") Check for updates

Journal of Hydrogen and New Energy, Vol. 36, No. 5, 2025, pp. 580~597
DOI: https://doi.org/10.7316/JHNE.2025.36.5.580

JHNE

pISSN 1738-7264 « elSSN 2288-7407

SHOY|LAX] 7|Et P2G A|AENO| ZARA -

QI5iA Ty} U GiE} )2

=

2 2

Techno-Economic, Risk, and Delta Sensitivity Analysis of Ocean
Energy-Based P2G System

SUNGTAK JEON', KISEOK JEONG, TAEYOUNG JYUNG

Power Technology Research Institute, Korea Electric Power Engineering & Construction, 269 Hyeoksin-ro, Gimcheon 39660,

Korea

Corresponding author :
sungtak21@kepco-enc.com

Received 29 September, 2025
Revised 18 October, 2025
Accepted 21 October, 2025

1.ME

[

Abstract >> This study presents a simulation-based techno-economic and risk
assessment of 1 GW-scale off-grid hydrogen production using four ocean energy
sources: offshore wind power, tidal range power, tidal stream power, and wave
power. Three hydrogen supply pathways—subsea HVAC, HVDC transmission,
and offshore electrolysis with hydrogen pipeline delivery—were modeled.
Levelized Costs of Hydrogen (LCOH) were calculated, and uncertainty was quan-
tified with Latin Hyercube Sampling (LHS). Results indicate that offshore wind
power is the most cost-competitive option (= 14 $/kgH,), followed by wave pow-
er (= 15 $/kgH,), whereas tidal stream and tidal range power both exceed 20
$/kgH,. Risk assessment revealed relatively stable uncertainty distributions
across the four marine energy options. Delta sensitivity analysis identified the
electrolyzer capacity factor as the most influential parameter, followed by CAPEX
and O&M costs. The proposed framework provides quantitative and practical
guidance for strategic planning and policymaking in ocean-based hydrogen
production.
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HVAC (High Voltage Alternating Current) 3| A#|o|&
s HVDC (High Voltage Direct Current)
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Fig. 1. Configurations of cases for transferring Ocean energy
inland:(a) Offshore Substation and HVAC cable supply meth-
od; (b) Offshore Substation and HVDC cable supply meth-
od; (c) Offshore Hydrogen Production Platform method; (d)
Onshore Substation and HVAC cable supply method
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Table 1. Estimated capacity factor and average annual energy
production (AAEP) by ocean energy source

Tvpe Capacity | Annual electricity
P factor (%) | generation (MWh/yr)
Wind power generator 30.5 2,671,800
Tidal range power 248 2,172,480
generator
Tidal stream generator 30 2,628,000
Wave power generator 25 2,190,000

Table 2. Annual electricity consumption of the hydrogen pro-
duction system (assumed values for simulation)'”

Equipment Capacity Annual. electricity
MW) consumption (MWh/yr)
PEM EL 500 2,016,000
Cooling system - 64,500
DI Water - 1,850
Compressor - 456,500
Total - 2,538,850
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Table 3. Export subsea cable specs

Type HVAC | HVAC | HVDC

Voltage (kV) 345 345 +300

Size (mn) 600 1200 1000
Capacitance (£ km) 0.14 0.18 -

Resistance (72£2/km) 30.8 15.1 224

Cable ampacity (A) 783 1119 1644
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Table 4. Parameters of ocean energy-coupled hydrogen production system
Type Value C(al\ljle;(i]i)ty lj;flljcf;;zl)t Note
Project Real discount rate (r) 5.88 - -
index Project lifetime 25 - - -
Wind power system
(includes turbine, BOP, mooring, 2,668 1,000 25 (2),(28)
preliminaries, margin and installation)
Tidal range power system 3,096 1,000 30 (7),(16),(29)
Tidal stream system 4,052 1,000 30 (8),(16),(30)
Wave power system 2,074 1,000 30 (10),(16)
Capital cost Construction 112
(K$MW) Offjih;r:ct‘r’i?;f;’;“ Installation 84 500 25 (15),27),31)
Decomp. 91
H2 fuel cell system (PEM FC) 963 200 15 (17),(32)
BESS (Battery Energy Storage System) 222 1,000 15 (18),(33)
Electrolysis system (PEM EL) 1,014 500 15 (10),(34)
H2 storage system 577.78 (k$/t) 60 (t) 30 (19),(35)
o HVAC cable (100 km) 421.2 - 40 (12),(36)
Zg::(ir;‘m HVDC cable (100 km) 4283 - 40 (12),(37)
Hydrogen pipe (100 km) 114.5 - 40 (14),(38)
Wind power system 80.04 - 2
Tidal range power system 309.6 -
Tidal stream system 178.2 - (16)
O&M cost Wave power system 45.6 -
(k$/MW/yr) H2 Fuel cell (PEMFC) 50 $/operating.hr - - 17)
BESS (Battery Energy Storage System) 3.33 - (18)
Electrolysis system (PEM EL) 20.28 - (10)
H2 storage system 8.68 (k$/t/yr) - (19)
AenT ZRAE FHN)of mef Azt vlgo= CRF(LN) = i(l.‘"l')N an
SAFSHE AGE AojHnk o2 4410% Uehiu (1+i)"-1
cheat 2k
i1+~ (18)
Canntar = Cnpe* V-1
G = Ccaﬁz‘tal,t +Cems T Q’epl(zcemem,t + Cfue[t (14)
v Gt td 89 & v sk, C a(E
Crre = 1 (1,7 (3) AR, s (BRI, Coppromens (FH,
Cra (A=H)) 2] FAE ufgth. ofjuf AZtekd 5
- (16) U C,pia)e CRFZ L0 NPCE AR o]

