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Technical and economic analysis on offshore wind power-driven hydrogen
production , storage and transportation technologies in different scenarios
SONG Peng-fei” , ZHANG Chao, HOU Jian-guo, XIAO Li, WANG Xiu-kang ,

YANG Fan, WANG Xiu-lin
(Technology R&D Center, CNOOC Gas & Power Group, Beijing 100028, China)

Abstract: The water electrolysis hydrogen production, hydrogen storage and hydrogen transportation technologies
suitable for offshore wind power are compared and analyzed, and the economic feasibility of four different scenarios is
studied through taking an offshore wind farm in eastern Guangdong, China as a case.The scenarios include offshore wind
power high-voltage AC transmission to the grid, onshore centralized hydrogen production by offshore wind power, offshore
centralized hydrogen production with submarine hydrogen pipeline transportation, and offshore centralized hydrogen
production with LOHC-FPSO and ship transportation. The study results indicate that the levelized cost of electricity
(LCOE) for offshore wind power is highly sensitive to the distance from shore.Direct transmission to the grid is the most
competitive option when the offshore distance is less than 150 km.If the distance from shore exceeds 180 km, project
profitability becomes challenging , making hydrogen production less viable.At a benchmark hydrogen price of RMB25 per
kg, onshore centralized hydrogen production driven by offshore wind power is more advantageous for the distance from
shore less than 80 km;while offshore centralized hydrogen production combining with submarine pipeline transportation
becomes more cost-effective for a distance from shore exceeding 80 km.As for a distance from shore over 150 km, offshore
centralized hydrogen production combining with submarine pipeline transportation outperforms traditional high-voltage AC
transmission to the grid. However, at a benchmark hydrogen price , the economic viability of all hydrogen production modes
remains poor.

Key words: hydrogen energy; offshore wind power; hydrogen production; hydrogen pipeline; organic hydrogen

carriers

b FEHAEFIRUAEAL I K R a4

455556 H
2025F 6 B

HEAREFEE REMAHSERS A S
B TUNE AN 0 A W W € o e W[4 A g R e
s E A A AR 2023 45, 3R FE XL EHL
2] 441.34 GW, F 2 ZiF A B ILA 21
15% , o it b XU BB L4 ik 36.5 GWH
Bl 77 SXIL BRI A SR AR (R 28, LA L
AV DX O AR P 0 e A, L XL R B B G

JBEBA BEBLIE TRl A B 5, LT X
FEL ) IO R 20 2 R A PR, 1 e S T/ 48k
AL A e T L 8 i L ) 22K T AR v, LI P
TR | 75 LARRAL R AL b X BB AR 1R A AE
FeAeon By Tt EA AT A0 e AR AR 7 3K
g b XA ) S S A A R A T BE R R R T R
Z— DR T EEE, R R REAE SCE AL T

%5 B #A . 2024-06-25 ; & B H A :2025-04-07

EE&UH . 1 EWEEAMERAGRAE P07 Brag I E AR H (CNOOC-KJZX-2022-12-XNY-0705)
TEZ BT RN K (1985-) , 55, AR} m g TR, EZ MBS B S HaE R ARB T, WK R A ,894245404@ qq.com,



2025 F 6 B

SR, SN Tl S5 AR 22 e A R B ) TR
A S

1 BERBEHSRENXBRARBELS T

T b XU T R G0 i XURILA | F i Al R
W TR 57 N VA £ D N N2 W D e e €
TR TR B E A B AR OGP Y BOR RN T
PR, SIS A T LA R s B AR
1.1 BEXBBEBHSFEAR

i o WEN =775 o N = S b o =
Pz &, W F I EOR TR PRSI ATk
D& e NS R SR R 7 S0 3 e S R S| P €1
PR, 2 A TR oK LA iR A R S | &
B, B huEh o5 i ol HUXR 530, B i A s ALl

RIS K . AAHRE EXNEHSIME AR FIEDT $253 -

BRI, Wk &R 2R R ITR, B
K LA 237 GRS SR, e ) S AR Y
YT, F5 2R AR LB i i K
TSR K IR AT AR J B, F R K B 1
S TIRE RGN B, T340 W L XU DR SRR,
T LV PEREAE 171 17 18 FH Y [l 5, B 38 N T AR E L
1 5 XL A RS G e R A i S B R

