli R RCRCR R R L L _.-'
m‘-... PRLLY] o

X 41 : KEREEM 72 —Da vy 7 MK

Hydrogen EU-Ropax 7' v ¥ = 7 b #EE
% | <#E> DFDS (Fv~—7)
% <A —#—> ABB Marine &Ports (4 ¥V %, v =7 J v 2. Ballard
* Power Systems (7 v =—72_ Bk}&Et). Hexagon Purus (/ V7 = —,
BRElEf - Yy 7 Y —). Knud E. Hansen (/ Vv = —, fitfiEkE)
<FREE> Lloyd’s Register (4 ¥V &)
<IAINXE—DE>S Orsted (Fv~=—7))
% <EU> Innovation Fund 7v 77 4 X D 700 = — v #X{EFE
=

195 https://www.dfds.com/en/about/media/news/hydrogen-ferry-for-oslo-copenhagen
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H | <MpfE - B> RORO fiR%fin (B#AES) « 51380 A, F% 1,800 A)
ﬁg <HEEL ZFA> Sy 7Y — (1,000 kWh), PEM KIS (23MW)
W | <BB>  EfKE. KEREI XY 2 44 v

& <2020.11> DFDS2»7uy =z b+ %ZnNikE

ﬁ <2027>  ATKEHEIE it RoPax ik 0 BRI % T &

&
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4.4.4 FLAGSHIPS (7 7 v &, KEBREIEH)

FLAGSHIPS v ¥ = 7 M, KEREEZH WY e I vy a VK EFRETE
DFEWAREMEZBERT L 70 =7 P TH 5, [MKER W AIKREZ NE xR
Bhe U7 KEBREFE O SRk % 2 £ORAAIC X V1T 9. 2019 4FIChlR X 4u. 2025 4F
3 HE CICHRAEZAT S TiE,

1 £ HIIRMAKFR Z 72 KRR E M 2 #8803 2 rdfh o Bt cd v, 7
7V Ak VITEIRTE SN TS, ) 200kW BliEio PEM BURELE M 2 &
I T 5, Afiftldr—<=7 ® ATG Shipyard Tl E ., 7 7 v 2 ICKE%EEKE
BRI Y 2 7 L2 Kk, 2022 4F 9 H X D @EMiZRMT 2L 2 TFELTWBY,

28 HI1Z 1993 FEED FPS 7 — A 52 duE L. i 1.2MW B o EidkkE% A
W KEREIE A BT 2, AT 2023 EEF CIcdoE L. EilR(TO FEL &
ST\ 5,

Horizon 2020 ® 7u ¥ = 7 FICIEEINTE Y, BEH 676 F=—u D5 H 499 F
20 DKEERITETIEEL o TW519%,

42 : EREEYEER O a2 v T NIRRT T v ABERORET

196 https://flagships.eu/

197 https://flagships.eu/2022/02/10/zulu-06-en-route-pour-la-france/

198 https://cordis.europa.eu/project/id/826215
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X 43 : 2 v 7 FHi FPSWAAL 5D 2 v+ 7 | ¥

FLAGSHIPS 7u ¥ = 7 M8

% | <ME> Norled AS (/ V¥ =—), Compagnie Fluviale de Transport (7 7
g:u\ v &), Sogestran (7 7 v &), Future Proof Shipping (4 7 v %)
¥ | <XA—%—> Kongsberg Maritime (/ A7 = —), Ballard Power Systems (7
ve—7., BEE)., ABB (24 2), LMGMarin (/ AV 2—/7 7V
A, TvY=TV ), SEAM (V vy = — ).
<K CWIERT> VIT (74 v 7 v ¥, Hififi%¥+% v % —). PersEE (7 7
v R)
<% Dfth> Maritime Cleantech (/ V% = —{HE 7 5 X X —)
% | <EU> Horizon2020 7'v "7 & X ) 4,999,978 = — v % 3i%
%
# | © &S
& | <wiE-mm>
W | <#E>RFL> PEMBEIEM (200kW X 2 %)

<HB> kR

@ FPSWAAL & (=2 v 7 )

<FEH> 4FE 109.8m. 11.40m. "™k 3.53m. 1993 fFEfE
<fihf&E - fAF> = v 7 i (200TEU)

<> 274> PEMBAkEM (1.2MW) (SGEic X 9 ##)
<BREL> ok

i

<2019.1> Zu¥ =z 7 BtA

<2022.2> SYIEEM OFHERE L —~ = T OEMFT CbE, B0z 7
7 v ANEIK,

<2022.9> BYlEHEA O I E TIE

<2023>  FPSWAAL 5 %#dud&E L, EilLTiE
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445 BeHydro KEZJTHRITv Y v

~ ¥ — D CMB(#iE £ 4) & ABC Engine (= v & VERE2E) 13, & Fi2 2 BeHydro
HEL EFKFEBRELE T4 -0 IukEl vV v RRIF. IRFEEBR L 2
IKFEERK 85% & AR 77 24 4 v (MGO) DREBAEHCBM#I 3%, DNV-GL X b 3
KFEFEZ (AIP) #BUSG LT3, Hhiz IMW THh 0, [T X Y &K 10MW
Hoz vy volifb et sk L Twa,

R vy v 2 HEH L =AMtA T 7 = ) —HydroBingo 2V 44+ 2 77 F &7
7¥ YT 4—X (TFC) e CTidn, 2021 4£7 HICT L 722,

Al v ¥ v X Windcat Workboats (4 7 v £ CTV # <=L — % ) [[lJ CTV(HydroCat)
00 FONAF— Ty 7 —7HEBRAT X 27 +F—F (HydroTug) I b #E#E I T
s 3202,

199 https://cmb.tech/news/behydro-launch

200 https://www.cmb.be/en/news/hydrobingo-the-first-hydrogen-powered-ferry-has-been-presented

201 ttps:/ /www.cmb.be/en/new/cmb-technologies-and-windcat-develop-hydrogen-ctv-project

202 https://cmb.tech/hydrotug-project
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44.6 STASHH FYu¥ =z 2 b (¥ a—1BURRIEHOHEK)

STASHH 7wv ¥ x 2 b, itz & Elr 7 & —% CJL < M TRE 7 PR EE 7
EV 2 —LVOIEHEZ BT Ty 27 FTh B2, REIETE Y 2 — Lo @k
ZWEL, AEERE, a2 PEIIRZRREIC L. B2 S0 3 H 5,

FienNy 7T ) —ic X2 EHMAEMANTIE 2 KRBEESRA T ZEEL TWw5,
Elringklinger Fuelcell Systems (+—2 + Y 7)., FCP Fuel Cell Powertrain (F 4 ),
Proton Motor Fuel Cell ( } 4 7). Nedstack Fuel Cell Technology (# 7 v &) DA
Bl A — 5 —=, Volvo (R = —F ), Toyota Motor Europe (R ¥—) 7 &
OHBH - EREHREEREFLRLABEELSZEHL TV E, EATE LTk
Scheepswerf Damen Gorinchem (47 v &%) 23&W L T\ %,

REIEmEY 2 — Lo RZ2 X3, B 700mm ICHETELTEZ % 1,020mm 205
1,700mm. = X % 340mm 2> 5 1,020mm I ZfL X g 726 DD XA THFEEL T3,
HHIFEY 2= 12570 50kW 225 220kW & L T %204

Length* Width* Height* | Expected
StasHH

mm mm mm PEM kW
1.020 700 340 50
1.020 700 680 110
1.360 700 340 70
1.360 700 680 145
1.360 700 1.020 220
1.700 700 340 90

#4 : STASHH THgIEhCwaBklElEsy 2 — 1o RE X - HJToERR

INLDEY 2 — AN 2EEHAEDLE CKERHE— FCHAT22E2/ELT
W3, iMaENFIcIiE. B % 2024 £ F ClcEE A 3SMW, 2030 £ ¢ 10MW % T
kT2 x#HELTWS,

203 https://www.stashh.eu/

204 https://www.stashh.eu/sites/default/files/StasHH%20standard%20%28part%201%29%20-%20Size%20definiti

on.pdf
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7'm Yo7 M 2021 4 1 H 25 2023 4£5R % FE, Horizon 2020 © 7'v 7" 7
LIHEEINTEY, TR 1,516 T2—m D55, £ 50%D 750 J7 2 — v DI
X B TFIETH 52,

STASHH v vz 7  BIE

<JfitFE> Future Proof Shipping (7 v &)
<A—FH—> Alstom (77 v, $@EHm), AVL (F—2+ V7, HEjH
I 2L —¥ 3 V), Ballard Power Systems (7 v ~—72, REIEM).
Plastic Omnium (F—2 b U 7, #BAKEIEM), FCP Fuel Cell Powertrain
(F 4>, #kIEM) . FEV Europe (FA Y, vy =7V v ),
Freudenberg FST (K A >, v —aA#f), Hydrogenics GMBH (F A4 .
WAKLE ) . Intelligent Energy (4 ¥ U &, BRI M), Nedstack Fuel Cell
Technology (7 v &, BAEIEM). Hyster-Yale (4 %V 7. Ytk
#2). Proton Motor Fuel Cell GmbH (F A4 . #REIEM) . Solaris (K—
7 v F, Hlj#L%), Toyota Motor Europe (=¥ —_ HEjH), VDL
Transport (47 v & H#lj - #AkIE M) . VDL Energy (47 v &, # X
Z—v v - av7Lvy¥), Volvo Construction Equipment (R = —F
v R
<&f> Scheepswerf Damen Gorinchem BV (7 v %)
<ZAALF—HE> Symbio ([ ¥V X)
<WrFEHEEH> SINTEF (/v x=—), CETENA (£ 2V 7). TNO A7 v &
JCHEBHAF SRS (7 v &)
<BFHBE> 77 v REFIREBE AN ¥ T
<ZoDffi> WaterstofNet (RAF— T AAF—BEH7 T X & —)

