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General Notice ECO MOBILITY DYNAMICS )

DISCLAIMER

All information provided in this document is for informational purposes only. Therefore, it is not a
definitive binding document and may be changed without prior notice. In addition, there are no
guarantees or guarantees for any particular content. Depending on the requirements of the
specific project in the future, related data and documents may be changed, and specifications
should be determined after evaluation by specific project. This should be determined according to
each individual project, that is, the specifications required for the specific area and specific
operating conditions.
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Project & Consortium Overview ECO MOBILITY DYNAM'c's)
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Motivation : Regulation & Fuel Ezgmﬁggfﬁ%mwc’s)

E-Fuel is emerging, and H2 is expected to be produced the most

Estimated global production of low-GHG fuels across all sectors High W Low B Total production in 2024
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Motivation : Technology ECO MOBILITY DYNAM'c's)

E-Fuel technology is already in the market

LNG
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e i (Diesel & Methanol)
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under
development
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Questions to be investigated
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Can “Hydrogen” propulsion be chosen in terms of TCO for 2035 ?

|~

Economic
Viability

Can H, propulsion
compete with fossil fuels

or batteries under IMO
NZF in 20357

Technology
Choice

PEMFC vs. H, ICE -
which achieves lower
Total Cost of

Ownership?

oS

Supply Impact

How do Green vs. Blue
H, and import pathways

affect ship economics?

>

Regulatory Role

How do IMO penalties
and surplus credits

reshape the landscape?
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Methodology : LCA/ TEA for H2 powered vessels
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Assumptions : Target year 2035
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1. Baseline

2. Propulsion Components

Category Value Technology Efficiency* CAPEX OPEX Lifetime
Discount Rate 7.5 % Main Engine ~50% 250-300 USD/kW 5 %lyr 25 yr
Diesel Price 600 USD/ton Diesel Genset ~45% 300 USD/kW 5 %lyr 25 yr
Hydrogen Price (Korea) pathway-dependent H, Genset ~40% 1,200 USD/kW 5 %lyr 25 yr
Electricity Price (Korea, Renewable) 106 USD/MWh PEMFC ~45% 1,400 USD/kW 8 Y%lyr 25 yr
Battery Energy Density 230 Wh/kg Battery 94% 500 USD/kWh 0.5 %l/yr 10 yr
IMO Tier-1 or 2 Penalty 100 or 380 USD/tCO,e Electric Motor 96% 60 USD/kW 1 %lyr 25 yr
a) Overseas Import Route
3. Hydrogen Pathways ETEOI .C.. oo oo [
Loadmg Unloadlng Loadlng

Category Options Considered

Production Method Electrolysis (Green), SMR/ATR+CCS (Blue)

Production Region Korea, Saudi Arabia, India, USA, Australia

Electricity Source Grid (Gray), Renewable (Green)

Transport Method Pipeline, GH; Truck, LH, Truck, LH, Carrier

End Use RoPax Ferry, LH, Carrier

H D HYUNDAI
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Case1 : RoPax Ferry (short-sea) ;“cg"",;';gg;'r,#";,,mm,@

Vessel Specification Propulsion Systems (5 Cases)
b) RoPax-2a: (L)H2-powered gens 2 a
Case Propulsion System Fuel
1 2*Diesel ME + 3*Diesel GE Diesel
2a 6*H2 GE (Elec.Prop.)
2b 6*PEMFC (Elec.Prop.) H2
Case Target 2c 3*H2 GE + 3*PEMFC (Elec.Prop.)
: 3a RE (2 charge/day)
Name Queen Jenuvia Battery (Elec.Prop.)
IMO No. 9867475 3b RE (1 charge/day)
Tonnage 27 391 ton ME: Main Engine, GE: Genset Engine, PEMFC: PEM Fuel Cell, RE: Renewable Electricity
Cargo 1,284 passengers + 3,695 ton a) RoPax-1: Fossil reference - 1
AC
- — i Onshore DC 12
Route (one-way) Mokpo — Jeju (5 hr) oo 7| T -““ i
Speed Max. 24 kts <l | Begely
¥
(a) RoPax ferry: operational profile L'Eggei:?l E
_ 15 e Prnpl{lsion powler ¥ - _E
20 = Ao s s ol am ey Jt X
§ 5 —— HFO heating power an H:j:]‘ - -t mi
8 ' WH o :rantan
o ’Ju lh= Diesel geanets o i
0 5 10 15 20 25 30 Aux =] 8
Time (hours @ Boiler m HFO
Source: Operational Management Regulation for Ro-Pax, @ T pn:::::;on
Queen Jenuvia, Seaworld High-speed Ferry co., 2020 Main engine Htx] wHRH
HYUNDAI &
HEAVY INDUSTRIES Main engine
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Case1 : RoPax Ferry — H2 supply pathways (WtT)
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Y HD