FAL i K T SR A FE B M L A (AEL) (T
A EE L i (PEM) | a1 Tk 18 25 42046 9 Ha, i ( SO-
EC) FIBH B 73S L i (AEM ) 4 i, 4% BRER B
AFEHERE N AEL>PEM>AEM>SOEC, 2023 4E42 Bk
HL AR ML 2~ 3 GW, o AEL F PEM 433112
60% 1 30% ,

4 Rl gk i S AR X F LR 1071

x1 BBEKEHSEAIE

TgE| AEL SOEC AEM
LA/ (A-em™?) <0.8 0.2~0.4 1~2.5
TAEHE/V 1.8~2.4 1.8~2.2 0.9~1.3 1.6~2.2
L R ey JF R EilE =R ta7] I 8 7 B 4
BT/ C 60~80 900~ 1000 40~60
TAEH 1/ MPa 0.1~3.0 <3.5 <4.0
TAERE/ % 70~80 — 70~85
P E/ % >99. 80 >99.99 — >99. 99
fiEFE/ (kWh-m™?) 4.5~5.6 4.4~5.0 2.6~3.6 4.2-4.5
PHAR f AL 55 PRGN R R kA
PHAR 2H,0+2e ——H,+20H" H,0-2e”——0.50,+2H* 0, -2e"——0.50, 40H™ —4e”—2H,0+0,
ISF 52 A A 551 PR ELLAE W b S HUkZR Y YR
0% 2 i 20H -2¢"——0. 50,+H,0 2H"+2¢”—H, H,0+2¢e™——0, +H,  2H,0+4e"——2H,+40H"
Tl AR AR FDIL AL BT MW 7RItk B MW 7RG R B
¥ S BN A] SR UNGES SRR
A L % 30~100 10~100 5~100
(W= AR A ESE I, AR,  sbmpit, RERE,  HEaeEs BRI AR E R

ALK S R
Beni W o 2 AR ) SRR A, e A, KRR, R MR ERNE, O HARRRE, B R RE

K WA T e, A PR DR AU

Ge RINTERE VA FriR T

BT 21 T, F it i Tt

PEM I AEM B8 45 9 b XA A2 ] 037
S, AEL B8 5 15 b KURS 3R S 78 Bl R A il
Ho AT PEE AR A S, U B R A T K
EARTR,
1.2 BETELXBEHSHESHEEERA

RNy n - ALl AN E R K A E4 g
(S, B IR 2K AN (R i oz T 3 R B RE
FEVE B AR MK S H AT F K S R,

70 MPa A/ B AL 40. 0 kg/m® A FHHE B % (L
H5637.4 MI/m’ P B IEAE AN et A
5 RN AR T TC 15 1 KRB b XUH il S 5,
TR R R B 2 8 T (e A7 AT AN
J

T A T AU ) S S AR AR A i
B R EEMAFE. QR FOABIRRAILEEB A
% BT TR IR AU T % QR R AR A B



- 254 - FAX AL L

(LOHC) fi &, 18 32 ¥ )5S J5 9 45 18 5 LOHC - FPSO
SEEARH K IZ s QI AL N H B =R A5
TRASIREL

2 AEEBLREHSRFEER THESF
5

2.1 RHlRIE
DIV A I 70 km B 300 MW 1 XU L3
HFGE R G, AR K 4 000 h, 5500 TR L
Fe 2B I H L 2 o @RI, W H B TR
R 25 a, Rt 5, il S A& Har ik $8 12.5 a,
R H iz 55 5 v S e — o s
2 EHIRIE