WREW

<EU> Horizon 2020 7u 7' 7 4 X Y 750 Jj = — v % X i%

St

BREIEME Y 2 — A DHIREAL
finfio A7z o3, P, EVMHBIE, EREGEFLEHRREL ) 74~
M%T7iE

Db

B

g | <2021.1> smves B
¥ | <2023.12> Horizon 2020 SIEHIEK T

205 https://cordis.europa.eu/project/id/101005934
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447 ShipFC 7m¥z 27 b (V17 z—f, 7vE=THREE)

Ship FC vy =7 P37 vE=THEERMOMFE v = 7 b TH 5%,
Equinor A7 i /7 v v = —Eidesvik 23R - BT 24 7 > a 7 1 & (Viking
Energy 5. PSV) #du&E L. 1 2MW 0 7 v & = 7 BREE M 2 1583 227, B4
WICL Y 7)) — v T vEZT CEMEBK 3,000 R OEMSA[RE L 72 0 . BikRILIC
HMt3 2, Riffo¥ e I vy a viEfio gtk 2Bk 3 5, FiAER&kiEs 27
LEKIEICAT =T v 7L, &K 20MW o K7 ve=7BEEmOET % H
L9 5,

Wirtsild (/ vV 2 —), AFTRA7 574 FR¥E (4 F) R), NortSeaShipping (/7
Ny x—, #h#ESFE) . Star Bulk Shipmanagement (F 7w 2 #EMTEHEEH). Yara

(J vy x—, Trve=T7HESH), Statoil (/ vy 2 —, A ALF—24) FEE13
thAIZ S 5 208,

Horizon 2020 o 7u 7 e hoTEH, 2020 1 A2 5 2025 F£KRKF T
DT VDVETH D, VEMF 1,317 2 — v <, Horizon 2020 v 27" 5 L
LT Ha—uDXEXRTEFELR>TWES,

2023 FFICREFE M % 52K L. [F4E 12 H i< Viking Energy 5 ~&#. 2024 LI D
FAEEM Z HiF 3,
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1. INTRODUCTION — WHY WE NEED A STRATEGIC ROAD MAP FOR HYDROGEN

Hydrogen is enjoying a renewed and rapidly growing attention in Europe and around the
world. Hydrogen can be used as a feedstock, a fuel or an energy carrier and storage, and has
many possible applications across industry, transport, power and buildings sectors. Most
importantly, it does not emit CO2 and almost no air pollution when used. It thus offers a
solution to decarbonise industrial processes and economic sectors where reducing carbon
emissions is both urgent and hard to achieve. All this makes hydrogen essential to support the
EU’s commitment to reach carbon neutrality by 2050 and for the global effort to implement
the Paris Agreement while working towards zero pollution.

Yet, today, hydrogen represents a modest fraction of the global and EU energy mix, and is
still largely produced from fossil fuels', notably from natural gas or from coal, resulting in the
release of 70 to 100 million tonnes CO; annually in the EU. For hydrogen to contribute to
climate neutrality, it needs to achieve a far larger scale and its production must become fully
decarbonised.

In the past, there have been peaks of interest in hydrogen, but it did not take off. Today, the
rapid cost decline of renewable energy, technological developments and the urgency to
drastically reduce greenhouse emissions, are opening up new possibilities.

Many indicators signal that we are now close to a tipping point. Every week new investment
plans are announced, often at a gigawatt scale. Between November 2019 and March 2020,
market analysts increased the list of planned global investments from 3,2 GW to 8,2 GW of
electrolysers by 2030 (of which 57% in Europe)® and the number of companies joining the
International Hydrogen Council has grown from 13 in 2017 to 81 today.

There are many reasons why hydrogen is a key priority to achieve the European Green Deal
and Europe’s clean energy transition. Renewable electricity is expected to decarbonise a large
share of the EU energy consumption by 2050, but not all of it. Hydrogen has a strong
potential to bridge some of this gap, as a vector for renewable energy storage, alongside
batteries, and transport, ensuring back up for seasonal variations and connecting production
locations to more distant demand centres. In its strategic vision for a climate-neutral EU
published in November 20183, the share of hydrogen in Europe’s energy mix is projected to
grow from the current less than 2% to 13-14% by 2050°.

Furthermore, hydrogen can replace fossil fuels in some carbon intensive industrial processes,
such as in the steel or chemical sectors, lowering greenhouse gas emissions and further
strengthening global competitiveness for those industries. It can offer solutions for hard to
abate parts of the transport system, in addition to what can be achieved through electrification
and other renewable and low-carbon fuels. A progressive uptake of hydrogen solutions can

Within the EU, the currently operating 300 electrolyses produce less than 4% of total hydrogen production -
Fuel Cells and Hydrogen Joint Undertaking, 2019, Hydrogen Roadmap Europe.

Wood Mackenzie, Green hydrogen pipeline more than doubles in five months, April 2020.

A Clean Planet for All. A European strategic long-term vision for a prosperous, modern, competitive and
climate neutral economy, COM(2018) 773.

4 FCH JU (2019) Hydrogen Roadmap Europe. This includes the use of hydrogen as feedstock.

Considering hydrogen consumption for energy purposes only, the shares in different scenarios range from
less than 2% to more than 23% in 2050 (Moya et al. 2019, JRC116452).
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also lead to repurposing or re-using parts of the existing natural gas infrastructure, helping to
avoid stranded assets in pipelines.

In the integrated energy system of the future hydrogen will play a role, alongside renewable
electrification and a more efficient and circular use of resources. Large-scale deployment of
clean hydrogen at a fast pace is key for the EU to achieve a higher climate ambition, reducing
greenhouse gas emissions by minimum 50% and towards 55% by 2030, in a cost effective
way.

Investment in hydrogen will foster sustainable growth and jobs, which will be critical in the
context of recovery from the COVID-19 crisis. The Commission’s recovery plan® highlights
the need to unlock investment in key clean technologies and value chains. It stresses clean
hydrogen as one of the essential areas to address in the context of the energy transition, and
mentions a number of possible avenues to support it.

Moreover, Europe is highly competitive in clean hydrogen technologies manufacturing and is
well positioned to benefit from a global development of clean hydrogen as an energy carrier.
Cumulative investments in renewable hydrogen in Europe could be up to EUR 180-470
billion by 20507, and in the range of €3-18 billion for low-carbon fossil-based hydrogen.
Combined with EU’s leadership in renewables technologies, the emergence of a hydrogen
value chain serving a multitude of industrial sectors and other end uses could employ up to 1
million people, directly or indirectly®. Analysts estimate that clean hydrogen could meet 24%
of energy world demand by 2050, with annual sales in the range of €630 billion’.

However, today renewable and low-carbon hydrogen are not yet cost competitive compared to
fossil-based hydrogen. To harness all the opportunities associated with hydrogen, the
European Union needs a strategic approach. EU industry is rising to the challenge and has
developed an ambitious plan to reach 2x40 GW of electrolysers by 2030'°. Almost all
Member States have included plans for clean hydrogen in their National Energy and Climate
Plans, 26 have signed up to the “Hydrogen Initiative”!!, and 14 Member States have included
hydrogen in the context of their alternative fuels infrastructure national policy frameworks!?.
Some have already adopted national strategies or are in the process of adopting one.

However, deploying hydrogen in Europe faces important challenges that neither the private
sector nor Member States can address alone. Driving hydrogen development past the tipping
point needs critical mass in investment, an enabling regulatory framework, new lead markets,
sustained research and innovation into breakthrough technologies and for bringing new
solutions to the market, a large-scale infrastructure network that only the EU and the single
market can offer, and cooperation with our third country partners.

¢ ‘Burope's moment: Repair and Prepare for the Next Generation’, COM(2020) 456 final.

IRENA estimates that to achieve the Paris agreement around 8% of global energy consumption will be

provided by hydrogen (IRENA, Global Renewables Outlook, 2020).

8 FCH JU (2019) Hydrogen Roadmap Europe. Based on the ambitious scenario of 20 MT (665 TWh) of
hydrogen consumption.

°  BNEF (2020) Hydrogen Economy Outlook. Expected sales of USD 696 billion (2019 dollars).

10° 40 GW in Europe and 40 GW in Europe’s neighbourhood with export to the EU.

" Linz declaration, 17-18 September 2018. https://www.eu2018.at/calendar-events/political-events/BMNT-
2018-09-17-Informal-TTE.html.

12" Submitted under Directive 2014/94/EU.

— 141 —



All actors, public and private, at European national and regional level'*, must work together,
across the entire value chain, to build a dynamic hydrogen ecosystem in Europe.

In order to implement the ambition of the European Green Deal'* and building on the
Commission’s New Industrial Strategy for Europe!® and its recovery plan's, this
Communication sets out a vision of how the EU can turn clean hydrogen into a viable solution
to decarbonise different sectors over time, installing at least 6 GW of renewable hydrogen
electrolysers in the EU by 2024 and 40 GW of renewable hydrogen electrolysers by 2030.
This Communication identifies the challenges to overcome, lays out the levers that the EU can
mobilise and presents a roadmap of actions for the coming years.

