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Hydrogen Economic Security and Offshore
Wind-to-Hydrogen: A Transnational Comparison

and Regulatory Design for Taiwan

Shih-Ching Lin

Abstract

As offshore wind expands, the key bottleneck of the energy transition is shifting from
generation capacity to system absorption and transmission. Offshore wind-to-hydrogen has thus
become a governance issue linking energy security, industrial decarbonization, and infrastructure
resilience. This study develops the concept of hydrogen economic security and applies a
comparative framework based on policy purpose, system configuration, and institutional maturity
to examine eight countries: Germany, the Netherlands, the United Kingdom, Denmark, France,
Australia, China, and Vietnam. The findings show that national differences are shaped less by
technology itself than by how offshore wind-to-hydrogen is positioned: as a tool for industrial
decarbonization and system integration, an export-oriented energy commodity, or a vehicle for
demonstration and institution-building. These pathways can be grouped into three types: the
North Sea model, the energy hub model, and the catch-up model. Taiwan is best understood as a
system-absorption-oriented subtype within the catch-up model. Policy priorities should therefore
focus on demonstration governance, process safety, port and storage regulation, certification, and
third-party verification, following a staged sequence of demonstration first, certification next, and

infrastructure later.

Keywords: hydrogen economic security, offshore wind-to-hydrogen, process safety governance,

port governance, critical national infrastructure resilience
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IPERE T o B EKJEBE 157 & ( Global Wind Energy Council, GWEC ) #&{fi Global Wind
Report 2025 T B EEAT A E R BRAERR - & 2030 S EAEREIRIRIRATR <
FWRAEETRD - BRI E - FF B PO EN - B
AR 18 R B I EEKFE (GWEC, 2025) -« fEILIEIL T » 25 5 E B M B RS
MR - BRI A FE T [ R I - o B S I G AR R 2R ~ DR HERR B
FERA ETFEFIRE © 2L TR o B AR T R ] R AF ~ T Z RE TR B A0
M - AU BT AIRTEIE - 12 [ 502 I S B A ) 18 P R ) B S BOR
TH-
HE 7 & BB B BURER B T 0 5 AL 7R PR di s - T SURE I 28 (World
Council) ¥f#5EI ERERIMS < LIS - ZHERC K EREWATIEL E ~ &
SEHERY ~ JLEEER M « ARMERERE B PR S MR R AR - IR R B P b
i - Calado Bl Castro (2021) 7 Hi A RV EE B i B Ty o] HEHAHBE AR
SRR RCRRBEAIRFERGE - #5 L - BIRRERECER » MELRNY
Ik BRI TT  EAER H ] REEAS B RE IR A IR ~ Wi~ TSRS RIERIEEE T
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LA SR ARAE ~ MmN E SRS R X - KT R FE S n] RERIRF BN RE IR H &
BASIE Z  AIREBOR R« ATE W R A HERG B BRI - 125 HID B SR
AR IFOR B R 2R T 53 5 7T B B (L RS AR ORI S+ Bl4nek i
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etal, 2023) ° R[N - AWFFEILAKS CBAM il Ky 22 185 B /5 JB\ P8 B 8 Jie o il B K]
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HEM -

G351 - e R R R B I i =2 1 A A A SRR TS PEIRAS T ER A% o Chung
(2021) fEHEEEESF R EBOREBERE D - H B BORMWEEE JE IR R - K

BT S AR I ~ ih SR ~ BRI B Sk Ml - R A
P BLRGE  WERGE ~ TSR G R BRSEAL R (critical national infrastructure,
CND) ZEHHAMGR - AHRTGER TS R Bk - IR - B RERLE T I
HAEERERACERNE MU LR AR  ARTEREEE
BTk - LUK — RAE R H AR

R - AW T S RS L R ) FUE R BIfE B e R T - ElR
RARRIE ~ SRIREINE « AR T B n B AT L r BTG HERE DT - AARIS
E U EVIEMLEEN R 0 (—) BERUEZLZ 2 - ISR EIKaE IR IERE R
feFHfE G B TR RE ST ¢ () ESEmF IR L 2 - MG S H
JA S B E T ) S T AR B B I8 5 (=) BEREER Bt oIk 2e 2 - BN
ot ~ s B fit 2 75 BL AR U A DE (F < Mg B 5 (DY) RIS R -
Rl R @ ~ iat ~ RRRREEEE = 5 Raagne P B AT 9T e 52 L IG BEL R
AWFFE L E2 M E AL BRAERE S S LER S BIBOR - MAERY L T BUR HI — Rk
B — IR ) PE R LEmZORE - RE A IR R S A BORABRE SR T R RT3 AT i 1
g Eb i -