IH e
L MW 300
8 L XV B4 R/ (T8 kW) L4
AR HL /NI /b 4000
AE & HL /108 kWh 12
I THESE (220 kV) B/ (Fo6-MW ™) 90
1 FFRSS (220 kV) £GP 2R/ % 2.5
BCU SRS (LA T AME ) / (JTJ6 - km ™) 900
TIPS % 1.2
Rt TR sl (J7o6-Mw ) 240
fii b4 5 AR A 28 R % 2
AW/ a 2
B/ a 25
E T/ 40
AE NI LR AR A/ T o8 16
T 2 ot 385
M LA (27 T IR & B Y )/ (J8-kWh™!) 0453
2 HFE/ (MW -km ™) 0. 289
T G (35 kV) #E M/ (JT6-MW ) 270
ASESRHEAE/ (kWh-kg™") 1
ARG (T 300
TR A BN/ (578 km™") 600
AR EM/ (T kg™) 25

%2 R IN H SN AT B TN 2 AT
WL 45 I FE R R 0. 28 MW/km> | T K i &

=%

Ay

FE455F0H

BIES LW RIR G E MG F A E &N,
18830 Jiot/km' ™) AU B F G AR A, A
x5 BRI E AEAT % S5 AR AT A 2y

JEAFFHAE L2 3,
x3 AEBSAXRIBATEE
RGN (2 1w A & =2 HLFE/ KFE/
Tk (MW a (kWh-kg™')  (kg-kg™")
AEL  230(BfiL) 12.5 55 9.9
PEM  920(if I+) 12.5 48 9.9

AR SRS AR R A R
LCOH = {[Cy = Vy/(1+)"] +

2 (A, +P)/(L+D)") /X H,/(L+D)™) ] (1)

K, LCOH N F-HEAL I ZU8As , 70/ kg ; € AR
PE (G B XY RSN OV, N EDE
PEPERRAE, 0 A, R m AR E AR, O P, N
m AR RS, I8, AN RO LA, TS U
0;M RyUit Hiz g a],a, THEBUE 25 a;i HITELR,
BUH 5% ;H,, 5% m FrH &t
H = (P, xM,)/0 (2)

Ko, P, R AL MW, TR IR 5
JKUHL B LA R — 35, B 300 MW ; M, Ay HE fife b 4F -
PRI AN B, b 5 IR 5 B XU AR 1
HL /N B 50— 35, B 4000 hy 0 A H i S HL FE
kWh/kg, AEL il E 4% 1% 55 kWh/kg, PEM il & 4% 18
48 kWh/kg,
2.2 L ERBHEREEER
2.2.1 BX—.HERd G EAmE LR

3 A= =770 S s i =2 SVl T T
(HVAC) Flis s Bl i (HVDC) 2 K&, A0
PLHVAC % H AR b % H S =0 1 47 40 #r . B Y 1Y)
HVAC R4 (K 1) b, o RGN B &0t
AC/DC ZE g8 #ii DC/AC 7R 280 28 J5 4 | &
AR AR 2 35 kV it i I IR L AR 2
TR THE A 220 KV 5 PR i v I L 2R
P71 T = o LB e ANl Yo

-

g EIHEY

WAL Bl AR
WL

K1 BLekxnte s



2025 F 6 B

2.2.2 BX .k ER e LR PR A
HET HVAC 1y b XU Bl 4R v il & R 48 0
Kl 2, ARG RPLAHFTE, FHER
35 kV JF it i R i L AT R 2 0 T R T
" \_|

-
]

i i LHRG W LT
g LR

RIS ¥F : AApRE LR EBHSRAEIERALFIEDH 255

JEZ 220 kV J5 380 5 R S ik 2 L 20k
Helivl AC/DC A f5 el 1 B2 v il &1 il
AHARMEFELESE AEL H S8 AEL 5 PEM 254 il
2072,

WAL i S Sl

WER

B2 iR EPH AR

2.2.3 BX=Z . LEPHEA+HERAAFTERE
LRGN BEIGE RKALH L E, A EE
35 kV J5 a8 3 I RS B 4R VIR = R A AC/

=¥
H HHRG

1 U

/>//'

HEEPHEY  BEREEE BERE 2

DC Az e HEAT LA ) S, S0 v e U Tk
TR AL, A = NI (18 3) Rl AR
A ERE PEM A

&

FER

K3 wEEFHA+ERAAGERRT =

2.2.4 X 9. L& P H A+LOHC-FPSO+A5Ad%ri%

R U | A L R G R A A UL I AR
T2 35 kV e 38 b R AT 2 i R
il &k, AC/DC A8 4 J5 HE A7 H it ol &, SUUHE LO-