As investment cycles in the clean energy sector run for about 25 years, the time to act is now.
This strategic roadmap provides a concrete policy framework within which the European
Clean Hydrogen Alliance - building on the success of the European Battery Alliance'” - a
collaboration between public authorities, industry and civil society, formally launched today,
will develop an investment agenda and a pipeline of concrete projects. It complements the
Strategy for Energy System Integration'®, presented at the same time, which describes how
the ongoing work streams of EU energy policy, including hydrogen development, will foster a
climate neutral integrated energy system with renewable electricity, circularity and renewable
and low-carbon fuels at its core. Both strategies contribute towards the achievement of the
Sustainable Development Goals and the objectives of the Paris Agreement.

2. TOWARDS A HYDROGEN ECOSYSTEM IN EUROPE: A ROADMAP TO 2050

The different ways to produce hydrogen, their greenhouse gas emissions and their relative
competitiveness

Hydrogen may be produced through a variety of processes. These production pathways are
associated with a wide range of emissions, depending on the technology and energy source
used and have different costs implications and material requirements. In this Communication:

- ‘Electricity-based hydrogen’ refers to hydrogen produced through the electrolysis of
water (in an electrolyser, powered by electricity), regardless of the electricity source. The
full life-cycle greenhouse gas emissions of the production of electricity-based hydrogen
depends on how the electricity is produced®.

- ‘Renewable hydrogen’ is hydrogen produced through the electrolysis of water (in an
electrolyser, powered by electricity), and with the electricity stemming from renewable
sources. The full life-cycle greenhouse gas emissions of the production of renewable

European Committee of the Regions, Towards a Roadmap for Clean Hydrogen- the contribution of local and
regional authorities to a climate-neutral Europe.

14 COM(2019) 640 final.

15 COM(2020) 102 final.

16 “Europe's moment: Repair and Prepare for the Next Generation’, COM(2020) 456 final.
https://ec.europa.eu/growth/industry/policy/european-battery-alliance en

18 COM(2020) 299 final.

The well-to-gate greenhouse gas emissions for the EU electricity mix are 14 kgCO2eq/kgH2 (based on 2018
EUROSTAT data, 252 t CO1.¢/GWh), while the world’s average electricity mix would result in 26
kgCO2eq/kgH2 (IEA, 2019).
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hydrogen are close to zero?®. Renewable hydrogen may also be produced through the
reforming of biogas (instead of natural gas) or biochemical conversion of biomass?!, if in
compliance with sustainability requirements.

‘Clean hydrogen’ refers to renewable hydrogen.

‘Fossil-based hydrogen’ refers to hydrogen produced through a variety of processes
using fossil fuels as feedstock, mainly the reforming of natural gas or the gasification of
coal. This represents the bulk of hydrogen produced today. The life-cycle greenhouse gas
emissions of the production of fossil-based hydrogen are high??.

‘Fossil-based hydrogen with carbon capture’ is a subpart of fossil-based hydrogen, but
where greenhouse gases emitted as part of the hydrogen production process are captured.
The greenhouse gas emissions of the production of fossil-based hydrogen with carbon
capture or pyrolysis are lower than for fossil-fuel based hydrogen, but the variable
effectiveness of greenhouse gas capture (maximum 90%) needs to be taken into account?.
‘Low-carbon hydrogen’ encompasses fossil-based hydrogen with carbon capture and
electricity-based hydrogen, with significantly reduced full life-cycle greenhouse gas
emissions compared to existing hydrogen production.

‘Hydrogen-derived synthetic fuels’ refer to a variety of gaseous and liquid fuels on the
basis of hydrogen and carbon. For synthetic fuels to be considered renewable, the
hydrogen part of the syngas should be renewable. Synthetic fuels include for instance
synthetic kerosene in aviation, synthetic diesel for cars, and various molecules used in the
production of chemicals and fertilisers. Synthetic fuels can be associated with very
different levels of greenhouse gas emissions depending on the feedstock and process used.
In terms of air pollution, burning synthetic fuels produces similar levels of air pollutant
emissions than fossil fuels.

Today, neither renewable hydrogen nor low-carbon hydrogen, notably fossil-based hydrogen
with carbon capture, are cost-competitive against fossil-based hydrogen. Estimated costs
today for fossil-based hydrogen are around 1.5 €/kg for the EU, highly dependent on natural
gas prices, and disregarding the cost of CO,. Estimated costs today for fossil-based hydrogen
with carbon capture and storage are around 2 €/kg, and renewable hydrogen 2.5-5.5 €/kg**.
Carbon prices in the range of EUR 55-90 per tonne of CO> would be needed to make fossil-
based hydrogen with carbon capture competitive with fossil-based hydrogen today*. Costs
for renewable hydrogen are going down quickly. Electrolyser costs have already been reduced
by 60% in the last ten years, and are expected to halve in 2030 compared to today with
economies of scale.’® In regions where renewable electricity is cheap, electrolysers are

20

22

22

23

24

25

26

The well-to-gate greenhouse gas emissions for renewable hydrogen from renewable electricity are close to
zero (IEA, 2019).

Ongoing Commission assessment of the EU and global biomass supply and demand and related sustainability
and a planned study announced in the EU Biodiversity Strategy (COM(2020) 380 final) on sustainability of
the use of forest biomass for energy production.

The well-to-gate greenhouse gas emissions of steam reforming of natural gas are 9 kgCO2eq/kgH2 (IEA,
2019).

The well-to-gate greenhouse gas emissions of steam reforming of natural gas with CCS with 90% capture is
1 kgCO2eq/kgH2, and 4 kgCO2eq/kgH2 with a capture rate of 56% (IEA, 2019)

IEA 2019 Hydrogen report (page 42), and based on IEA assumed natural gas prices for the EU of 22 €/ MWh,
electricity prices between 35-87 €/MWh, and capacity costs of €600/kW.

However, at this stage, costs can be only estimated given that no such project has started construction or
operation in the EU today.

Based on cost assessments of IEA, IRENA and BNEF. Electrolyser costs to decline from €900/kW to
€450/KW or less in the period after 2030, and €180/kW after 2040. Costs of CCS increases the costs of

— 143 —



expected to be able to compete with fossil-based hydrogen in 2030%’. These elements will be
key drivers of the progressive development of hydrogen across the EU economy.

A roadmap for the EU

The priority for the EU is to develop renewable hydrogen, produced using mainly wind
and solar energy. Renewable hydrogen is the most compatible option with the EU’s climate
neutrality and zero pollution goal in the long term and the most coherent with an integrated
energy system. The choice for renewable hydrogen builds on European industrial strength in
electrolyser production, will create new jobs and economic growth within the EU and support
a cost-effective integrated energy system. On the way to 2050, renewable hydrogen should
progressively be deployed at large scale alongside the roll-out of new renewable power
generation, as technology matures and the costs of its production technologies decrease. This
process must be initiated now.

In the short and medium term, however, other forms of low-carbon hydrogen are
needed, primarily to rapidly reduce emissions from existing hydrogen production and support
the parallel and future uptake of renewable hydrogen.

The hydrogen ecosystem in Europe is likely to develop through a gradual trajectory, at
different speeds across sectors and possibly across regions and requiring different policy
solutions.

In the first phase, from 2020 up to 2024, the strategic objective is to install at least 6 GW
of renewable hydrogen electrolysers in the EU and the production of up to 1 million
tonnes of renewable hydrogen?®, to decarbonise existing hydrogen production, e.g. in the
chemical sector and facilitating take up of hydrogen consumption in new end-use applications
such as other industrial processes and possibly in heavy-duty transport.

In this phase, manufacturing of electrolysers, including large ones (up to 100 MW), needs to
be scaled up. These electrolysers could be installed next to existing demand centres in larger
refineries, steel plants, and chemical complexes. They would ideally be powered directly from
local renewable electricity sources. In addition, hydrogen refuelling stations will be needed
for the uptake of hydrogen fuel-cell buses and at a later stage trucks. Electrolysers will thus
also be needed to locally supply an increasing number of hydrogen refuelling stations.
Different forms of low-carbon electricity-based hydrogen, especially those produced with
near zero greenhouse gas emissions, will contribute to scale up production and the market for
hydrogen. Some of the existing hydrogen production plants should be decarbonised by
retrofitting them with carbon capture and storage technologies.

Infrastructure needs for transporting hydrogen will remain limited as demand will be met
initially by production close or on site and in certain areas blending with natural gas might

natural gas reforming from €810/kWh, to €1512/kWh,. For 2050, the costs are estimated to be €1152/kWh,
(IEA, 2019).

Assuming current electricity and gas prices, low-carbon fossil-based hydrogen is projected to cost in 2030
between €2-2.5/kg in the EU, and renewable hydrogen are projected to cost between €1.1-2.4/kg (IEA,
IRENA, BNEF).

Up to 33 TWh of renewable hydrogen could be produced by either directly connecting renewable electricity
to the electrolysers, or by ensuring that certain conditions are met, including the additionally of the renewable
electricity used.
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occur, but planning of medium range and backbone transmission infrastructure should begin.
Infrastructure for carbon capture and use of CO> will be required to facilitate certain forms of
low-carbon hydrogen.

The policy focus will be on laying down the regulatory framework for a liquid and well-
functioning hydrogen market and on incentivising both supply and demand in lead markets,
including through bridging the cost gap between conventional solutions and renewable and
low-carbon hydrogen and through appropriate State aid rules. Enabling framework conditions
will push concrete plans for large wind and solar plants dedicated to gigawatt-scale renewable
hydrogen production before 2030.