Imported H2 (+T&D by RE) are the most optimal (PW-8,9)
- All H2 transported & distributed through grid electricity are fail to meet GHG limit
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Pathwa.y GH.G' Reasoning / NZF Impact

Scenario Compliance
Dom./Import . - L
T&D by Grid FAIL Sggivli‘(?s‘:illebcggltiyr/‘ern|x raises WiT GHG
(PW-2, 6, 7) '

Most H, Compliant with GFI direct targets;
PASS . ’
Pathways generates surplus Tier-2 credits.
Import - . .

T&D by RE OPTIMAL E(I;g:bli for':]r:gfh NZII; relwards, narrowing the

(PW-8, 9) gap with fossil fuels.

A 1. Domestic - Green - T&D(GRID) - Pipeline - GH2 loading

A 2. Domestic - Blue(ATR 94.5%, GRID) - T&D(GRID) - GH2 Truck 1300kg - GH2 loading

3. Domestic - Green - T&D(RE) - Pipeline - GH2 loading

A 4. Domestic - Blue(ATR 94.5%, RE) - T&D(RE) - GH2 Truck 1300kg - GH2 loading

A 5. Domestic - Blue(ATR 94.5%, RE) - T&D(RE) - LH2 Truck - LH2 loading

A 6.IN - Green - T&D(GRID) - LH2Carrier - LH2 loading

A 7. SA-Blue(SMR 90%) - T&D(GRID) - LH2Carrier - LH2 loading

A 8.IN-Green - T&D(RE) - LH2Carrier - LH2 loading

A 9. SA-Blue(ATR 94.5%, RE) - T&D(RE) - LH2Carrier - LH2 loading




Case1 : RoPax Ferry — Annual Cost Comparison ;“cg"",;';g"g",'r,#";,,mAM,c's)

Fuel cost dominates economics (Fuel >> NZF penalty > CAPEX/OPEX)

- Battery & Diesel are economic (but, battery sacrifices ~20% of payloads in weight) %ﬁ :b@ e il il ;
- In case of H2, fuel pathway is dominant, and technology becomes minor
- H2 becomes economic if fuel cost 25%], and battery loses economic if NZF penalty is decreased to 200 USD/tCO2eq.
60 —
® Net costs OPEX B Fuel/Energy costs NZF Tier2 costs (380 USD/tcozeq)
40,,’,: 50 1 mmm cAPEX P Lost cargo mmm NZF Tierl costs (100 USD/tcozeq)
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Case2 : LH2 Carrier (ocean-going)

Vessel Specification

Propulsion Systems (5 Cases)

Case Propulsion System Fuel
I + 2*Di .
1 1*Diesel ME+ 3*Diesel GE | Diesel 2a/b
2a Diesel + H2 (BOG only) h)Lnjcl-:l/b:H1geme(swithuut/wi!hLHzevnpuuﬁen
1*Diesel ME + 3*H2 GE i
2b Diesel + H2 (BOG&Evap.)
3a 2 GE( ) Diesel + H2 (BOG only)
Case Target 4*H E EleC.PrOp.
9 3b H2 (BOG&Evap.)
Cargo 80000 m3 (LH2 Refrig.) M2 GE + 2*PEMFC
Route (one-way) AUS-KOR (13.5 days) ME: Main Engine, GE: Genset Engine, PEMFC: PEM Fuel Cell (H2)
Speed 15 kis | a)LH2C1: Fossil reference |
(b) LH2 carrier: operational profile i E
1001 —— Propulsion power : [ | E
= 751 —— Aucxiliary power E ; E
2 i 1
E 5.0 l—\_ E ] L 7 E
% 25 = : T Diesel : El-i- I
001 _l |_’ i 5 BemandY i
0 100 200 30011me (:ggrs) 500 600 700 i .‘ HDieSEIg'egsets = A i
(c) LH2 carrier: boil-off profile i LH2 tanks ¥ :
g 300 E I'cx] 8 ™~ l%l' Propulsion i
% 200 E Diesel gensets | | | Mot/Gen Demand E
3 0 a A i
~ i |visFo i
T 0 E tank Main engine H
’ 0 100 200 300 400 500 600 700 :_________________________________________________________________________________________:

-
w

Time (hours)
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Case2 : LH2 Carrier — H2 supply pathways (WitT)
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LCOH [$/MJyy,]

Y HD
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Imported H2 (+T&D by RE) are the most optimal (PW-2,4,6,8,10)
- All H2 transported & distributed through grid electricity are fail to meet GHG limit

Pathwa.y GH.G Reasoning / NZF Impact
Scenario Compliance
T&D by Grid FAIL Grid T&D electricity mix raises WtT GHG
(PW-1,3,5,7,9) above fossil baseline.
T&D by RE Pass Eligible for high NZF rewards, narrowing the

(PW-2,4,6,8,10)

cost gap with fossil fuels.
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. SA - Green - T&D(GRID) - LH2Carrier - LH2 loading

SA - Green - T&D(RE) - LH2Carrier - LH2 loading

. SA - Blug(SMR 90%) - T&D(GRID) - LH2Carrier - LH2 loading

. SA - Blue(ATR 94.5%, RE) - T&D(RE) - LH2Carrier - LH2 loading

. IN - Green - T&D(GRID) - LH2Carrier - LH2 loading

. IN - Green - T&D(RE) - LH2Carrier - LH2 loading

. US - Blue(SMR 90%) - T&D(GRID) - LH2Carrier - LH2 loading

8. US - Blue(ATR 94.5%, RE) - T&D(RE) - LH2Carrier - LH2 loading
9. AU - Blue(SMR 90%) - T&D(GRID) - LH2Carrier - LH2 loading

10. AU - Blue(ATR 94.5%, RE) - T&D(RE) - LH2Carrier - LH2 loading




Case2 : LH2 Carrier—- Annual Cost Comparison E“c'é""i?g;?fﬁ%\fNAM'c’s)

H2 BOG used as a fuel is always beneficial e
Aﬁs S

- H2 becomes more economic if diesel usage is minimized

A Il

(
|-
Propulsion &
(Dual-Fuel) Onboard Power

- In case of H2, fuel pathway is dominant, and technology becomes minor

Natural Boil-Off:
0.26% / day Ho-G

enset

- NZF penalty should be under consideration as it determines the diesel fuel ratio FECags
40
® Netcosts WEM Fuel costs WM NZF Tierl costs (100 USD/tcozeq)
- Emm CAPEX LH2 costs NZF Tier2 costs (380 USD/tcozeq)
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Summary & Conclusion ECO MOBILITY DYNAM'cs)

Technology is ready, but Fuel pathway & Policy should be clear

- Hydrogen economy is very sensitive to fuel pathway and policy rather than technology

- There is no best technology for all vessel. It will be diversified for individual vessels.

Ocean-going + Infrastructure/Regulation Deficient Ocean-going + Robust Infrastructure/Regulation

Hybrid BOG Utiization & EEETA Al-Hydrogen Hybrid Propuision 4

(PEMFC + ICE)

e

[EtETe ) Minimize risks by passively using 4l Leverage immense credit rewards to
Natural Boil-Off Gas (BOG) only in an = aggressively boil-off (evaporate) cargo
H2 engine, while retaining conventional «Z for full-hydrogen propuision operation.

Diesel as the main power.

Short-sea + Infrastructure/Regulation Deficient Short-sea + Robust Infrastructure/Regulation

(CYA 1414 Retain Conventional Diesel Engine (CYA+ X Battery Electric Propulsion or
! & Hydrogen Blend-ICE

Strategy Defer initial capital investment, Strategy: Battery is economical when renewable

y@SmRa responding gradually with biofu power is secured, but optimizing fo
g blending. II

cargo load capacity (weight m
Optimization can be done through LCA / TEA - Cooperation is essential !

constraint) is crucial.
) H D Hyunpai
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