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Source : NEFFR—LR— (240126 siryo02.pdf (cao.go.jp))
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REPower EU Plan®20304F 2,000/5 > (1@, /&iA) OBZECHU. A, 1bF., RERDEOEZEm HEMTER IO 1) Ml
QIS5 EHDDDHBE— 7. FIDICERRMHIEEN T, BEREND), IR/ = ﬁﬂﬁ@ﬁﬁﬁ A& F vy T REDIREREICLHMRUINOER,

ERM DIV -2 IKFEEERE D DR (~2040) HROIKRFEKFZDOE LM (2030-40)

268 Figure 4.1 Low-emission hydrogen trade by status and by carrier based on announced
238 projects, 2030-2040

30

(Mt/year)

Status
ONo FID, without potential off-taker

mNo FID, with potential off-taker
@FID, without potential off-taker
BFID, with potential off-taker

10 2%

2022 report

Carrier
oUnknown

15

Mt H, equivalent per year
1+
=]

mLOHC and methanol
oSynthetic hydrocarbons

10 .
DAmmonia

mCompressed hydrogen

2030 2040 2030 2040
By status By carrier oliquefied hydrogen

5.4 - .
| . B I I 2030 DRMAREEDREL
o e l I

2023 2024 2025 2026 2027 2028 2029 2030 2040 N/A Europe will need a significant amount of renewable hydrogen to become climate neutral, but

the demand by 2030 could be only a fifth of that foreseen in REPowerEU. By prioritising direct
electrification and reserving its use for no-regret applications, the EU would need only 116 TWh of
renewable hydrogen by 2030, compared to 666 TWh in REPowertU. This is more cost-effective,

. ) more realistic from a security of supply perspective and consistent with the hydrogen sub-targets in
L the new Renewable Energy Directive. The REPower€U target should thus be revised.

. Construction '. Preparatory stage . Feasibility study Concept

Power-to-hydrogen 3
. Construction '.' Preparatory stage . Feasibility study Concept

. ) , Source : IEA “Global Hydrogen Review 2023”
Source : Hydrogen Europe “Clean Hydrogen Monitor 2023 Agora Energiewende “Breaking free from fossil gas”
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IKBRZHNDIE M ZITI LT, [FREINDRIRE L [BIFKREDMA&E | [)\>hD V& 1 [O7E337 0210 MaFEE 1B
BERBENFEALEDREAFTEERUVIIN TORWRST (=551XD) LR THED. INSEREZFRU TUIKCENIERICER LD,

Step 1: Governments to unlock the chicken and egg

stalemate to accelerate the energy transition?

Supply Infrastructure
Production projects will want to The business case for infrastructure requires
sure  they safeguard  the significant scale and visibility on quanti
business case but what is a terminals and pipelines

realistic price offtakers are willing
to pay, and in what timeframe? infrastructure?
Government as accelerator

Folicy-makers have realised that
incentives  and  support  are
ecessary for market development

Demand

Step 3: Make it bankable - key structuring
considerations to obtain equity and debt

Green hydrogen specifies

Particularly for H2
project offtake is a
banks - e wh
H27? The offtak

should be forr
WC|| structured contra Llh it
a eable urt

Low-risk predictable cash flows

EEE Good visibility of volume and price

g‘( rm agree:
ot k pplyanao&mmnmm

Reputable parti

Risk allocation
o suranc

= s
— © Contracts are only valuable if they are enforceable

Source : Green Giraffe Advisory

Who takes responsibility for developin

Offtakers of green hydrogen wil

the right price for green
do that in the current non-transparent marke
And what volumes can be delivered when

s
%&‘ Credit-worthy companies in stable countries
g% arranties, i ;

Step 2: Reduce the gap in cost price

The cost of green hydrogen is higher than anticipated in 2021

Expected LCOH Actual LCOH Actual LCOH Cost of grey hydrogen
in 2021 in 2023 in 2023

Note: Visual for illustrative purposes - does not reflect actual numbers
Step 4: Project developers should

@ Design for PtX from the start
Plan for grid connection and storage needed, and consider optimal wind design layout for H2

First things first - Project economics / offtake
= Focus on the major challenges - then turn to secondary challenges build giga projects in phases

_'v Combine for synergies with other activities
Ability to win RE tenders with system integration requirements, or use hydrogen in own processes

m Cooperative approach with all stake holders
Old and new industries need to get together and dedicate time and effort to make it work
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WERECELRM (1FICARIR) (FBRANTVSN, e E=AOSFEIEL T BRSHRICINZ, BEAA T —h—/JTLZ7 L)IA7 -0
F1E. BFHOEWVIV-2IKZRIR, I74 T2 AT REE. EFEDSVEPCIY hIF7-EDEEK] ., RENEIFEN D,

Neom Green Hydrogen (H9%) H2 Green Steel (ARDUI—7>)
o MREASMBRILDI)->KZR/ T EZTEMF - #REE6SEI-O0)) - REEMSF (FGWHEIX)

234 (C1st round/24¢(L2nd roundD& < ifE
H)—>0-8BHFOTO> I NI4T >R 25(C2508 >/ 30FFTIC5005 b z2gk

Air Productsh*30FERINIY—-> 7 EZFDERRAD Mercedes-Benz, BMW, Scania, Kirchhoff
F—7. EPC%Zi85 AutomotiveZ DR ')‘IIQEJJE/ ﬁBqu h—mAD7-7

Customers include:

235F5HICFID, 265:(cCOD (4GWHEIX)