CNPE ™ CREG, Ryy)
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Table 5. Annual hydrogen production by ocean energy

Wind power | Tidal range | Tidal stream | Wave power
(kg/yr) (kg/yr) (kg/yr) (kg/yr)
381,968,812 | 310,584,477 | 375,707,028 | 313,089,190
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Table 6. Parameters of ocean energy-coupled hydrogen production system

Inputs Distribution a ¢ b Note
P (million USD) | (million USD) | (million USD)
Wind power system capital cost triangular 2,000 2,700 3,000 24
Wind power system O&M cost (m$/year) triangular 29 40 49
Tidal range power capital cost triangular 1,890 3,100 3,160
Tidal range power O&M cost (m$/year) triangular 190 250 310
Tidal stream system capital cost triangular 3,569 4,110 4,650 16)
Tidal stream system O&M cost (m$/year) triangular 65 87 119
Wave power system capital cost triangular 2,076 2,336 2,596
Wave power system O&M cost (m$/year) triangular 43 54 65
Electrolyzer capital cost triangular 790 1,040 1,290 (10)
Electrolyzer O&M cost (m$/year) triangular 20 26 32
Fuel cell capital cost triangular 340 370 500 a7
Fuel cell O&M cost (m$/year) triangular 8.5 9.3 13
ESS capital cost triangular 200 250 300 (1)
ESS O&M cost (m$/year) triangular 2.6 32 3.8
H2 storage capital cost fixed 34.7 34.7 34.7 (19)
H2 storage O&M cost (m$/year) fixed 6.7 6.7 6.7
Electrolyzer capacity (%) triangular 80 100 120 (10)
Wind_LCOH Error rate(%) Tidal range_LCOH Error rate (%)
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Fig. 4. Comparison of error rates between Monte Carlo Simulation and Latin Hypercube Sampling

ol

> SRS UNOIR[3E] =2

r

X3 M5E 2025 102




0] g d5& i
U= B4 e

ZS|
(Local)?} < 2)(Global) 2.2

 BAR MG AERgo §

[e]
ARELO 2 A
ek

A I - Y 591

TR
T—?Id

5

X

lo

=

ofd
S
[o

l
ju)
' J% 2
ol
o,
K

§iid
5

;

il

=

rx

o o>
>

we i

Hoaw

fr o e % 8 E oX
r?L
o
T

o
oo
<)

o,

AXN
71 FolM = de vIdE X
Adte] oigh g Mo g
moment-independent H<LHo|th

ot BIHAAS] BAF SHITS WIS Sobol

Y

HF\ 1®

=

ﬂ? R

=
A=
.

Local SA of Wind_H2 Platform

Transmission costmm
Generator O&Vscostss
H2 storage capital cost
H2 storage O&M
ESS capital cost m
ESS O&M cost
Fuel cell capital cost &
Electrolyzer O&M cost &
Totahogim
Fuel cell O&M cost &
Electrolyzer capital costm
Generatomeapitalicosts
o capEx
Capcity(%)

-25 -15 -5 5 15 25

m-20% = +20%

Local SA of Tidal range

Transmission cost
Generator O&M cost
H2 storage capital cost
H2 storage O&M
ESS capital cost &
ESS O&M cost
Fuel cell capital cost &
Electrolyzer O&M cost 1
o TotalO&M
Fuel cell O&M cost B
Electrolyzer capital costsm
Generator capitaleostm
~ CAPEX
Capcity(%)

-20 -15 -10 -5 o 5 10 15 20 25

m-20% © +20%

Local SA of Tidal stream_H2 Platform

Transmission costms
Generator OSiMscostes
H2 storage capital cost
H2 storage O&M
ESS capital cost B
ESS O&M cost
Fuel cell capital cost &
Electrolyzer O&M cost 1
Total O&M
Fuel cell O&M cost &
Electrolyzer capital costam
Generatoncapitabcostes
 CAPEX
Capcity(%)

-25 -15 -5 5 15 25

"-20% +20%

Local SA of Wave power

Transmission cost
Generator O&M costes
H2 storage capital cost |
H2 storage O&M
ESS capital costem
ESS O&M cost 1
Fuel cell capital cost =
Electrolyzer O&M cost m
TotalSsm
Fuel cell O&M cost 1
Electrolyzer capital costmm
Generator capital cost
T CAPEX
Capcity(%)

-20 -15 -10 -5 0 5 10 15 20 25

m-20% = +20%

Fig. 5. Local sensitivity analysis results of LCOH
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