BRI RE R, - AR ELUT =M 5EE « 5 — RSB R R
BREANLBERHBY R 2 55 » ARIBOR H AL S A R R E B T
H 2 5= AR T (e 2 Freie AR Bl e IR e B AT T 2 AW FE i it 5 B
Peishs R = BT -t SEERE IR R0 B AR SR ~ W B T3
AU ~ BB — RAETGRR RHEAETR R T - FESRIU TR A R R B R 8 - D
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FBAGIE—KAEIR - T2 PR RERINLAREF IR ELEER RIS - KL - &
RETEITFEEA I BCREE - AHURRES AL - TR A B - JLExR
U B s A e PRI« AEE RTECRBLAESER b - B DLBA (R 20 [F) A B R et
e > BREIKE - BEERE o IKEL U RARREEH M LA R T2 A
(steam methane reforming, SMR) FE& » HHECRE i B LA BORHE RE R FEREE 5 B
GHIZTE SMR SE B s ABRAEHE ~ EAFELFFH (carbon capture and storage,
CCS / carbon capture, utilization and storage, CCUS ) DARHERRHE 5 #ERE B4
REVR LA MEI T/ A - B G b T B R G RE IR AR B EL R R+ TR ILL 8 b
RAFEFE BRI A E @ — (Howarth & Jacobson, 2021)

SASTEE Ry —TRBCRELEATAR G - RS IREEA B - B anfE
H2 % - RETR L IE S ~ EE A PRI B B 5 4 A IR RS H 2 S Bl - BRSU%
e UG R L RETR SRS RIS AR - IR B - GRS B B S el -
BE R R HE T2 ~ i E A DIRE (Bockris, 2013) © ANt - PG R
AT R R R A - SR R BE AR BRI R AR - MR P B i e A
REVEIEIR ~ 19 LG  EINGTH B PSS HLESE AT KA BE PR - RIS S
H A {3 BB g B — BT 5 TN RS ~ SRR B AR
GRS LA AT o

— - ESEEHEEAGE - (tRImTEHETT

RERRRESMEMET S - &M S EIR - RERER AL LE R AR
FHEREE T AR ST - o H B AR B RS E T RS - AR TEIFEBCR
BUERRE R T » IRGERIRASRE B A IERL 5 MR T - #k s i B i (e
A REVR BLEE A TR ~ KB R REREE T LA R ST RE T IR - AHBATZCHE L - B
A B E SRR - (R EAE T RIHEA BRI E TSI TTRE (Rezaei et al,,
2024)
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AHEEN - #5.  SREBCREIEmEHFEE - AUE TaERREM, - g "HEM
EHIRE B TSR ~ ISR ~ ISR ) BESh - BIBR S TR Rt AR B 240 -
FERRIFIRFHEME R AR ~ B Rt BBl TSP R - G RE R R B i E A s
IR EREEL R FiERs (MRS - 20232) -

FEFLARES & > Balaji B You (2024) DUSHE AT /5 2 Ak 5T BlE 5 JE B6 B Sh ik S A2
FRE s A HIE A BEEE ST ~ AR B BORSCRF R (T - HAEE AR R A 5]
M - IHAER TR Bt — AT BRI T T3k © G ERE I T MR Ry I R ~ SRR
BRAE ~ BRANREURK IRl 1 B BUR SRR S T © Pb— W e RS Se EZERUR
FERR - Bl PR B AT AN ELAS R R B R SRR B - 1T S — 2 5 AT
AT B LR TR K -

= BiFRERSHIBRIRS I DRI TEE

FRIBVEE A N IE ~ SCE R BRI TIERE 57T - B S R R
B TTEE P R 2 BIBORRHE A B R, o HROLIR S [JIFER - @B R AT fEF
A R oy B T S P R AR I - A B [ A E Y D T B e o ) SR S PR
fif il » Sl Al — 20 B TSRt ~ (L TR0 A BELRIIREF TR K - Oni FEA
(2025) fRHIEE R RE R P TTE A ERGR N AR B A S - B2 2y F5EAE ] R0t
TP G B 2 R B BOR FE R M MR NI - BURHAE 2 —JEE00T ~ FAiEas
B PR ) R A 7 A g 4 15
[FI R st -l R B S m B [ B 2 ¥ T S S SR R AR I © TR
FE - PHEHRE S R R BRI - R A Tt L e - SR
i~ M SHE S IR AT X - R RE R S B — B AC SN X YR - Jiang S A (2026)
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Bl > R R eI < SRRt ~ JRlbE: BeL e ot ol o S e 158 L

SH R Ry T EFHEETR ) o (BEEAETERER JYREIREES (energy carrier) - IR
—KEE - M5 - SRVERSEEEBEREE - AP ES TAS - R
H B8 ~ BT > DU RGER G T A RMEGT - sl B R E
M5 BRSEANER N LRES R - MAER S T REAE Se BRI T m1 o R L T -
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TERREBE BT - @ ERTEREHRBOE UL - T RERC Ry SCHEEE R SR LR
FIUk Y B 2T - AHBABIAFSE NG - SEREIRIEA R By ECRK S [J] - B H
REAR B AL R I T RE - EHR PR IR AE BRI (R > ot
FAE 0 2023) o