* Adient * Miele

- * BE Group * Mubea
Air Products Pre-sold green steel RIS IENICNZ + Purmo Group 2%
(thyssenkrupp) * BMW Group * Roba Metals Ea
—— « Electrolux + Scania (Flour, Thyssenkrupp)

_, e;" "T.-‘ HydrC’gen 1 5 mt * Kingspan + Schaeffler

r r— , * Klockner & Co * Welser
" * Lindab * Zekelman Industries
* Marcegaglia * ZF Group

* Mercedes-Benz

1 Power - t -
EE Nitrogen E I L Green Ammonia Ramp up to 5mt of green steel by 2030

o= ® 2026:
» Q2 2021: Ramp-up to full production of

ACWA Power
= Clased seriesi) 2.5‘mt hot and cold-rolled

) ) financin, g at €86m H1 2023: steel
Air Products ® Closing of full o 2026-2028:
financin, g Boden Expansion - ramp up to full
project €4+ bn 5mt capacity

(Haldor Topsoe)

Air Products
¢ Q22022: ® 2028:
Construction start 2025 Yearly production of
L4 5mt green steel

Source : Air Products “Carbon-Free Hydrogen : The Energy Source : MIDREX " H2 Green Steel Story — the Quest for Earth’s Sustainable
Source of the Future” Future ”
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Repower EUM2030FEN/KZFRE A BIHZEICLEU T, EUREROKREZOMRUEH, RAREEHTH RIVOKZEFTE(L. 2050F(CMEIFT
EKRITBRBELUTHIEDD., EOFEIRNIB (IS FVAICTOTEKREL,

B DEERIFIV—->VKFEEE (~2030) RAYDI)—->KREFEREL (2030-2050)

FIGURE 1.3
Cumulative announced consumption of clean hydrogen in industry by 2030 in Europe (Mt/year and # of projects) Figure 2.2 Green hydrogen demand in Germany: local production and imports, 2030-2050
TWh H,/a Mt H /a
8 300
758 900 853
7 800 - 28
250 NWS: 110 (BMU) - 690
, . 700 380 TWh (BDI)* - 20
600 505
g s o 500 - 400 423 15
@ b 400 - 363 10
£ & i - 150 '§ 300 - 280 284 262 [
2 . | = £ NWS: 90-110 TWh*
s | $ 200 - i
2 5 ] 90 99 5
£ X - 100 100 - 64 .. a5 65
|
z = EHB KNDE LFS-S LFS-H2 LFS- EHB KNDE LFS-S LFS-H2 LFS- EHB KNDE LFS-S LFS-H2 LFS-
) 50 PtG/PtL PtG/PtL (2045) PtG/PtL
1 —
amn s . 2030 2040 2050
0 — =] 0
2023 2024 2025 2026 2027 2028 2029 2030 N/A e Local production (H2) ® Imports (H2) Imports (derivatives) National Hydrogen Strategy (NWS)
. . . c , Projections: NWS: National Hydrogen Strategy, EHB: European Hydrogen Backbone, KNDE: Climate-Neutral Germany 2045,
(s e () EE e O ) GEEhEey LFS: Langfristszenarien (-S: electricity scenario, -H2: hydrogen scenario, -PtG/PtL: power-to-liquid/power-to-gas scenario).
TR * Includes both hydrogen and PtG/PtL demand.
Source : Hydrogen Europe “Clean Hydrogen Monitor 2023” Source : Guide House “Converting Germany’s green hydrogen demand”
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“HERENEIDANERME" . “HEIE 7 I ADE# LS, "SE /B LM AR DMMIgE" . “EH R PEAEHER"RENERL . 245
RKEFTICFEUTCWIKRRERZFDSB4GW D HEABIUICRZREF LEEDICHD. HD. AT —IHNRWVWEFHNZ ORI,

EXM DK FERISEE D DRILELEB (~2030) BRI DK FEELE RIS - AT —Y X (~2030)
160
A
%0 (GWeI)
90 85.1 900
L 3 80 800
- - 70 700
g 100 P 60 49.6 600
o & 50 500
80 40 32.4 400
3 30 20.7 300
i 20 9.2 E 200
10 0.5 2.4 100
40 ~ 0 — 0
2023 2024 2025 2026 2027 2028 2029 2030
20 ~ : . Construction . Preparatory stage . Feasibility study
o
e O 4 9 24 =4 i
. Zel23 I Sl n " m n I Concept # projects
2023 2024 2025 2026 2027 2028 2029 2030
@ 202 2021 @ 2022 2023 Source : Hydrogen Europe “Clean Hydrogen Monitor 2023”

Source : Hydrogen Europe “Clean Hydrogen Monitor 2023”
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JU=2KERDEBANEEHT D, T — 7J<§?’ci$ﬂi&b7lﬁ}‘§?7]<$®%)\ﬁ$§ 1TAAICHII DB RIREIRARE L THR{E I 75 AT, SREN
IIVII—THNZ . EURNTRAY, #3245 NLF— TIX—IENEAZHEEL TOWDIH BERSZIR (3T —VKERICARTER D RIBL