The European Clean Hydrogen Alliance will help build up a robust pipeline of investments.
As part of the Commission’s recovery plan, funding instruments of Next Generation EU,
including the Strategic European Investment Window of the InvestEU programme and the
ETS Innovation Fund, will enhance the funding support and help bridge the investment gap
for renewables generated by the COVID-19 crisis.

In a second phase, from 2025 to 2030, hydrogen needs to become an intrinsic part of an
integrated energy system with a strategic objective to install at least 40 GW of renewable
hydrogen electrolysers by 2030 and the production of up to 10 million tonnes of renewable
hydrogen in the EU%.

In this phase, renewable hydrogen is expected to gradually become cost-competitive with
other forms of hydrogen production, but dedicated demand side policies will be needed for
industrial demand to gradually include new applications, including steel-making, trucks, rail
and some maritime transport applications, and other transport modes. Renewable hydrogen
will start playing a role in balancing a renewables-based electricity system by transforming
electricity into hydrogen when renewable electricity is abundant and cheap and by providing
flexibility. Hydrogen will also be used for daily or seasonal storage, as a backup and provide
buffering functions*’, enhancing security of supply in the medium term.

Additionally, the further retrofitting of existing fossil-based hydrogen production with carbon
capture should continue to reduce greenhouse gas and other air pollutant emissions in view of
the increased 2030 climate ambition.

Local hydrogen clusters, such as remote areas or islands, or regional ecosystems — so-called
“Hydrogen Valleys” — will develop, relying on local production of hydrogen based on
decentralised renewable energy production and local demand, transported over short
distances. In such cases, a dedicated hydrogen infrastructure can use hydrogen not only for
industrial and transport applications, and electricity balancing, but also for the provision of
heat for residential and commercial buildings?'.

2 Up to 333 TWh of renewable hydrogen could be produced by either directly connecting renewable electricity
to the electrolysers, or by ensuring that certain conditions are met, including the additionally of the renewable
electricity used.

Energy buffering realized through renewable hydrogen is a function very much beyond the renewable
electricity storage. Buffering makes energy available across different regions via hydrogen transportation and
hydrogen stocking facilities. Hydrogen buffering may interlink different end-use sectors and energy markets
(as opposed to electricity storage) and it could allow to re-price energy in specific hydrogen markets.

Pilot projects are ongoing to analyse the potential to replace natural gas boilers with hydrogen boilers.
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In this phase, the need for an EU-wide logistical infrastructure will emerge, and steps will be
taken to transport hydrogen from areas with large renewable potential to demand centres
located possibly in other Member States. The back-bone of a pan-European grid will need to
be planned and a network of hydrogen refuelling stations to be established. The existing gas
grid could be partially repurposed for the transport of renewable hydrogen over longer
distances and the development of larger-scale hydrogen storage facilities would become
necessary. International trade can also develop, in particular with the EU’s neighbouring
countries in Eastern Europe and in the Southern and Eastern Mediterranean countries.

In terms of policy focus, such a sustained scale up over a relatively short period will require
gearing up EU’s support and stimulate investments to build a fully-fledged hydrogen
ecosystem. By 2030 the EU will aim at completing an open and competitive EU hydrogen
market, with unhindered cross-border trade and efficient allocation of hydrogen supply among
sectors.

In a third phase, from 2030 onwards and towards 2050, renewable hydrogen
technologies should reach maturity and be deployed at large scale to reach all hard-to-
decarbonise sectors where other alternatives might not be feasible or have higher costs.

In this phase, renewable electricity production needs to massively increase as about a
quarter®? of renewable electricity might be used for renewable hydrogen production by 2050.

In particular, hydrogen and hydrogen-derived synthetic fuels, based on carbon neutral CO»,
could penetrate more largely across a wider range of sectors of the economy, from aviation
and shipping to hard-to-decarbonise industrial and commercial buildings. Sustainable biogas
may also have a role in replacing natural gas in hydrogen production facilities with carbon
capture and storage to create negative emissions, at the condition that biomethane leakage is
avoided and only in line with the biodiversity objectives and the principles stated in the
EU2030 Biodiversity Strategy™.

3. ANINVESTMENT AGENDA FOR THE EU

Achieving the deployment goals outlined in this strategic roadmap by 2024 and 2030 requires
a strong investment agenda exploiting synergies and ensuring coherence of public support
across the different EU funds and EIB financing, harnessing the leverage effect and avoiding
excessive support.

From now to 2030, investments in electrolysers could range between €24 and €42 billion. In
addition, over the same period, €220-340 billion would be required to scale up and directly
connect 80-120 GW of solar and wind energy production capacity to the electrolysers to
provide the necessary electricity. Investments in retrofitting half of the existing plants with
carbon capture and storage are estimated at around €11 billion. In addition, investments of
€65 billion will be needed for hydrogen transport, distribution and storage, and hydrogen

32 Assuming all renewable hydrogen would be produced by renewable electricity. Based on the 1.5 TECH long-

term decarbonisation scenario COM(2018) 773 final).
3 COM(2020) 380 final.
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refuelling stations®*. From now to 2050, investments in production capacities would amount
to €180-470 billion in the EU*.

Finally, adapting end-use sectors to hydrogen consumption and hydrogen-based fuels will
also require significant investments. For instance, it takes some €160-200 million to convert a
typical EU steel installation coming to end-of-life to hydrogen. In the road transport sector,
rolling out an additional 400 small-scale hydrogen refuelling stations (compared to 100 today)
could require investments of €850-1000 million®¢.

To support these investments and the emergence of a whole hydrogen eco-system, the
Commission kick-starts today the European Clean Hydrogen Alliance — announced in the
Commission’s New Industrial Strategy. The Alliance will play a crucial role in facilitating
and implementing the actions of this Strategy and supporting investments to scale up
production and demand for renewable and low-carbon hydrogen. It is strongly anchored in the
hydrogen industrial value chain from production via transmission to mobility, industry,
energy, and heating applications, and supports the related skills and labour market
adjustments where needed. It will bring together the industry, national, regional and local
public authorities and the civil society. Through interlinked, sector-based CEO round tables
and a policy-makers’ platform, the Alliance will provide a broad forum to coordinate
investment by all stakeholders and engage civil society.

The key deliverable of the Alliance will be to identify and build up a clear pipeline of viable
investment projects. This will facilitate coordinated investments and policies along the
hydrogen value chain, and cooperation across private and public stakeholders across the EU,
providing public support where appropriate and crowding in private investment. It will also
give visibility to these projects and allow them to find appropriate support where necessary.
At this point, already 1.5-2.3 GW of new renewable hydrogen production projects are under
construction or announced, and an additional 22 GW of electrolyser projects®’ are envisaged
and would require further elaboration and confirmation.

The Commission will also follow up on the recommendations identified in a report by the
Strategic Forum for Important Projects of Common European Interest (IPCEI)*® to
promote well-coordinated or joint investments and actions across several Member States
aimed at supporting a hydrogen supply chain. The cooperation initiated within the hydrogen
ecosystem in the Strategic Forum will contribute to a swift uptake of activity in the Clean
Hydrogen Alliance. In turn, the Alliance will simultaneously facilitate cooperation in a range
of large investment projects, including IPCEI projects, along the hydrogen value chain. The

3% Hydrogen Roadmap Europe, based on an ambitious scenario of 665 TWh by 2030 (FCH JU, 2019)

35 Asset study (2020). Hydrogen generation in Europe: Overview of costs and key benefits. Investment
projections assume 40 GW of renewable hydrogen as well as 5 MT of low-carbon hydrogen by 2030, and
500 GW of renewable electrolysers by 2050.

Asset study (2020). Hydrogen generation in Europe: Overview of costs and key benefits. Assuming a steel
production plant of 400,000 tonnes/year.

37 Short-term projects collected from the TYNDP ENTSOs, the IEA hydrogen project database, and presented
to the ETS Innovation Fund. Future project pipeline is based on industry estimates in Hydrogen Europe
(2020) Post Covid-10 and the Hydrogen Sector.
https://hydrogeneurope.eu/sites/default/files/Post%20COVID-
19%20for%20the%20Hydrogen%20Sector?%20(2).pdf.

Strengthening Strategic Value Chains for a future-ready EU Industry. Report of the Strategic Forum for
Important Projects of Common European Interest. https://ec.europa.eu/docsroom/documents/37824.
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specific IPCEI instrument enables State aid to address market failures for large cross-border
integrated projects for hydrogen and fuels derived from hydrogen that significantly contribute
to achieve climate goals.

Additionally, as part of the new recovery instrument Next Generation EU, the InvestEU
programme will see its capacities more than doubled. It will continue to support the
deployment of hydrogen, in particular by incentivising private investment, with a strong
leverage effect, through its original four policy windows and the new Strategic Investment
Window.

The renewed sustainable finance strategy to be adopted by the end of 2020 and the EU
sustainable finance taxonomy* will guide investments in hydrogen across key economic
sectors by promoting activities and projects that will provide a substantial contribution to de-
carbonisation.

A number of Member States have identified renewable and low-carbon hydrogen as a
strategic element of their National Energy and Climate Plans. The Commission will exchange
with Member States on their hydrogen plans through the Hydrogen Energy Network
(HyNet)**. Member States will need to build, among others, on these plans, and on the
priorities identified in the context of the European Semester, when designing their national
recovery and resilience plans in the context of the new Recovery and Resilience Facility,
which will aim to support Member States’ investment and reforms that are essential for a
sustainable recovery.

