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1. IMO and EU Regulatory Framework
|

Three Key Direction for Reduction on GHG Emissions from Ships by IMO and EU
«  Technical Measures(EEDI/EEXI), Operational Measures(SEEMP, CIl), Economic Measures(MBM-ECTS, Levy)

IMO and EU regulatory framework for GHG emissions reduction from international shipping

EU Emissions Trading System
Global market-based measure
*» Addresses: Ship/fleet GHG emissions - -

= Applicable measures: All GHG
reduction measures

FuelEU Maritime
Global GHG fuel standard

* Addresses: Fuel well-to-wake
GHG intensity

* Applicable measures:
Alternative fuels, shore
power, wind

IMO - adopted
IMO - proposed

EU - proposed
(Fit for 55)

Operational
requirement

asfen
b

o Design
Fleet emissions

requirement

GHG price

Carbon Intensity Indicator Ship Energy Efficiency
Management Plan

e Addresses: Actual carbon intensity » Addresses: ldeal carbon intensity

* Applicable measures: All measures * Addresses: Continuous improvement » Applicable measures: New ships:
except logistics * Applicable measures: All measures Hull, machinery, LNG, speed;
except logistics Existing ships: Speed, basic hull
improvements
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Source: DNV Maritime Forecast to 2050-Energy Transition Outlook 2022



1. IMO and EU Regulatory Framework
|

GHG Reduction Mechanism in the EU(1/2)
« EU-ETS and MRV(Measurement, Reporting, and Verification) Mechanism

EU ETS introduction timeline 3 MRV and ETS compliance cycle &
2023 2024 2025 2026 2027 2028
na o
on\_Nards reporting period
Ship sizes and type
Cargo/passenger ships (5000+ GT) S — | 1 April 2024
. ) A" I |
Offshore ships (5000+ GT) | | Submit Monitoring _
Plan t
Offshore and general cargo ships (400-5000 GT) administe:ngoauthority
To do every year
Greenhouse gases

Carbon dioxide (CO,)

: : Deadline for Deadline for reporting
Methane (CH_,': and Nitrous oxide (N?O) _ surrendering MRV ship reports and
allowances company ETS report
Phase-in o - . o o
Starting in 2025, the shipping company must submit a verified company emissions
a - - ;
% of emissions included in ETS scope v 100% 100% 100% report to the administering authority by 31 March each year based on MRV ship
emissions reports for the previous year, in line with a revised MRV monitoring plan
Reporting only (MRY) [N included in ETS scope required from 1 January 2024. This in practice means the ship emissions report needs

to be verified and submitted a month earlier than under the current MRV system.

Shipping companies with ships operating to or from ports in the EU or EEA will be

The necessary emission allowances are required to be surrendered to the

required to hold sufficient EUAs for the GHG emissions from ShipS under their control administering authority by 30 September each year. Failure to surrender allowances
and surrender these allowances to the authorities each year. These companies are within the deadline for a single ship can affect compliance for an entire fleet.
required to monitor, report and Verify the GHG emissions on an annual basis under the Companies that fail to surrender allowances are liable to an excess emissions penalty

EU MRV lati il T i . g d ) h I h d of 100 Euros per tonne of CO2, and are still liable for surrender of the required
regulation and this information is used to determine the allowances they nee allowances. Failure to comply for two or more consecutive periods may result in the

to surrender. ships of the company being banned from trading in the EU.