. - £l S2 4a) s .. .
B EE DY) —-KFTEREREND (~2030) CCUSODIE A (CVE expert vision scenario 2050)
3.5 160
3.2
20 @ 140 A00 A
320’ 300 A
25 Capture
200 +
— 100 Bio/CCU fuel combustion
E ) End-of-
o) 2.0 100 ~ pipe i S
£ o
= [MtCO,] o
15 E
! 60 100 -
ZH9ES | chemicals
10 o 8 (43) 200 :
na 40 :
Buildings materials :
0.5 300 A Storage |CCS
0.5 20 -320 ’ :
-400 i
o n . 2000 2010 2020 2030 2040 2050
Years
[Years) H
Power-to-hydrogen: o # of PtH projects .
. Construction . Preparatory stage . Feasibility study Concept Source : CO2 Value Europe j}ll_7k§
Reforming with carbon capture: o # of RwCC projects (E&E + CCS)
. Construction . Preparatory stage . Feasibility study Concept

Source : Hydrogen Europe “Clean Hydrogen Monitor 2023”
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B (CHARSA THROBDSIERINC U T4 UCE AN TER DS FUA, £, ZOEOFUADHD. BRI SHIENIEN DDA

BRMDKFBWATOIIIN/ K151 1588 RAYANDKIFEEADRIEL

(BN OR—> (IN1°51 > )iE48) )
[BRMICH T BKTBWMATOSIIN P — Net imports by country!

TWh, final energy consumption
A Storage sites 240
np nais {

A Hydrogen islands 220

Backbone pipeline types: 200

? 180

160

140

120

100 88 2, r-
80 69 =
60 |
40 37 36

Export countey

20
2030 2035 2040 2045 2050

Ratio of H, imports to total H, consumption
o

°
«

I onk I FRA ITA NOR POL International Shipping L ! Hy-derivatives

 OBMICBITZARMATOSIVb : 6.6Mt (2030)

| (X5BR{Y +A52HT5.4M)

OTEHHABES |
| RAY : A—ZNSUP. HFY. FU, R, FIET. NI, ASVY., KE |
AT A=ZARINT, T3, AR/ >, UAE, UK |

1) Hy-derivatives are not disaggregated by country of origin.

Source : NEDO “BRINCH I 7K Z=EHEEIB)(CDONT” Source : Aurora Energy Research “German Hydrogen Landscape
(based on 2023 analysis)”
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EU Major Trade Ties

Both the US an.d China are the EU’s most importa_nt Between 2020 and 2023, the number of
trade partners in terms of total trade volume. While announced hydrogen projects in the MENA

MENA Hydrogen Projects European Hydrogen Infrastructure Challenges

The European Commission has acknowledged the role of hydrogen in decarbonizing
the EU and reducing its dependency on imported fossil fuels. Green hydrogen is both
technologically feasible and cost effective. However, establishing a resilient hydrogen

i e ' . . : region has increased drastically. The vast i i

Chhlna is the EU’s main source okf |mfpor';]s, tEhS USis majority are green hydrogen projects, with infrastructure is key.

the most important export market for the EU. ‘:strgdfixr;eh‘é:ag?gbalgﬁ:¥ﬁ£ohgr1elErI|VgAe:eeg-ion Pipelines Current EU hydrogen infrastructure strategies have

However, the MENA states also have significant Egypt s the frontrunner, with 1 green - Eepurposed mostlly reyo\vehd alrgt;nd creating intra-European n_etwc_>rlﬁs.
B o oborational and 23 more ew EU planning should focus more on interconnectivity wit

weight in extra-EU trade (12.1%) with exports and ydrogen plant ope — Subsea the MENA region, in order to establish a comprehensive

b | announced. Egypt is followed by Oman = Import/Export hydrogen value chain.
imports being nearly even. (12), the UAE (10), and Morocco (9).

@ Gas-import-terminal

The main challenge for both the MENA )
@ Offshore production

region and the EU is continued financial
support and development of said projects
in order to make them operational.

Potentials for renewable energy production

in the MENA region, thereby, have to be

used in a way that balances EU green
USA hydrogen import needs and the local

reen energy demands. Operational
Other e v Framework NIA A d
57 00/0 Agreement 2 nnounce
Feasibil
Sty
71 oo R . 32
espective
; Green Hydrogen project
China status

projects announced
or operational °

Blue Hydrogen
projects

MoU

Note: Numbers refer to projects in development as of September 2023

Source : Bertelsmann Stiftung “MENA_Mapping EU’s Near Shore”
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JV)=2KERELEIANIOWVWT, 22FFRILLEERU T23FFETE BIX IR LR EFAEERIANMEN, £F_EF2ENERL
30-65%_EFUTHED. 4H30B(CRRSNIZEHBA—I> 3 #ER T BUNOBIRKERIANMEGELTS.8 - 13.5 EUR/kgEDiFER,

Global hydrogen production cost, 2023 S/kg KEELHSIAPM (20234F)
Electrolyzer cost, 2023 = 100%

\ Ll Source : Hydrogen Council “Global Hydrogen Developments”

+30_65% ipcrea.se in LCOH driven by CapEx,

financing and renewables costs

\

2 . 5-4 cost target by 2030

Renewable H,

Average levelized cost of renewable hydrogen by country* (EUR/kg)

EHB/X1OYMA—-733 R (20244F) 150 1350 1289 1258 41139 . 162

1060 11.00 3
100 ; 847 757 9.80 877 7 61

Source : European Commission “Results of the pilot _ 530 553 5.80

auction for Renewable Hydrogen”
O & @ O @ & 2 &
g ¢ F F N S & &
< o 2 < & «
> e\

00
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I\ AOYbA—=D23> (€720mn) (CHU 7RAMNEESN, Fil15.877 b OKRNEBISNSTELRDN, IWEDMMiE = IHERTE
NDEZE . EABRICH I TFERERE, BRBOZESD(CIOITHED., FREATONDTEDSE2[E] (€2.2bn) (CMIFTEFEH.