Furthermore, the European Regional Development Fund and the Cohesion Fund, which
will benefit from a top-up in the context of the new initiative REACT-EU, will continue to
be available to support the green transition. In the framework of the next funding period 2021-
2027, the Commission will work with Member States, regional and local authorities, the
industry and other stakeholders so that these funds contribute to support innovative solutions
in the field of renewable and low-carbon hydrogen, with technology transfer, public-private
partnerships, as well as pilot lines to test new solutions or perform early product validation.
The possibilities offered to carbon intensive regions under the Just Transition Mechanism
should also be fully explored. Finally, synergies between the Connecting Europe Facility
Energy and the Connecting Europe Facility Transport will be harnessed to fund dedicated
infrastructure for hydrogen, repurposing of gas networks and carbon capture projects, and
finance hydrogen refuelling stations.

4. BOOSTING DEMAND AND SCALING UP PRODUCTION

Building up a hydrogen economy in Europe requires a full value chain approach. The
production of hydrogen from renewable or low-carbon sources, the development of
infrastructure to supply hydrogen to the end-consumers, and the creation of market demand
need to go in parallel, activating a virtuous circle of increased supply and demand for
hydrogen. It also requires reduced supply costs — through declining costs for clean
production and distribution technologies and affordable costs of renewable energy input,

39 Regulation on establishment of a framework to facilitate sustainable investment.
40 HyNet is an informal platform set up by DG ENER to support national authorities on hydrogen issues.
https://ec.europa.eu/energy/topics/energy-system-integration/hydrogen_en.

— 148 —



ensuring cost competitiveness with fossil fuels. Off-grid renewable hydrogen production is a
further option in this context.

In addition, it will require a large amount of raw materials*!. Securing these raw materials
should, therefore, be also looked at in the Critical Raw Materials Action Plan, the
implementation of the new Circular Economy Action Plan, and EU’s trade policy approach to
ensure undistorted, fair trade and investments in those raw materials. A life-cycle approach is
also needed to minimise the negative climate and environmental impacts of the hydrogen
sector.

Boosting demand and supply of hydrogen is likely to require various forms of support,
differentiated in line with the vision of this strategy to prioritise the deployment of renewable
hydrogen. While in a transition phase, appropriate support will be needed for low carbon
hydrogen, this should not lead to stranded assets. The revision of the State aid framework,
including the State aid guidelines for energy and environmental protection, foreseen in 2021,
will be an opportunity to create a comprehensive enabling framework to advance the
European Green Deal and in particular decarbonisation, including with respect to hydrogen
while limiting potential distortions of competition and adverse effects in other Member States.

Boosting demand in end-use sectors

The creation of new lead markets goes hand in hand with the scaling up of the production of
hydrogen. Two main lead markets, industrial applications and mobility, can be gradually
developed to use the potential of hydrogen for a climate-neutral economy cost-effectively.

An immediate application in industry is to reduce and replace the use of carbon-intensive
hydrogen in refineries, the production of ammonia, and for new forms of methanol
production, or to partially replace fossil fuels in steel making. In a second phase, hydrogen
can form the basis for investing in and constructing zero-carbon steel making processes in the
EU, envisioned under the Commission’s new industrial strategy.

In transport, hydrogen is also a promising option where electrification is more difficult. In a
first phase, early adoption of hydrogen can occur in captive uses, such as local city buses,
commercial fleets (e.g. taxis) or specific parts of the rail network, where electrification is
not feasible. Hydrogen refuelling stations can easily be supplied by regional or local
electrolysers, but their deployment will need to build on clear analysis of fleet demand and
different requirements for light- and heavy-duty vehicles.

Hydrogen fuel cells should be further encouraged in heavy-duty road vehicles, alongside
electrification, including coaches, special purpose vehicles, and long-haul road freight given
their high CO> emissions. The 2025 and 2030 targets set out in the CO> Emission Standards
Regulation are an important driver to create a lead market for hydrogen solutions, once fuel
cell technology is sufficiently mature and cost-effective. Projects of the Horizon 2020 Fuel
Cells and Hydrogen Joint Undertaking (FCH-JU) are aiming to accelerate Europe’s
technological lead.

41 Europe is fully dependent on the supply of 19 of 29 raw materials relevant to fuel cells and electrolyser
technologies (such as the platinum group metals), and also relies on several critical raw materials for various
renewable power generation technologies.
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Hydrogen fuel-cell trains, could be developed to other viable train commercial routes that
are difficult or not cost-effective to electrify: about 46 % of the mainline network is still being
served by diesel technology today. Certain fuel-cell hydrogen train applications (e.g. Multiple
Units) can already be cost competitive with diesel today.

For inland waterways and short-sea shipping, hydrogen can become an alternative low
emission fuel, especially since the Green Deal emphasises that CO, emission in the maritime
sector must have a price. Scaling up fuel cell power from one*? to multiple megawatts and
using renewable hydrogen for the production of synthetic fuels, methanol or ammonia - with
higher energy density — are required for longer-distance and deep-sea shipping.

Hydrogen can become in the longer-term an option to decarbonise the aviation and maritime
sector, through the production of liquid synthetic kerosene or other synthetic fuels. These are
“drop-in” fuels that can be used with existing aircraft technology, but implications in terms of
energy efficiency have to be taken into account. In the longer-term, hydrogen-powered fuel
cells, requiring adapted aircraft design, or hydrogen-based jet engines may also constitute an
option for aviation. To realise these ambitions will require a roadmap for the considerable
long-term research and innovation efforts*’, including under Horizon Europe, the Fuel Cell
and Hydrogen Joint Undertaking and possible initiatives as part of the Hydrogen Alliance.

The Commission will address the use of hydrogen in the transport sector in the upcoming
Sustainable and Smart Mobility Strategy, announced in the European Green Deal and due
to be presented before the end of 2020.

The key limiting factor for the use of hydrogen in industrial applications and transport is often
the higher costs, including additional investments into hydrogen-based equipment, storage
and bunkering facilities. Furthermore, the potential impact of supply chain risks and market
uncertainty are amplified by the tight margins for final industrial products due to international
competition.

Demand side support policies will therefore be needed. The Commission will consider
various options for incentives at EU level, including the possibility of minimum shares or
quotas of renewable hydrogen or its derivatives in specific end-use sectors** (for instance
certain industries as the chemical sector, or transport applications), allowing demand to be
driven in a targeted way. In this context, the concept of virtual blending® could be explored.

42 The FLAGSHIP project is developing two commercial hydrogen-power fuel cell vessels in France and in

Norway, with hydrogen produced on-site with 1 MW electrolysers powered by renewable electricity.
Hydrogen-powered aviation. A fact-based study of hydrogen technology, economics and climate impact by
2050. May 2020.

https://www.fch.europa.eu/sites/default/files/FCH%20Docs/20200507 Hydrogen%20Powered%20Aviation
%?20report FINAL%20web%20%281D%208706035%29.pdf.

The Renewable Energy Directive already provides support for renewable hydrogen and includes it explicitly
as a means of meeting the sectorial target for renewables in the transport sector.

43

a4

4 “Virtual blending’ refers to a share of hydrogen in the overall volume of gaseous energy carriers (i.e.

methane) regardless as to whether these gases are blended physically in the same infrastructure or in separate,
dedicated infrastructures.
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Scaling up production

Whilst around 280 companies*® are active in the production and supply chain of electrolysers
and more than 1 GW of electrolyser projects are in the pipeline, the total European production
capacity for electrolysers is currently below 1 GW per year. To reach the strategic objective
of 40 GW electrolyser capacity by 2030, a coordinated effort with the European Clean
Hydrogen Alliance, Member States and front-runner regions is needed as well as support
schemes before hydrogen becomes cost-competitive. The technologies for scaling up
hydrogen production such as solar and wind-based electricity as well as carbon capture use
and storage continue to get increasingly competitive as the supply chain develops.

To kick-start hydrogen development, European industry needs clarity and investors need
certainty in the transition, notably a clear understanding across the Union on (i) the hydrogen
production technologies that need to be developed in Europe, as well as (ii) what can be
considered as renewable and low-carbon hydrogen. The end goal for the EU is clear: climate-
neutral energy system integration with renewable hydrogen and renewable electricity at its
core. As this will be a challenge taking a long period of time, the EU will need to plan this
transition carefully, taking into account today’s starting points and infrastructure that may
differ across Member States.

In order to tailor a supportive policy framework in function of the carbon emission reduction
benefits of hydrogen in a transitional phase, and to inform customers, the Commission will
work to swiftly introduce, based on impact assessments, EU-wide instruments. This would
include a common low-carbon threshold/standard for the promotion of hydrogen
production installations based on their full life-cycle greenhouse gas performance, which
could be defined relative to the existing ETS benchmark?*’ for hydrogen production. In
addition, it would include a comprehensive terminology and European-wide criteria for
the certification of renewable and low-carbon hydrogen possibly building on the existing
ETS monitoring, reporting and verification and the provisions set out in the Renewable
Energy Directive*®. This framework could be based on the full life-cycle greenhouse gas
emissions*’, considering the already existing CertifHy*° methodologies developed by industry
initiatives, in consistency with the EU taxonomy for sustainable investments. The specific,
complementary functions that Guarantees of Origin (GOs) and sustainability certificates
already play in the Renewable Energy Directive can facilitate the most cost-effective
production and EU-wide trading.

As regards electricity-based hydrogen, the growing share of renewables in power generation
together with the ETS cap on the CO; emissions of electricity for the EU as a whole will over
time lead to lower CO; emissions upstream while the use of hydrogen is replacing fossil fuels

46
47

60% of EU companies active are small- and medium-size enterprises.