HLHERGE W EEPHEAN LOHC-FPSO

HC-FPSO I i fb 2% ) By fin 2% £ LOHC H, I #¢
FPSO EA#77 , s i ik & Bkl , 2t fb 2
MR SE ik = T W (B 4) , Hl S A
TE1EHE PEM 4,

& 8-

LOHCZ #ifify

\ LOHCH:MGH  LOHCEES

MR

A4 &P A+LOHC-FPSO+AL Al dr 37 &

2.3 ZFESWH
2.3.1 REHFESB REBEXGFEKE S
et 25 a T H 4 A a0 B BRI
TS AN BT H I s % SR M AR
B9 A 0. 453 JC/kWh F1 25 J0/kg T T, %
FEANIR B e PR B R AP L AR Al 45 (f20T) , L
5, Xt 4 R A 2 B M B, AR SO R
TR B R R B A B AR SR B S, BFSE AN
SRR BEAE B R EE B 3G I B — (B R
W) X (Rl A i ) AR = (T A

AHBIREAEEm L) R 3 B3 TR, £%h
1.8
1.6
14}
1.2
10}
08}
06}
04}
021

000545 65 85 105 125 145 165 185_

-02 BRI ES /km
1A — 2 03— = 4
S5 KR ERER ARAERNEH KT

SERPRE/(f2.TG - a7




- 256 - FAX AL L

TGRSR = R MAE A, M2 T B
DU (¥ b 4R ik A+ LOHC - FPSO -+ 2% ) ik 25
XoF B I A B IS, T B A R 2
ME R IEE/NT 150 km B B — 2 50
SR, AF I R 8 T A RN, R R
PR LT 180 km B, A5 5X— (1% B2 M BUAS 128 2 1T,
Tt 28 R KR T R, SO B 25 A7
XTSRS, BRI /N T 80 km B, A = (fifi
AR ) M f s B R R R AT 80 km
f Bl = O LAl S R AR BRI ) 1Y
FRASHE B2 8 I 5 24 B M B AT 150 km B AR
KEZMATHEL TR —, A B0 7E 2 5 B
B 145 km B AR R T = SR HAE
Tl N A sth BA W EM & i, Kok
HHLE R RES B A B A ah Tl S5, T
Ml ARG BT BRI BEREAIR
2.3.2 REHFIESEEX—EERA
AN]SR AR — ) B L AR LR 6, A
20— Y L AR X 5 5 B A oM R, T
LR B B B A4 AS , BE A S TR S A Y
o, B A R AR L PE BT Y B R R
180 km i, B L AR B8 38 0 0, S 350000 H 28R MK
R R, X I R, VR I KR 0 H 9 2 55 1
I B R BRAR , O HR A ST R RS T T I 4
() AR ME LA S 25 B AR, ARk, 2R P =X XU H 45
AR AR, B i A A7 R A v P L 4 17
BORZES RA , Iz it L 30T H (14 26 5 A 22 A5 )
B

~ 0.44f
= 042/
B 0.40]
12 038}
_E 0.36}
X 0.34f
& 032

03—
25 45 65 85 105 125145 165 185
BB /km

Ko TF&FEBZER—mEEEKAR

2.3.3 REHFIESD 3B 0D RA

K7 v R 7E RS REIEES 120 km DL, B
()& A Fe A%, 5 A5 25 T ARG A i A i A
FEARR I LS RE . SR, Bl G 25 5 HE 25 Y 1
B AR LA S AR R R 120 ~
180 km X [R] P, 485 2 = %) 0 A AS B8 LA 4, 2
FH 1 IS S T (R i 16 A ARG, 2 s R

FE455F0H

B 180 km A5 X DU () SR RAS B AIX, e B L

FEGRA g XL ) S 3 e B VR E I & T
_ s
o 24f
5, 23}
8 %t

21t

18545 65 85 105 125 145 165 185
B /km
1— it = 2R = 3R Y
H7 ARBFESE3IMAEXINEAA KK

SR TEREME S BN N 25 Ju/kg IIIEOL T,
AR AR R UL S KR ESEF, 16
b XGRS 2R B AN SRS T B AR 3 2L T A [
%, 0 238 1 B A8 & SE LR B St i p ™, LA
AT 4T,