EHBIXA/OYMA—=I33>0&EEIOSIIM

- 1) /KRR

Electrolyser

tiyr capacity MW

20

60

200

35

117

500

500

Bid price
EUR/kg

0.38

0.39

0.48

0.48

0.48

0.48

Requested
funding
mn EUR

246

842

8.1

2305

24532

SN LA : EHB)/\A/OYMA—I>3>

Target products/
sectors

E-methane

Replacing ‘grey’
hydrogen at the
Sines refinery

Hydrogen for
industry and mohbility

100,000 tiyr of
ammaonia for exports

Ammoniafertiliser
production and grid
connection

Ammania for exports
and maritime
transport; H2 for grid
injections

Additional info

Construction to start this year,
production expected by 2027;
company has secured EUR230mn loan
from European Investment Bank

Support is for the second phase of the
project; first phase with 100MW capacity
has already taken FID and started
construction

Construction due to start this year;
production to commence by end of
2025; will use solar power

EnBW has exclusive offtake
rights and a 10pc stake;
plant will use wind and hydropower

Fertiberia could use the output for
fertiliser production; commissioning
targeted for late 2027

Could be scaled up to 1GW electrolysis
capacity at a later stage

Expected offtake price was €5.67/kg for industrial buyers and €8.34/kg for mobility customers

Calculated renewable H2 production costs in Spain at around €5.40/kg, production costs in
Portugal, Norway and Finland would be considerably higher than in Spain

........ - H2
........ Project output
----- Project Coordinator Location
Overview of bids submitted to European Hydrogen Bank pilot auction
----------- Production Electrolyser X § X
Country ...t Number of bids capacity bid for in t/yr capacity bid for in MW eNRG Lahri Nordic Ren-Gas Finland 12,200
45 279,900 2913
Germany 20 101,000 1007 El Alamillo H2 Benbros Energy Spain 6,500
Norway 14 74,100 505
Portugal 7 98,700 a2 Grey2Green-ll  Petrogal (part of Galp) Portugal 21,600
Netherlands 7 50400 770
Denmark "*+., 5 70,500 585
e e 5 33200 278 Hysencia Angus/DH2 Spain 1,700
France .'"~.-., 5 13,200 125
= e 3 18,800 156
S, Skiga Fuella Norway 16,900
Belgium e, 16,500 170
Sweden 2 Tee.,. 22300 145
T, Renato PtX (consortium
Greece 2 '6-,509... &5 Catalina aof CIP, Enagas, Naturgy, Spain 48,000
Italy 2 2600 e, 20 Vestas and Fertiberia)
Poland 2 1300 10
Sty Madoqua Power2x
Estonia and Bulgaria* 2 7600 : i
stonia and Bulgaria ... MP2X {consertium of P, Portugal 51,100
e, Madoqua Renewables
130 e, and Power2X)
L]
L]
Source : Hydrogen Council “Global Hydrogen Developments” « There could still be a substantial “

green premium” that off-takers would have to pay

............. European Hydrogen Bank pilot auction winners
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JU=2KZROZAFAMARE, BLIF— (FEZE) (CLoTERRPIRNTHD. FIZE BIFET (REDIIN) OMHIIRERDAML
FEZRE FIROKRIANMIMAARH CLBIRFILTACED RAFFEMMBIPREFV\WEII-ERDIFE. (RFITAIRETIRETH)

RMYIEBHBIU-VKROBARSEME ~——\  EFVESFEREE0IU-VKROBAHEMIE
(2030) green hydrogen and (2030)

replacing this grey
hydrogen, not only |
will avoid [paying] the
tax of $100 per tonne, | Exhibit 4: Dutch ammonia players’ willingness to pay for green hydrogen in 2030
but on top of it, in fact
| have a double credit,

German green hydrogen offtakers’ willingness to pay in 2030
€/kg H, (base case)

so the crediting Domestic production Domestic production Import of green and
system allows me under RED Il quota outside RED Il quota blue ammonia
potentially to pay
B Awiviobia probably €7-8/kg, and Level of RED IIl penalty (Part of) EU production
0 Nicthanel to initiate the market, €6.9/kg __ (here €450/t CO,) sets under RED Il quota faces
Ml oethano \ / upper WTP boundary risk of displacement by
430 ktpa H, (~ 4 GW electrolyzers?) W Steel e
o— demand poten;ual above €6/k_g Hs Reﬁneqes S — Cost of blue H, sets /
thereof ~ 60% from refineries M Industrial heat RED III lower WTP boundary €4.5/kg
[l Power generation penalty
Aviation
Shipping €2.8/kg
ATR + CCS
full cost*
0 Structural H, demand Logistics
5 10 15 potential
Mtpa Steam methane Steam methane “Domestic blue Green H, from Blue H, from the
reforming reforming H,"(ATR + CCS) Saudi Arabia United States

a. Assuming 65% electrolyzer efficiency (LHV) and 5,000 full load hours

5 a. CAPEX, OPEX, natural gas, and CO_ costs for steam methane reforming, ATR, and CCS, respectivel
Source: BCG analysis " " £as, f g ATR, , resp! y

Source: BCG analysis

Source : BCG “Turning the European Green Hydrogen Dream into Reality”
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IKFRDEZESTREL TKZRIRTT. H2 Global REDA -3 HIE(CLDSBENE AN SN KFEEAST-TYNCLEU THIRAD T EARIR
(Innovation fund: €6.5 billion) MR SEDILTT. £fe. EVIEIMNS OB A (XTI REUNNEEE 1SS NEBATFIC LD ZIR R EHIRET .