Only refers to steam methane reforming.

The Renewable Energy Directive allows hydrogen produced from installations connected to the grid (even if
the electricity mix has low shares of renewable electricity) to be statistically accounted for as 100%
renewable, provided that certain conditions are met, including the additionally of the renewable electricity
used. The Commission will table a delegated act laying out the conditions in 2021.

49 See Energy System Integration Strategy COM(2020) 299 final.

50 E.g. CertifHy sets a life-cycle GHG emission threshold based on the existing ETS benchmark and an
emission reduction target derived from the Renewable Energy Directive.

48
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downstream in end-use sectors. The CO; emissions of electricity remain relevant for policies
stimulating hydrogen production as it should be avoided that electricity production as such is
supported indirectly; demand for electricity for hydrogen should be enabled in particular at
times of abundant supply of renewable electricity in the grid. In the case of fossil-based
hydrogen with carbon capture, the Commission will address upstream methane emissions
occurring during the production and transport of natural gas and propose mitigating measures
as part of the upcoming EU Strategy on Methane.

A supportive policy framework for scaling up hydrogen

An incentivising, supportive policy framework needs to enable renewable and, in a
transitional period, low-carbon hydrogen to contribute to decarbonisation at the lowest
possible cost, whilst considering other important aspects, such as industrial competitiveness
and its value chain implications for the energy system. The EU already has the basis for a
supportive policy-framework, notably with the Renewable Energy Directive and the Emission
Trading System (ETS), while the Next Generation EU, the 2030 Climate Target Plan, and the
Industrial Policy provide the instruments and financial resources to accelerate our efforts
towards a sustainable recovery.

The ETS, as a market based instrument, already provides a technology-neutral, EU-wide
incentive towards cost-effective decarbonisation in all its covered sectors through carbon
pricing. A strengthened ETS, with potential expansion in scope as announced as part of the
Green Deal, will gradually reinforce that role. Almost all existing fossil based hydrogen
production is covered by the ETS, but the sectors concerned’' are deemed to be at a
significant risk of carbon leakage and therefore receive free allocation at 100% of benchmark
levels. As foreseen in the ETS Directive®?, the benchmark used for free allocation will be
updated for phase 4. In the forthcoming revision of the ETS, the Commission may consider
how the production of renewable and low-carbon hydrogen could be further incentivised,
while taking due account of the risk for sectors exposed to carbon leakage. Should differences
in climate ambition levels around the world persist, the Commission will propose a Carbon
Border Adjustment Mechanism in 2021 to reduce the risk of carbon leakage, in full
compatibility with WTO rules, and will also look at the implications for hydrogen.

With the need to scale-up renewable and low-carbon hydrogen before they are cost-
competitive, support schemes are likely to be required for some time, subject to
compliance with competition rules. A possible policy instrument would be to create tendering
systems for carbon contracts for difference (‘CCfD’). Such a long term contract with a
public counterpart would remunerate the investor by paying the difference between the CO»
strike price and the actual CO> price in the ETS in an explicit way, bridging the cost gap?
compared to conventional hydrogen production. Areas where a pilot scheme for carbon
contracts for difference can be applied is to accelerate the replacement of existing hydrogen
production in refineries and fertiliser production, low carbon and circular steel and basic
chemicals, and to support the deployment in the maritime sector of hydrogen and derived
fuels such as ammonia and the deployment of synthetic low-carbon fuels in the aviation

51 Notably for refineries and fertiliser production.

2 DIRECTIVE (EU) 2018/410.

53 The contract would cover the difference between the CO2 strike price and the actual CO2 price in the ETS in
an explicit way.
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sector. It could be implemented at EU, or national level, including with the support of the ETS
Innovation Fund. The proportionality of such measures and their market impact should be
assessed carefully ensuring that these comply with the State aid guidelines for energy and
environmental protection.

Finally, direct and transparent, market-based support schemes for renewable hydrogen,
allocated through competitive tenders, could be envisaged. Market-compatible support should
be coordinated within a transparent, efficient and competitive hydrogen and electricity market
that provides price signals that reward electrolysers for the services they provide to the energy
system (e.g. flexibility services, augmenting renewable production levels, reducing burden
from renewable incentives).

Overall, this approach allows for differentiated support for boosting demand and supply,
taking into account the type of hydrogen and different starting points of Member States, in
line with State aid policy. Investments into renewable and low-carbon hydrogen production
installations and technologies, such as electrolysers, can apply for EU funding. Furthermore,
carbon contracts for difference for renewable and low-carbon hydrogen could provide initial
support for early deployment in various sectors until they have become sufficiently mature
and cost-competitive in their own right. For renewable hydrogen, direct market based support
schemes and quotas could also be considered. This should allow to kick-start a hydrogen
ecosystem of significant scale throughout the EU in the coming decade and towards full
commercial deployment afterwards.

5. DESIGNING A FRAMEWORK FOR HYDROGEN INFRASTRUCTURE AND MARKET RULES

The role of infrastructure

A condition for a widespread use of hydrogen as an energy carrier in the EU is the availability
of energy infrastructure for connecting supply and demand. Hydrogen may be transported via
pipelines, but also via non-network based transport options, e.g. trucks or ships docking at
adapted LNG terminals, insofar as technically feasible. Transport can happen as pure gaseous
or liquid hydrogen, or bound in bigger molecules that are easier to transport (e.g. ammonia or
liquid organic hydrogen carriers). Hydrogen can also provide cyclical or seasonal storage, e.g.
in salt caverns®, to produce electricity to cover peak demand, secure hydrogen supply, and
allow electrolysers to operate flexibly.

The infrastructure needs for hydrogen will ultimately depend on the pattern of hydrogen
production and demand and transportation costs and are linked to the different phases of the
development of hydrogen production, increasing significantly after 2024. Furthermore,
infrastructure to support carbon capture use and storage may be needed for the production of
low-carbon hydrogen and synthetic fuels. Following the stepwise approach outlined above
demand for hydrogen may initially be met by production on-site (from local renewables
sources or natural gas) in industrial clusters and coastal areas through existing “point-to-
point” connections between production and demand. The existing rules for so-called closed

5% In the UK, at Teesside in Yorkshire, a British company stores 1 million m3 of pure hydrogen (95% H> and 3—
4% CO») in three salt caverns at a depth about 400 m at 50 bar. Europe’s technical potential to store hydrogen
in salt caverns is around 85 PWh (Caglayan et al. 2020).
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distribution systems, direct lines or exemptions in the gas and electricity markets may provide
guidance on how to address this®.

In the second phase, local hydrogen networks would emerge to cater for additional industrial
demand. With increasing demand, the optimisation of the production, use and transport of
hydrogen will have to be secured and is likely to require longer-range transportation to ensure
that the entire system is efficient through the revision of the Trans-European Networks for
Energy (TEN-E) and the review of the internal gas market legislation for competitive
decarbonised gas markets3. To ensure interoperability of markets for pure hydrogen,
common quality standards (e.g. for purity and thresholds for contaminants) or cross-border
operational rules may be necessary.

This process should be combined with a strategy to meet the transport demand through a
network of refuelling stations, linked to the review of the Alternative Fuels Infrastructure
Directive and the revision of the Trans-European Transport Network (TEN-T).

With the imminent phase-out of low calorific gas and with the demand for natural gas
declining after 2030, elements of the existing pan-European gas infrastructure could be
repurposed to provide the necessary infrastructure for large-scale cross-border transport of
hydrogen. Repurposing may provide an opportunity for a cost-effective energy transition
in combination with (relatively limited) newly built hydrogen dedicated infrastructure’.

However, existing natural gas pipelines are owned by network operators that are often not
allowed to own, operate and finance hydrogen pipelines. To enable repurposing of existing
assets, its technical suitability must be assessed as well as a review of the regulatory
framework for competitive decarbonised gas markets should allow such financing and
operation with an overall energy system perspective in mind. Sound infrastructure planning,
such as on the basis of ten year network development plans (‘TYNDP’), is needed on the
basis of which decisions to invest can be taken. Such planning should also inform and be the
basis for incentivising investments by private investors in electrolysers at the best locations.
The Commission will thus ensure the full integration of hydrogen infrastructure in the
infrastructure planning, including through the revision of the Trans-European Networks for
Energy and the work on Ten-Year Network Development Plans (TYNDPs), taking into
account also the planning of a network of fuelling stations.

The blending of hydrogen in the natural gas network at a limited percentage may enable
decentralised renewable hydrogen production in local networks in a transitional phase®.
However, blending is less efficient and diminishes the value of hydrogen. Blending also
changes the quality of the gas consumed in Europe and may affect the design of gas
infrastructure, end-user applications, and cross-border system interoperability. Blending thus

% See Articles 28 and 38 of Directive 2009/73/EC (OJ 211/94 of 14.08.2009) and Articles 7 and 38 of Directive
(EU) 2019/944 (OJ 158/125 of 14.06.2019).

% Review of Directive 2009/73/EC concerning common rules for the internal market in natural gas and

Regulation (EC) 715/2009 on conditions for access to the natural gas transmission networks.

E.g. it is expected that a hydrogen network in Germany and the Netherlands may consist of up to 90% of the

of repurposed natural gas infrastructure. Repurposed pipelines are often already to a large extent depreciated.