234 FARAAEAAENTEINZFH KA
5T

LB 2 75,100,125 (150 km A&7 0y BRI O
] S E M AR B A AR A g DL IET 8, B
PR BRGSO, AR R e . R
BEMART 25 Jo/kg B, 0 H BRI RE 152, % IEE
TR M DR - S48 0 23 ~ 25 Ju/kg, T R
H, 1] 1Y) S S0 75 30 0 Btk 52 B S5 B AR B < £ Vi
M A RRTE S IR AR TE g SR

350 L,
__30f ~3
o 250 4
"R 2.0r

N 1sp

@ 10

= osf

Py

&

0'% 7 24 26 28 30 32 3a
05 AEBMI(TT kg

-1.0

10— 2R = 3 = 4— Ay

A8 FRAEEAAENTFEER
4 3R A

3 it

g DX F g ORI 20 2 R A 7 ol A T RO
i, i SRR DX —MER A B AR 2 — . Gad X
T R SR s BB T, DB RS
ity b A3 ), BeAE T 3 Al AU, SRS TR
Ak e b R EA TS L, EEESSIT

(1) g 1 XURE ) B2 R AR o 8 B I A



2025 F 6 B

TR Bt S I P B R T v, I E g PR
V. BSREBEES/NT 150 km, ELEES A 1 9 5 = AR
Lb 2% il SR AR B L5 4 0 A F I AR VAR O T
MESErEsE LM, B R R B 29 180 km I, ¥ 1 X
FEL P R AR B 5 36 0. 43 J0/kWh, 00 H 2 F] 4 IR
M, EANIE BT R A

(2) Hl SR B RIEE /N T 80 km B,
JZEN G T = e R W AR N P = e R B U L
80 km B, ¥ - 4 v ofill G+ T IS S0 /AE I 0k AR
AR Y R I BT 2 150 km B ¥ E 4R il
IR SRS T R R T A% G e TR 3 T B
AR

(3) 1 14 il 20+ LOHC - FPSO +fifs ifi 4 2% 1)
75 3 AT B U 25 0 S e R B SRR, RS A R
Bt 150 km PRI I I XU ) &0 5 4 L
U AU T 32 TR P 1) B AS TS AT, A ok An SRR
FHEA 103 & R | BUAS A BRI FEAIG

(4) B FEES 120 km P, 16 b XUAL By 4 o ofil
S TNA R, 120~ 180 km X [H] N, i 4
il S+ TG SRS T i 1 A T LR
1f 180 km &, _F 4 hifil Z+ LOHC -FPSO -+ i i
MR TRA AL, 78S EM 25 Ji/kg 1Y
TEOLT , 25 il SR 0 2 P MR A 22, AN 25 R HE
W O XE LRI S 50 4, X T Ui (8 R FH R 40
(3E 4 S ok T HE REIBRER . T5Zdt— ot &
ARAEEREAC A , i 1L B 58 2 (R B S e AL

S 3k

[ 1] T8, S0, #08. th AME KU & R T #RIEUR H 0 5T
[J].BHEA BIRTSE ,2023,43(8) :65-70.

[2] v i A AT AR U5 28 T F 2 . vl 60 Vg V4 g 1 R R 4l 45 2023
[R].AE3T o [ AR A RE VR 2 B F 5T B, 2023.

[3] 2R, TR, B o5t 1 b XU - SRR R 4038 TR 2o A7 B i
BT B H RS A Fh1k,2022,46(8)  104-112.

[4] WU, BRse, T/NE %500 B XU - RELE A RER AT R G0 153
[J]. 507 AEIR % ,2020,7(2) :35-40.

(5] XRHEEE A7), 27 A 8] 87 3 5t 119 L g 7K 1 S0 4= 43 1
[J].6EWRALT,2020,41(6) :1-5.

[6] PAB, EAH, 25500, 45, ARk ] S A RE R R BUIR 5 R[],
2% 5 RERCE R 2021, (7) 11-7.