HEDKFMEESZIRGIE DU—>KFBEET N—KFRICHT H3Z4E

ERZEBIED ..y e e | ERRBIBESH JU—YKBAOZENPLTHID . BIRBCBHERETRBD
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ﬂ\ﬁ!ifﬁ ¢ ﬁg;ggﬁg) RBHEBRB CRREOEETEES
B |75z KENT 7 DAEE . i’i‘ﬁﬁ gﬂﬂﬁiu ;l;rj]d/arg)// k> EU « BRMKSREMTINAOYPA-D33> : TIEMREBIMEROKET DAL
—————| EIRAKEESCHU. < 20365FELLE, AR NYIIEFIDH OU_\/7J<;=E|‘¢ (RFNBO) @ﬁjﬂt/‘lq }\(:BE}:EO
i e — it o cucime B WTALF) « AIR=33Y-TFYR : BINKERIITCESEHELTVBMIR-33> - TP R
[EZ%8 (CfD) E— DRI — L(FFREIENSHD, CCSICCUPT IV —ETEIASEEU-ETSHHSR
N2 E—RARE ;:vﬁf;fmsﬁzm¥m BLE (EHEFAR) UK-ETS. (GBS, OREELLTH) £ 255034 IO 1Y I\’a“:ijﬁo B _
S | mmaassE il it TIRNE-E I TKREERSRT (BEh) + Hydrogen Europe®Rf# : [FRHIC(E. BRMNKZRIBITIEFRFNBOL KR ZRK
T — ROMEEENRETRELEN, ERFKROEENE 62 ENERFNBO
messedem—m-sssosmenesteseserossdeesserenesssneaeeeeenes s o s e s ABICPREUZEIHEL]
KRR T0EC 8 R ETS (RAEIED AU EOmRIE o Ry = 1— NS EEEE R OB =
- KR ERADREE R, TOEREERTIRIS, (#1,250(8F) 20268~ 20344 (- EBEHOBELL e RAWY o ASEE([CH—IN>Z1— I ZBEIET RAVIE. 24828 (I CO28TE A | DEUER%
o) gDy 2023E B b U | sy AR FERU. CCSOCCUERNE T ZEBHIEN . R YIAF(ER R SR CO R E
e e | (2030%42%, 20355860%)__ ENBHeROICKIE (BHDEEISHEIRI)
Ha%g !gélgg&!; ELMAREUEDIHOTOTTIH %Jllﬂ”;!ﬁfglgf—méltmﬁam ! EEW?JU).2_038$§;E DEBEBYBE L
(#5,4008F) EMEERA RE o HBAF(EI0EETICIOGWHRIRFRKZEEE (S EKEBENFI—>K
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- KEFZOIr—>3>39YKR1 (HAR1) : 23F12B(GEFESNL11TO0DTINEY
g e e AT KFEISIE (20224127) = /KREEICRESNN, RETEthOT0I S L0%ELTIIN—KETOD 1)
‘&.@ pefose- TR R MR LRRESER - :iigg%ﬁ;%ﬁﬁﬁ MEZIEXISREL TS (il : CCUS Cluster Sequencing Process. Net Zero
g Hydrogen Fund. Net Zero Innovation Portfolio)
Source : FRBEFEAEBRITINF—FTR—LR— (055_004.pdf (meti.go.jp)) Source : EIEIBIRLDTAREAL THVER

N
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i7ofze  (23/11/6)
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[H2Med |1 ZH#EE T 2126,
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H51EFEI—-0v/NIC20304F
MSEERI20075 b DKSR
HmitzB#Ed.
(23/10/19)

Porto

ooooo

(23/5/9)

R IR RO IRIVF—KEN, FEKERIUR-
DIEFHDZIBERIAL. FASNAM, IR

TAG/GCA. HBayementsh' AL THE
L. BIFh32030 2 mEEZBEY .

©

+.l JNZT. Baltic Sea
= Hydrogen

J4>5> RGasgridiE 6

E J1>3VR A7
> RAYERSESRREE FDIKER
I\ T34 >%2030555H
[CAFTIO> Ty MR,
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FUSvDESFAIL, FUS v
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1TS54 5@ (1062
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Source : European Hydrogen Backbone
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S
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& A T -
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M, Stattnetz 2030

0y,
2y,
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Source : FNB Gas
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IKER) AT A > OFER(E. EHOFFERAIEVS(CHRI RN DETEIE FAS11E UL EMD B RELY BARHRICHITBIKEEIUNURY. B
s H )\ AT 54 > DERRICHE T DKRADFAEXI [EPOH TR OEE L TERE . NS ENHEERD SHFTEIEDISEFBVRIHD,

KFBENRATSAODREATS 1),/ EENUR BIEHRANAT 5S4 DRIE- B

Implementing a hydrogen transmission project takes 7 years (EE#}(47054>®*E1§)