It would provide a reliable evacuation route, and, if combine with support schemes, guarantees revenues to

kick-start production. Particularly for electrolysers located at optimal production sites, rather than in

proximity to demand, a lack of sufficient dedicated hydrogen infrastructure may imply increased investments

in on-site storage and/or curtailment of production.

57
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risks fragmenting the internal market if neighbouring Member States accept different levels of
blending and cross-border flows are hindered. To mitigate such a situation, the technical
feasibility of adjusting the quality and cost of handling the differences in gas quality need to
be assessed. Current gas quality standards — national and CEN — would need to be updated.
Moreover, reinforcement of instruments may be needed to secure cross-border coordination
and system interoperability for an unhindered flow of gases across Member States. These
options require careful consideration in terms of their contribution to the decarbonisation of
the energy system as well as economic and technical implications.

Fostering liquid markets and competition

As EU Member States have different potential for the production of renewable hydrogen, an
open and competitive EU market with unhindered cross-border trade has important benefits
for competition, affordability, and security of supply.

Moving towards a liquid market with commodity-based hydrogen trading would facilitate
entry of new producers and would be beneficial for deeper integration with other energy
carriers. It would create viable price signals for investments and operational decisions. Whilst
recognising the inherent differences, existing rules that enable efficient commercial operations
developed for the electricity and gas markets, such as access to trading points and standard
product definitions, could be considered for a hydrogen market under the review of the gas
legislation for competitive decarbonised gas markets.

To facilitate the deployment of hydrogen and develop a market where also new producers
have access to customers®’, hydrogen infrastructure should be accessible to all on a non-
discriminatory basis. In order not to distort the level playing field for market-based activities,
network operators must remain neutral. Third-party access rules, clear rules on connecting
electrolysers to the grid and streamlining of permitting and administrative hurdles will need to
be developed to reduce undue burden to market access. Providing clarity now will avoid sunk
investments and the costs of ex-post interventions later.

An open and competitive EU market with prices that reflect energy carriers’ production costs,
carbon costs, and external costs and benefits would efficiently provide clean and safe
hydrogen to end users who value it most®®. Equal treatment of hydrogen with other carriers
must be ensured to not distort the relative prices of different energy carriers®!. Solid relative
price signals not only allow energy users to make informed decisions about what energy
carrier to use where, it also means that they can make efficient decisions between consuming
energy or not, i.e. to make an optimal trade-off when investing in energy efficiency
measures.

59 In line with the European Pillar of Social Rights (principle 20),where technology promotes the affordability

of, and access to essential services for all.

This would be in line with the energy efficiency first principle.

For instance, energy losses from hydrogen production or conversion should not be socialised if it generates
undue advantage compared to other carriers.
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6. PROMOTING RESEARCH AND INNOVATION IN HYDROGEN TECHNOLOGIES

The EU has supported research and innovation on hydrogen for many years, starting through
traditional collaborative projects®?, and subsequently mainly with the Fuel Cell and Hydrogen
Joint Undertaking (FCH JU)®. These efforts have enabled several technologies to come close
to maturity®, alongside the development of high-profile projects in promising applications®,
and to achieve EU global leadership for future technologies, notably on electrolysers,
hydrogen refuelling stations and megawatt-scale fuel cells. EU funded projects also allowed
improvement in the understanding of the applicable regulation for boosting the production
and utilisation of hydrogen in the EU.

To ensure a full hydrogen supply chain to serve the European economy, further research and
innovation efforts are required.

First, on the generation side, this will entail upscaling to larger size, more efficient and
cost-effective electrolysers in the range of gigawatts that, together with mass manufacturing
capabilities and new materials, supply hydrogen to large consumers. As a first step, a call for
proposals for a 100 MW electrolyser will be launched this year. Solutions at lower
technology readiness level need also to be incentivised and developed such as, for example,
hydrogen production from marine algae, from direct solar water splitting, or from pyrolysis
processes with solid carbon as side product, while paying due attention to sustainability
requirements.

Second, infrastructure needs further development to distribute, store and dispense
hydrogen at large volumes and possibly over long distances. The repurposing of existing
gas infrastructure for transporting hydrogen or hydrogen-based fuels also needs further
research, development and innovation activities.

Third, large scale end-use applications need to be further developed, notably in industry
(e.g. using hydrogen to replace coking coal in steel-making or upscaling renewable hydrogen
in chemical and petrochemical industry) and in transport (e.g. heavy duty road transport, rail,
waterborne and aviation). Pre-normative research, including the safety dimension, should be
tailored to assist deployment plans and enable improved, harmonised standards.

Finally, further research is needed to support policy making on a number of cross-cutting
areas, in particular to enable improved and harmonised (safety) standards and monitoring
and assess social and labour market impacts. Reliable methodologies have to be developed for
assessing the environmental impacts of hydrogen technologies and their associated value
chains, including their full life-cycle greenhouse gas emissions and sustainability.
Importantly, securing the supply of critical raw materials in parallel to material reduction,
substitution, reuse, and recycling needs a thorough assessment in the light of their future
expected increasing deployment, with due account being paid to ensuring security of supply
and high levels of sustainability in Europe.

2 First examples are the hydrogen bus demonstration through the CUTE projects (started in 2003) and its

successor HyFLEET: CUTE, which made major advances in proving fuel cell and hydrogen propulsion
technologies.

FCH JU is a public private partnership aligning European research and industry to a common research
agenda. Over the last decade, the EU contributed around €900 million to FCH JU.

® E.g. buses, passenger cars, vans, material-handling vehicles, and refuelling stations.

8  E.g. e-fuels for aviation, hydrogen in rail, and the maritime sector.
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Coordinated EU research and innovation support is also needed for large-scale high-impact
projects across the entire hydrogen value chain, including large scale electrolysers
(hundreds of megawatts connected to clean electricity production and supplying renewable
hydrogen for example to industrial areas or green airports and ports (as proposed in the Green
Deal Call), that are able to test technology in real life environment.

To address all these challenges the Commission will carry out a set of actions targeting
research, innovation, and relevant international cooperation®®, supporting the energy and
climate policy objectives.

Under the Research and Innovation framework Programme Horizon FEurope, an
institutionalized Clean Hydrogen Partnership was proposed with main focus on renewable
hydrogen production, transmission, distribution and storage, alongside selected fuel cell end-
use technologies®’. While the Clean Hydrogen Partnership will support research, development
and demonstration of technologies to bring them to market readiness, the Clean Hydrogen
Alliance will pool resources to bring scale and impact to industrialisation efforts, in order to
achieve further cost reductions and competitiveness. The Commission also proposes to
increase the support for research and innovation in the end-use of hydrogen in key sectors
through synergies with important partnerships proposed under Horizon Europe, notably on
transport®® and on industry®. Close cooperation between these partnerships would support the
development of supply chains for hydrogen and jointly scale-up investments.

In addition, the ETS Innovation Fund, which will pool together around €10 billion to
support low-carbon technologies over the period 2020-2030, has the potential to facilitate
first-of-a-kind demonstration of innovative hydrogen-based technologies. The Fund can
substantially reduce the risks of large and complex projects, and therefore offers a unique
opportunity to prepare such technologies for a wide-scale roll out. A first call for proposals
under the Fund was launched on 3 July 2020.

The Commission will also provide targeted support to build the necessary capacity for
preparation of financially sound and viable hydrogen projects, where this is identified as a
priority in the relevant national and regional programmes, through dedicated instruments (e.g.
InnovFin Energy Demonstration Projects, InvestEU) possibly in combination with advisory
and technical assistance from the Cohesion Policy, from the European Investment Bank
Advisory Hubs or under Horizon Europe. For example, the Hydrogen Valleys Partnership’ is
already supporting innovation hydrogen eco-systems. In the next funding period, a dedicated
Interregional Innovation Investment Instrument with a pilot action on hydrogen technologies
in carbon-intensive regions will support the development of innovative value chains in the
context of the European Regional Development Fund.

66
67
68

For international actions in Research and Innovation please refer to part 7.

As fuel cell and electrolyser technologies have many similarities.

For example, the proposal of Transport R&I partnerships like 2Zero, Zero Emission Waterborne Transport,
and Clean Aviation under Horizon Europe will establish further R&I research on Hydrogen applications for
Transport.

For example on clean steel, circular and climate neutral industries.

This is supported under the S3 Platform on Industrial Modernisation.
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The cooperation with research and innovation efforts of Member States in the context of the
Strategic Energy Technologies (SET) Plan priorities’! will also be ensured. Synergies with
other instruments such as the Innovation Fund or Structural Funds will be sought in order to
bridge the valley-of-death through first-of-a-kind demonstration projects reflecting the
diversity of opportunities for renewable and low-carbon hydrogen across the EU.

7. THE INTERNATIONAL DIMENSION

The international dimension is an integral part of the EU approach. Clean hydrogen offers
new opportunities for re-designing FEurope’s energy partnerships with both
neighbouring countries and regions and its international, regional and bilateral partners,
advancing supply diversification and helping design stable and secure supply chains.

In line with the external dimension of the European Green Deal, the EU has a strategic
interest in placing hydrogen high on its external energy policy agenda, continuing to invest in
international cooperation on climate, trade and research activities but also broadening its
agenda to new areas.

For many years, research has been the basis for international cooperation on hydrogen. The
EU, together with the US and Japan, developed the most ambitious research programmes
addressing different segments of the hydrogen value-chain, and the International
Partnership for a Hydrogen Economy (IPHE) was established as a first vehicle in this
respect.