(7] @G5, skoRst, SRR, 45 S8 B 3R] FAE RE IS S R ARE R
JEAM[ I 41,2021 ,45(1) :53-59.

[8] TiFE, B, I, 45 0T+ 28 60 I H Ak 7K 52 A SC B A 1) 1F 52
SRR )] AERERF SRR, 2022, 11(11) :3510-3520.

(9] W3, K30 , 22—, 4. o B ) A AR 1 & SR [ )] Ak

RIS K . AAHRE EXNEHSIME AR FIEDT - 257 -

SEHEIRE,2021,33(12) :2215-2244.

[10] FFHPF, ATLrMy, R4, 55, 4 3244 NiFe LDHs@ Co-OH-CO; 44
KRR 5 FL B T e B B S e B R K [0 ] el
2022,28(9) :77-93.

[11] Xie H,Zhang Z,Wu Y, et al.A membrane-based seawater electro-
lyser for hydrogen generation[ J].Nature,2022,612:673-678.

[12] Andersson J, Gronkvist, Stefan. Large-scale storage of hydrogen[ J].
International Journal of Hydrogen Energy,2019,44(23):11901-
11919.

[13] Kojima, Yoshitsugu. Hydrogen storage materials for hydrogen and
energy carriers| J | .International Journal of Hydrogen Energy,2019,
44(33) :18179-18192.

[14] Makepeace ] W,He T, Weidenthaler C,et al.Reversible ammonia-
based and liquid organic hydrogen carriers for high-density hydro-
gen storage : Recent progress| J].International Journal of Hydrogen
Energy,2019,44(15) :7746-7767.

[15] ARMEE. B8 5t F B KIR RS LNG 7l K Al PR R IR
BbF R B A IR [ )] BRI, 2022,34(2) 18893,

[16] RMGK, 5, H 5L, 550 KRR 5 S Re k& & Y
HmE S [ )] S HTRER , 2023,35(2) :37-45.

[17] 4RAGE, 2 W], 3k, 4. SURE Lol BUIR B HE JR | Pk A R i
SRR T,2022,42(4) :1-20.

[ 18] FRBr, R AN [] HiL e 25 25 T O A W S PP 52 [0 ] W
1% ,2015,36(9) :22-29.

[19] Bk SRt i, 45, 20 T i B AS [ P TR S 2 0 22 5
PELCEL ] AL R SE H 3k,2011,35(20) :98-102.

[20] BB, IRE, BMEAR 55 M K2 B B 4R L R LR B 1L
BOT) . Sk, 2014,35(12) :131-136.

[21] BCUME, EFHW, XUk 4, 55 0 M B B 7 0 1 KU O Y
AR 2 BEPE AT [ T]. W0 R 40 A 34k, 2019,43(5) : 167
174.

[22] ZfiRts, U, S0, A5 AU AR L AT 2 2 e A i 1) 22 B 14
SB[ B R B A SR 2R R, 2015, 18 (1) < 34—
40.

(23] EHrA K B L RIUR 585 S T [ 1] H W) 5%
FUBR 2240, 2019,29(3) :83-86.

[24] WA, Z0E, B &, 506 L ROR S B AR 4857 XS o B
[J]. 8 fp %, 2021,42( 12) : 136-145.

[25] BE 0, ZRakat, o, 55, vl =R fh S AR A1E AV 6 1) 22 55 1 43
H[J].F AR A, 2020,7(2) < 1-13.

[26] Scolaro M, Kittner N.Optimizing hybrid offshore wind farms for cost-
competitive hydrogen production in Germany| J ].International Jour-
nal of Hydrogen Energy,2022,47(10) :6478-6493.

[27] sk e DY, 450 1 XU ) S 28 TR T A B 2 e G 2 )
SHT]. R T, 2023,43(2) : 146-154.

(28] BEARHE, VIR SC. Jo ¥ X H i o AN ) S 22 B T AT A AT (0]
[, 47,2022,55(1) :91-100.

[297 RMS«, 5k, 1 o7, 450 b XUHL AR 1 o0 7 94 K il i B AR 25
R[] HAMAE,2023,28(11) ; 16-24. 1