Action
Needed L e "
Now FID Commissioning Table 1. Existing pipeline standards
: & within scope H, material requirements defined
2023 — 2024 2025 2026 2027 2028 2029 —» 2030 ASME B31.12 s 4
Pre- Feasibility/ Contracting (@ t ti IGEM/TD/1 + Supplement 2 v v
Feasibility Pre-FEED workforce onsiruesion DVGW G 409 v v
Contracting * Detailed engineering PD8010-1 v X
of '?':?“':ﬂd . Procuremen'f of short lead items DNV-ST-F101 v X
= Subcontracting
EN 14141 N4 X
= Assessing « Engagement with investors NEN 3650/1 o X
potentials over « Tariff system devel t
time o sy? = secopliel Time required for internal AS/NZS 2885.1 X X
« Alignment with z(Coniaching of fransport validation of results, defining ASMEB31.8 X X
safsholdars capacities scope of the next phase, and :
contracting takes 3-6 months CSAZ652:19 X X
EN 1594 X X

(1751 & DY DRRE) . s
Market ramj hase Start mature market phase Steady mature market phase (bz,’%ﬁo)gﬁ)

Tariff drops below maximum early Table 3. Case study conversion scenarios
market willingnessto-pay.

As network utilization increases, network

dascription [natural gas to h ] Jesign code Energy ratio

operators are able fo lower tariffs while " "
2 iy 5 Stabl . . No pressure de-ratin .
o | o—
Network is operating at steady . De-rated for hydrogen service
I hall capacity (decreasing slight only De-rating - ASME B31.12 - Option A 55%
amriu; - miswplmm challenge due to asset depreciation) 40 mfs velocity Limit
External support i required fo Velocity limit De-rated for hydrogen service ‘ASME B31.12 - Option A ‘ 0%

bridge gap between willingness- 20m/s velocity limit

to-pay and allowable tariff
revenue.

Capacity
booking of
the network X

Years

Source : European Hydrogen Backbone (Left)
Hydrogen Tech World (Right)

Tariff required by network operators Maximum early market network Investment recovery

to recoup tofal investments user willingnessio-pay challenge

N
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B IFRNF RS LUK R C 2 BESE TV ETEEEREEIZRITI LD, EU(F, BUNEEHBE FERE TISRE. R
VI (S5 e R BER \TEE U TRESE TUKEY . BEZRREUVTKRBAYDFE LENORREZERU VKT IE,

RRMEZHEEE (246618 x BMNESRE

« BB BBECBVTEERGEZRIL. ERZIRML. WHES. IRIF R, kR ZIeET L85,

« BINGESEESE. EUDEEBICHIIMHEDRZENZHIRINETHHEIREL. BINEZESLEURERBIF (L. FEZFUHETDIE
EUEEIDEB LA TISADRES. SHEPIRIBADRZE(CEE I 3R VFH I R RCEE T 5LI3KDD.

« EUBEDFRFNICHIHSESTAIRY, K, ETSOHEH ] fE0iE _ LARHIRE I SEURRIOE R ZEREEL LT DA LD I>TF
EHBEZEENDIFEUEBNADIZIT, REZFEZ,

« EUBERIOBRNZIEEL, BNEEY ZY MOBMEZ SKDDELD(C, 24FERETICENEBEIEZIRR I DL OMMNZERICEER.

R YEEEES (2493H)

- RAYEUE (. BEEEZFFG IR/ \ DBV TRRE (IRVF -8, ffaPEEOSURTRIL, E-YILSTR) SR LESH

- BBORHOIRER) \ ISR, EREE (45FECZHL) RN -ERRBERR (IMO. RED, FuelEU Maritime, ETS, AFIR
RE) OMmACLTENMD,

o REIRIGKFEMALF FRDORFEZER (H2EIR : 30FXTIC130TWh, 3F LES : 30X T(C30GW)

« HAFEND/\JELTO®EENR, "2 2yTE s — IRINF—HHEE . IRIF—FIREZST . E(CBIHFOARRICE DV TEBRAI N Rz
LD RE

Source : ZAEIBHREIDTAEIL THVERL ‘\@’CHIYUDA 39
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(FFEE RA Y& (ZODRPERRIMNADY T4 F1— > OBERH. NIF—(FT7>ONI=T - T —2 1338 %R DK ZR/\ T ELLEIT TS,

ALFEERIM D EFEICH I SKEADHERDFH

¢+ Port of
++ Amsterdam
o BRMOTU—>7KIRNTELT, KRODBA | B, —n
TEZIE SRS Port of Hamburg
* LOHCEFvUFEUII Y- KRMAISY 27 s .« RAYBLUBRMADKRIANTEL THIB D
H2ARNT, BHLKRIOS T Mot (attlc . B KA. FIF. HT5{F1— 0
£ Port of R ) I e DGR, SEBDOOSRT 4 IR RO 25|
waer Roiterdam - BERERAEBKERLERIEU VI )
. BETERTILE-OU-FIBELT, F It U=2KFNT (HGHH) JOV17h BE
PR DK FREA/ \ T BT e RO
« BIRKRIATAD KREE KR/ TVEZ — Say
FEMATOSTI, CCS. S AT E—RARE O e NG PORTOF _
« BRINPRL KON, TTUR, BREE, SN, AKSRERL o) S
(CBIIBMOUZHRRHE. HEiBHIRI 0~/ VLER / I . ' et e 10t
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e ‘ ‘ / TRIF—/\J| BFKFE, KR/ 7E-THMATO
- NLF2KEMEERALTON-T IS8/ 217 hOBIFENETH
FE (20224F48) /

o HU—STIRINE-NTELT, KA, KR, [/
INATSA> /H—ZF ). CCSA>ITRERE R

. BMNSRAOT M (LEI5RI— 15, RAVEERL
SR A ORREEREE S CElE

Source : BIEIBEHRLDFAHIE THERK QWWehyona 40
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IKFRZ B L#NIX T D ETKRFrUTHIEERDN CCSHIELNG/NG (Blue H2)  P2EZT (NH3) OEEFA. XFIL>I0N+H>
(McH) A\ IRBFRAICHITDIRERRERDN FERBCF, POEZT DR, BAKE (LH2) EEFEIESNHEEFIKTENERTF.