The interest in clean hydrogen is now growing globally. Several countries are developing
ambitious research programmes along national hydrogen strategies’?, and an international
hydrogen trade market is likely to develop. The US and China are investing massively in
hydrogen research and industrial development. Some of EU’s current gas suppliers and
countries with a strong potential for renewables are considering opportunities to export
renewable electricity or clean hydrogen to the EU. For example Africa, due to its abundant
renewables potential and in particular North Africa due to geographic proximity, is a potential
supplier of cost-competitive renewable hydrogen to the EU”® requiring that the deployment of
renewable power generation in these countries strongly accelerates.

In this context, the EU should actively promote new opportunities for cooperation on clean
hydrogen with neighbouring countries and regions, as a way to contribute to their clean
energy transition and foster sustainable growth and development. Taking into account
natural resources, physical interconnections and technological development, the Eastern
Neighbourhood, in particular Ukraine, and the Southern Neighbourhood countries should be
priority partners. Cooperation should range from research and innovation to regulatory policy,
direct investments and undistorted and fair trade in hydrogen, hydrogen, its derivatives, and
the associated technologies and services. According to industry’s estimate 40 GW of
electrolysers could be potentially installed in the Eastern and Southern Neighbourhood by

"' In particular the SET Plan actions where hydrogen use is addressed, such as the actions on industry, on fuels

and on CCSU.

E.g. Australia, Canada, Norway, South Korea, and several EU Member States.

This would require that the deployment of renewable power generation in these countries strongly
accelerates.
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2030, ensuring a sustained cross-border trade with the EU. Realising the ambition and
supplying significant amounts of renewable hydrogen to the EU should be addressed in
energy cooperation and diplomacy.

To support investments in clean hydrogen in the European Neighbourhood, the Commission
will mobilise the available financing instruments including the Neighbourhood Investment
Platform, which has financed for many years projects accompanying the clean energy
transition of partner countries. The Commission would also be ready to support new
hydrogen-related project proposals by international financial institutions, for potential co-
financing through this blending facility, for example in the context of the Western Balkans
Investment Framework .

The EU Stabilisation and Association Agreements with the Western Balkans, as well as the
Association Agreements with Neighbourhood countries, provide the political framework for
the participation of those countries in joint hydrogen research and development programmes
with the EU. The Energy Community and the Transport Community will have a critical
role to play for the promotion of EU regulations, standards and clean hydrogen, including the
deployment of new infrastructure, such as refuelling networks and the re-use, where relevant,
of existing natural gas grids, as the regional sectorial international cooperation fora.
Participation of the Western Balkans and Ukraine in the Clean Hydrogen Alliance will be
encouraged.

The energy dialogues with partners in the Southern Neighbourhood will help define and
advance a common agenda and identify projects and joint activities. Cooperation with the
industry should also be promoted through regional cooperation fora such as the “Observatoire
Méditerranéen de I’Energie”. The Commission will explore in the context of the Africa-
Europe Green Energy Initiative’” the opportunity to support awareness raising of clean
hydrogen opportunities amongst public and private partners, including joint research and
innovation projects. It will also consider potential projects through the European Fund for
Sustainable Development’.

More broadly hydrogen could be mainstreamed in the EU’s international, regional and
bilateral energy and diplomacy efforts, but also on climate, research, trade and international
cooperation. Broad agreement with international partners will be essential to establish
conditions for the emergence of a global, rules-based market that contributes to a secure and
competitive hydrogen supply for the EU market. Early action will be key to prevent the
emergence of market barriers and trade distortions. In this context, an assessment of how to
address possible distortions and barriers to trade and investment in hydrogen will be carried
out in the context of the ongoing EU Trade Policy review. Furthermore, bilateral dialogues
promoting EU regulations, standards and technologies could be facilitated.

74 Which is endowed with funds of the EU Instrument for Pre-accession Assistance, as well as with

contributions from the International Financing Institutions belonging to its platform.

The Africa Europe Green Energy Initiative was laid out in the Communication ‘Towards a comprehensive
Strategy with Africa’ JOIN(2020) 4 final of 09.03.2020.

The European Fund for Sustainable Development (EFSD) supports investments in Africa and the EU’s
neighbouring countries to help achieve the UN 2030 Agenda, its Sustainable Development Goals and the
Paris Agreement on Climate Change.
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Furthermore, the EU should promote in multilateral fora the development of international
standards and the setting up common definitions and methodologies for defining overall
emissions from each unit of hydrogen produced and carried to final use as well as
international sustainability criteria. The EU is already highly involved in IPHE, and co-leads
the new clean hydrogen mission under Mission Innovation and the Clean Energy Ministerial
Hydrogen initiative (CEM H2I). International collaboration could also be expanded through
international standardisation bodies and global technical regulations of the United Nations
(UN-ECE, International Maritime Organisation), including harmonisation of automotive
regulation for hydrogen vehicles. Cooperation under G20, as well as with the International
Energy Agency (IEA) and the International Renewable Energy Agency (IRENA), creates
further opportunities for exchange of experiences and best practices.

Finally, to reduce the foreign exchange risks for EU market operators, both on imports and
exports, it is important to facilitate the development of a structured international hydrogen
market in euro. Hydrogen being a nascent market, the Commission will develop a
benchmark for euro denominated transactions in hydrogen thus contributing to
consolidate the role of the euro in trade of sustainable energy.

8. CONCLUSIONS

Renewable and low-carbon hydrogen can contribute to reduce greenhouse gas emissions
ahead of 2030, to the recovery of the EU economy, and is a key building block towards a
climate-neutral and zero pollution economy in 2050, by replacing fossil fuels and feedstock in
hard-to-decarbonise sectors. Renewable hydrogen also offers a unique opportunity for
research and innovation, maintaining and expanding Europe’s technological leadership, and
creating economic growth and jobs across the full value chain and across the Union.

This requires ambitious and well-coordinated policies at national and European levels, as well
as diplomatic outreach on energy and climate with international partners. This strategy brings
different strands of policy action together, covering the entire value chain, as well as the
industrial, market and infrastructure angles together with the research and innovation
perspective and the international dimension, in order to create an enabling environment to
scale up hydrogen supply and demand for a climate-neutral economy. The Commission
invites the Parliament, the Council, other EU institutions, social partners and all stakeholders
to discuss how to leverage the potential of hydrogen to decarbonise our economy while
making it more competitive, building on the actions set out in this Communication.

KEY ACTIONS

An investment agenda for the EU

e Through the European Clean Hydrogen Alliance, develop an investment agenda to
stimulate the roll out of production and use of hydrogen and build a concrete pipeline of
projects (by end of 2020).

e Support strategic investments in clean hydrogen in the context of the Commission’s
recovery plan, in particular through the Strategic European Investment Window of
InvestEU (from 2021).
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Boosting demand for and scaling up production

Propose measures to facilitate the use of hydrogen and its derivatives in the transport
sector in the Commission’s upcoming Sustainable and Smart Mobility Strategy, and in
related policy initiatives (2020).

Explore additional support measures, including demand-side policies in end-use
sectors, for renewable hydrogen building on the existing provisions of Renewable Energy
Directive (by June 2021).

Work to introduce a common low-carbon threshold/standard for the promotion of
hydrogen production installations based on their full life-cycle GHG performance (by
June 2021).

Work to introduce a comprehensive terminology and European-wide criteria for the
certification of renewable and low-carbon hydrogen (by June 2021).

Develop a pilot scheme — preferably at EU level — for a Carbon Contracts for
Difference programme, in particular to support the production of low carbon and circular
steel, and basic chemicals.

Designing an enabling and supportive framework: support schemes, market rules and

infrastructure

Start the planning of hydrogen infrastructure, including in the Trans-European
Networks for Energy and Transport and the Ten-Year Network Development Plans
(TYNDPs) (2021) taking into account also the planning of a network of fuelling stations.
Accelerate the deployment of different refuelling infrastructure in the revision of the
Alternative Fuels Infrastructure Directive and the revision of the Regulation on the Trans-
European Transport Network (2021).

Design enabling market rules to the deployment of hydrogen, including removing
barriers for efficient hydrogen infrastructure development (e.g. via repurposing) and
ensure access to liquid markets for hydrogen producers and customers and the integrity of
the internal gas market, through the upcoming legislative reviews (e.g. review of the gas
legislation for competitive decarbonised gas markets (2021).

Promoting research and innovation in hydrogen technologies

Launch a 100 MW electrolyser and a Green Airports and Ports call for proposals as
part of the European Green Deal call under Horizon 2020 (Q3 2020).

Establish the proposed Clean Hydrogen Partnership, focusing on renewable hydrogen
production, storage, transport, distribution and key components for priority end-uses of
clean hydrogen at a competitive price (2021).

Steer the development of key pilot projects that support Hydrogen value chains, in
coordination with the SET Plan (from 2020 onwards).

Facilitate the demonstration of innovative hydrogen-based technologies through the
launch of calls for proposals under the ETS Innovation Fund (first call launched in July
2020).

22

— 161 —




Launch a call for pilot action on interregional innovation under cohesion policy on
Hydrogen Technologies in carbon-intensive regions (2020).

The international dimension

Strengthen EU leadership in international fora for technical standards, regulations
and definitions on hydrogen.

Develop the hydrogen mission within the next mandate of Mission Innovation (MI2).
Promote cooperation with Southern and Eastern Neighbourhood partners and Energy
Community countries, notably Ukraine on renewable electricity and hydrogen.

Set out a cooperation process on renewable hydrogen with the African Union in the
framework of the Africa-Europe Green Energy Initiative.

Develop a benchmark for euro denominated transactions by 2021.
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