HR - SEMESEIIERRE - A2 RE - 2R T ARG
(sector coupling) HYEHEE T H - & n][A]IF AR TSR « 20 - RIIFEREHE
JIHEE  PETAEREVR Mt # JE A A Ui B 35 SR U Ay R /At <Jiang 5 A (2026)
Bt s At AFERE IR A 2 B B » BRSEAEHY L ny i v B s S T B RE
MIFET B — i ARG TSN » HE RN v RE R 2k Sk i 22 v i Bl
INFLBRIEH ERIRT IR -

~ SHERVRAREIR! : FERRANE - RNARLZ EER

AREMRIC IR WIBERR S © 28— - G BELER SRS BT - (2
AU LI R 2 ZHEH . — - R SR R SR RT3 - (B e = R AR A
SGHROE B R P E s iRV ~ BBl U R e R R
E L RE AN B 27 3 BRI R R — AR - SE IR R (T BIE SR A gl 1 2L 7
TIHERR ST 5 - FEBERE AN R U B Wi R S ERVDEPERR S (FPHER - 2022) -
BESh - N b B RO E RN A2 - JRERG] T SEREAE A B G I AR - FRRS I
UHEARELE - H R B B I R KA RE IR S A IR - B R T e R
SR ) BIGERIRSE 5 BN LSRR E - LR A MR 2 — 8 &%
EH VI —ERNEGRAEEN - 0 - SRetEMEVINAEE 2B EE L L
b - FHESHE R > YZEIR D s EEE TR  E i 7 MR A
(Mht47 > 2023b) -
FLoR -+ GRS G i B A S Y R AE AR 1 (7 B PR AR R AR S B A 1
RIS B RR B AR - AR ~ MHEHHA M ELERPRE B A R
o RIS AKR s Bl b nZ s it T - @l ~ MORMEATE KB E AR GE K
ARERE - Py el BEFRHI LA RETRAERS L ELEE IS  [RIBL - A B e 1 B R
FTEE AL R - S E R R R AR F R UP 20 (Niermann et al, 2021) -
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Hydrogen Networks Operators of the Northern Seas (2026) Fit % B fy Jb g i Ea 5 1Y -
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FUETE R b ATiZ L - Ho—F T e LA BT MR , - H ok TEETIINE SRS
%J’M%%ﬁ@%%@%m%A%ﬂw%ﬁ%ﬁ%%ﬁ°

MO~ B AAREE R SIS
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AATERR ~ R > DEE ~ S~ TRE - PRI~ ISR T 8 B LhE A A
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( Hydrogen Production Projects Database ) A 2025 - 9 H iR #4H < X EIEHEHELEFR »
FEAS TEA fRHEH T S RE L ZSHEE - 1 JRE 7 R R B — I B EE A - i
ARIFFEA L —E S H P R E SR - M EEHE - CRERKBEC A EE
FAE R ERB FIME - DU & LU B S RE B 5Ty LAVFESI AT E (3R 3)

&3

FEXBER SBEEZE/-R
% HEHE BIREERH EIREERE [EYN=EESH

() () (kt Hy/y) (kt Hy/y)

B 160 13 6 169,984
FAEY 152 38 1,681 56,064
G| 106 10 9 27,585
{12 229 61 180 25,602
EES 61 16 99 19,156
E=E) 159 18 16 16,326
e 138 24 28 10,689
i 6 0 0 5,224

A H 4R B OB A8 JR 48 F Hydrogen Production Projects Database 2025 5 9 A J& % % 0 3 # HL
normalised capacity 454% o " @& A At ) KM Operational = £ F & ftmét s " eAERE
¥ | 1% 9ER 1% (non-decommissioned) R E X & fhiwl > L& T AE  ER T TR
% € (Final Investment Decision, FID ) ~ #AME]  TATHAF RITHAE - Ad B AT & O
RASFE W CHRAAMR, A0 ELLAELRERMAIEM -

FHRR 0 ABFR R A “Hydrogen production and infrastructure projects database,” by International Energy

Agency, 2025.

i€ IEA BRIHEZ - HLUIERERZERT - PBIH AT EREERMR R ; HA
g P B AR A T o RN~ T (BRI N RO o B RS RER
ARWTFEATEILL LRI 5 - #EN LR E R ENICREERRSE - HZHCEAERE
HEEAR ~ BORBS R BIHIEAR S E B —EARNE - MORIFGERI IR RMIKE R E
ERERETT - MEE BRI « BORH AV BLH] B T AR -

AWEFE L LU SR A - A IR R A B A B R EEITHRF - HIRA
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