-----------

ccs
.'& P (R LLLLLLL .
e Gray/ Power  Shi
Natural LNG SMR /‘ P
Gas NG Pyrolysis Blue Industry Mobility
Turquoise
CCS/EOR ER— . Blue NH3 (Power) Ship
- Industry
P Green NH3
H- s . Bl ; .
ﬁ E S ammmmnm »: DHG : ............ l'-I ? ------------ ’E Power Shlp
........... > :........................... E Industry MObIllty
. . Green E

-------------------------------------------

Fi
ﬁﬂ Bl
Electro ‘ DHG ue Power Ship
lyzer Industry Mobility
Green

“ Blue [ . ]
Power Ship

Renewable
Energy
[Note]

DHG : dehydrogenation
VAP :vaporizer

\ 2 4

\ A 4

VAP - Industry Mobility
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NORRETO—IREL T, IKZRFVUTOLEE DR TOS 10 M

AS52H :

KFEFTU7LEBRD AT IO IV b

Hz

— waterstofdrager

..............
IIn scope voor wat

| betrefttotaal effect

| bij aankomstin

! Nederland

NH3, [H2, ING,
methanol, LOHC's,

1
1
1
1
1
1
1
1
1
1
]
1
1
1
1
1
1
1
1
! boarhydride, efc.

In scope voor wat
betreft effect
energie-efficiéntie,

W

> COg-emissies,
EL— = 1 mogelik
I BB I | stikstofemissies

SARARRAS |
i
i
| Focus scope: binnenlandse ketens waterstofdragers :
1 i
i
H . i
| i i Eindgebruik/export waterstof -
| v "
| |||| 1 & EindgebrukH2, |
| Conversie (H2-backbone-BRB) _ ml msrhamolNiv:

1
=i [
i i 2 conversie !
HE— [ © | _ Einddebruik/ |
E | o NE | expollt waterstaf !
s e o —
| e 1 o
i Cp- en averslag Conversie |
| I Eindgebruik/export waterstofdrager i
i >

.
Veiligheide- ,

Betrouwbaar «-
rraden

Economisch krachtig

@ Betaalbaarheid
on

jes gedurende ranspor

TrU7LEEICHII D EAE
o (MABLAZAEE
o EHMLLZEM
o FifrolEEtE
o NEMHEESHNEY
o ZERLIRIR

RRE

Source : Extracts from preliminary results, researched by Stratelligence (under the
direction of the Dutch Ministry of Economic Affairs and Climate policy)
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A : RIBEE#KIEHIX

XD 51 T V)V

CO supply;

pipeline |
transport

(T studyscope” " T T T T T T T T T T T Eege T T T T T T ES oo
ipeli H2 supply ) !
u

G'_::pg&" Separate ICV

Finite data collection
Data collection being finalized: one or 2 points still to be clarified
% Data collection in progress.

GH2 TOL «old»

30 bar
15°C

—’I F’ Hydrogenation

in country from
origin

—

Storage in
country
from origin

—_—
TOL enew»

TOL + 3H2 & MCH

1
I el
I
1
I
! I
1 Conversion A N80
| H2->GN 80 Pipeline conversion H2 supply !
1 bar transport bar>H2 UF 1
1
| Conversion Storage Storage Conversion
Sea freight 9 1
! { H23Leha Lena eatrels Lena Leys SH2 Hz supply el
1
. Hydrogen i iqui i I
Production | | lydrog Conversion Liquid H2 . Liquid H2 Conversion
oitiz [T pipeline H2(g)sH2(D) storage Sea freight storage H2()>H2(g) !
X transport ue |l
Checkfor Ha leaks
| H2cooingout P"T_ﬂsz'“" Separate ICV !
| compressors
1 Conversion LOHC Sea frelght LOHC Conversion m
1 H2->LOHC storage 9 storage LOHC>H2 F
1
| Conversion Storage Sea frelght Storage Conversion | ‘enfied |
) H2->MeOH MeOH eairelg MeOH MeOH->H2 el
l
1 MeOH
" S Separate ICV :
1
Conversion Storage . Storage Conversion 1
! { H2>NH3M [ 7] NH3W ¥ Seafreight H NH3() NH3(->H2 H2 supply 1
1 uF
1
1

NH3 supply Separate ICV

TOL (full at 82%)

TOL
+MCH (1,78% from
oneway)

Dehydrogenation
in France

—
GH2

Storage

Sea freight Erance

MCH (full at 100%)

MCH

TOL

MCH = TOL + 3H2

Source : S3d, EVEA and ADEME “LCA of long distance hydrogen transport”
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BIKFRASIZOYTSAFI—IANI, EEEEDOS, s, Kbl (5. $KilkE) BECIOTHERDY. ARFEAPI1- AT —2%
EEF XA, T/, BAtBFEOERINRZ TR RGN R T7Y T — MEE,

IKFREHRIA MY (EnXiERE - =) KEF=FYV7CLBHKFEZXTIA S (2030-50)

FIGURE 0.2. Transport cost breakdown by carrier and stage for 2030 (left) and evolution

FIGURE 1.1. Hydrogen transport cost based on distance and volume towards 2050 (right)
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Source : IRENA “Global Hydrogen Trade to Meet the 1.5°C Climate Goal”
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FRMNE=(E RFNBO GEAEYNCIRBAERIRERR : JU—-2K3R/KER-RR) HMBIRENIDEESINTOSILZHERI DILE
B J)-2KRODERDLV 1TV TOGHGEHEEDEE A2 RI BEET 2T (23F78)

ENTE

BFfEIRY
FEEME

HOIRE
FHEME

5TE

HEH
1Z2BR

RFNBO®EE (REDII “RFNBO)

o JU—2IKSRAEDIHICIBINM (CERE SN eSS CRESNICBIRRBMN (KREEMOHRE

D367 LR (CE@RMInUtitER) MSOBHHIEERFHIL

« BU. 27F12ARFTIOKREEZRIRULSZEE. TO@EAN38FETTRER

- KERLEEMREBIRFESMEN E—01EMUACITONSL
« {BU. 29F12AKFTE. A—OINBLURACEEENIZETERHSND

o« IKRAEMEBIRFEENMEN B—HdW\MEEISERENIEN ALY —UIAIELTVSIL
- BARFENBOEBNZFATHEE. BIECEIRMUEBLEERN0%IA ECO2HEHRE(IH'18 g-

CO2/MIAF (RUI—F>, I52R) OAMKIBICEMENREINTNDIL

« BAENSOESVINL. RRHEBNORREXCEEIIHILEECER
- {baARL (94 gCO2/MI) LEEERULT. GHGHIEEN'70% U L THBHIE

» CCS[ECO2MEARICETEIENSEZE AN GG
« CCUIDDWTIL, [FEEPREXREDESEE) (35FFXT. BRBUINI4LEFT) | [DAC]. [FF5HIEER
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© Chiyoda Corporation 2024, All Rights Reserved.

Source : ZAEIBHREIDTAEIL THVERL ‘\@?CHIYODA 44



12758 (FRIg-B4) - 2) CIE%-3R3E

FRCHITRZREE () B BMEEBIRIES (REDII) . 5TE RS JORNIVEIPHEZEEE(C, NNEBEOSZBATIRET 2D
THD, WATUT. SNSOERE - Z#E4L (1S, FHBEAIY)Z-RE) BLUERBIOERZREIDENTEEMN (EDHSN TS,

EU DOFMBIS LV S CI RHE (Z#FH-BHE)
Title Threshold
EU Taxonom 3.0 tCOZe/t Hydrogen :*Bench Mark = 94 gCO2e/MJ 1y
\ Secondary Leglslatlon Delegated Acts y Bench Mark = 80 gCO2e/MJ .y
Regulatlon . .
EU law Nl E:EB :B additionality] RED Il RFNBOs; 70% saving from fossil fuels (RED 11)*
Dedision (equal to 3.4 tCO2e/t Hydrogen)
Recommendation Priority ‘
Opinion CertifHy RFNBO EU Voluntary Scheme (Same as RFNBO) ;
_______________________________________________________ (equal to 3.4 tCO2e/t Hydrogen)
Developed Sta"dard Lol fHG Fandnes \ CMS 70 GreenHydrogen; 70% saving from fossil fuels (RED I1)*
""""""""""""""""""""""""""""""""" TOV SUD (GER) (equal to 3.4 tCO2e/t Hydrogen)
Developing standard/ IPHE, CertifHy *2\ Low GreenHydrogen+ (electrolysis); 70% saving from fossil
*1 IPHE refers I1SO for formulation of his Hydrogen focusing framework. fuels (for Steam/heating or COOIing)* *

*2 GHG threshold provided by CertifHy essentially follows that of presented by Delegated Acts.

(equal to 2.9 tCO2e/t Hydrogen)

IPHE “"GHGHIHEZEHBDEODI AT LB /1ER "

17'] . 7>:E:765ﬁ (7k§/§§) Oxygen Steam IEIecT ctyl—b[Fate tial CCS ] :r::sion?HG y mj . LOHCHani
Toluene/DBT
. F----- . BTN .
" ! Alr N, ! -LOHC I 1
_r' separation I iingas L |— :‘:‘:;’SS“C" |—> cooling | ——> [Ammonia - : ] :
(e |— l | ey | Lo |~ povemsen | L Source :
: : &) | I | IPHE “Methodology for
[vrmen ] ————— | osiwno | : : Determining the GHG
e s I : [ emissions associated with
| ! the production of hydrogen”
-Fuel

N
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AIEREUEL. EREITOKERA > ISDE Bz fetE 9 31cs. KRR DFHEFZ/EML TL<T51t)
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CIARSI A OIL AR BT gett e m g (EFRTA—S A TORAIRAE, MR, ERCBET D) -F—>vTE585R)

¢ IKERBHEA SISOV TRT— LI —E B TIREIL . BHEOH 2 A1 > TS5 Z DK ERAHEADFI T4
PHCDUVT, BRI A

. B, B HADAS TS REYCEES T S IDEHEREEL. STECESTE, M OPMAHER ML TIRILE—
SEICEAURBRE

o KRERICAEIT, T2 2RI DD, KFRERCHID, BRMNEZEEFRARA A RS/ PEECEDINT. Y
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BRI DIKZEBRRIZOEIE : BUREIR
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