Source: DNV



1. IMO and EU Regulatory Framework

GHG Reduction Mechanism in the EU(2/2)

« EU, Fit for 55 — Target of reducing greenhouse gas emission by at least 55% across all sectors by the year 2030

Fit for 55: Y

L]
how th e E U Wi ll- tu rn The FuelEU maritime regulation o
- L] - -
climate goa Is into law will oblige !ressels above 5000 gross -
tonnes calling at European ports
(with exceptions such as fishing ships):
i Vessels >5000 of all ships of CO2
i grosstonnes emissions from
o, : the maritime
~ {“’v}f @ ] R - to reduce the greenhouse sector
B @ 0 FO eniissions = ) = gas intensity of the energy
trading system FOATE used on board as follows
Enel:gy Efforts _shanng
) efficiency - = == regulation
% - > a0 O Annual average carbon intensity reduction compared to the average in 2020
—1
Renewable 7 i E \ "‘
energy ’ How will the EU reduce its . ?::;‘3;‘;9 and 2% 6% 13% 26% 59% 75%
% / greenhouse gas emissions \ (LULUCF) o
° ’ by at least \ =l Y i R
= 55% 1 | -
\ | = ) R
e T 0 , | e
' by 2030°? ! Alternative fuels -- |
\ " / infrastructure
8 o o ~ > ’ 2025 2030 2035 2040 2045 2050
CO2 emission g =
standards for — T €
cars and vans e ﬁ
?"E % CS-"’T bo:der - from 2030, to connect to onshore power
adjustmen
T e O s supply for their electrical power needs
e R while moored at the quayside, unless they
maritioe fund use another zero-emission technology

Source: DNV



1. IMO and EU Regulatory Framework
|

MEPC 80 Session(uly 3to7, 2023) : IMO GHG Reduction Targets

*  GHG emissions from international shipping to reach net-zero by around 2050

IMO GHG Reduction Targets

20%, striving for 30% 2018-2023
2008 Benchmark TERIG5 Short-term measures
year
2 2023-2030
2 Uptake of zero or near-zero Mid-term measures
& ; GHG emission fuels at
2 FEHELOR @rC: least 5%, striving for 10% Beyond 2030
5 emissions per transport Long-Term measures
. work, by at least 40%,
% 60% 1 compared to 2008
L)
=
=
& 40%
=
o
= 70%, striving for 80% Reach net-zero GHG
reduction emissions by or around,
20% 4 i.e. close to 2050
0%
2000 2010 2020 2030 2040 2060
Year

Source: ABS, NEWS BRIEF MEPC 80



|
Green Shipping Corridors: Zero-emission maritime routes between two(or more) ports
Thirty green shipping corridor initiatives announced as of June 202

—a— 19
L —
—  _——————a
— S—_—
ks
= Port
Corridor

Source: DNV/(2023)

s " Seattle/Tacoma

== Port-to-port corridor

=

O o000 ) O O e L RS o=

Corridor metwork

Shanghai - Los Angelas (L&)
LA-Long Beach - Singapore

LA - Tokyo -Yokohama

Busan - Seattle/Tacoma

Pacific Morthweast - Alaska

S - Fiji — Panama

Gulf of Mexico

Graat Lakes - 5t Lawrance
Chileaan Grean Commidor Metwork
Antbwearp - Montreal
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2. Ship Propulsion Fuel Transition

Gothenburg - Rotterdam
Eurcpean Green Cormmidor Metwork
Turku - Stockholm (Decatrip)
Mordic Regional Cormidors

Suez Canal

SILK Alliance

Australia - East Asia lron Ore
Rotterdam - Algeciras™

QUAD Shipping Taskforoe®

G7 Cormmidors®



2. Ship Propulsion Fuel Transition
o
Ship Propulsion Fuel Transition
« LNG — Methanol — Hybrid(E-ammonia, Hydrogen, etc.)

Expectations of fuel adoption among those who
have a view,? %? of ships operated (n = 15)

SHIPS IN OPERATION SHIPS ON ORDER
/o oas% VAT 2 + W -
. conventional  conventional neear
World | fuel "I l-' fuel | Order I Green hydrogen
fleat | | | | | book [ E-ammonia
\ / Blue ammonia
I\ III |
/ V f
N\ /4 \ I / E-methanol
~ | |- ~ B Biomethanol
| [ Biodiesel
652% Total 51.3% Total
E-methane
Biomethane
B Liquefied natural gas
| I Fueloi
2.96% 0.26% 025%  0.05% 40.3% H.IH% 2.24% 0.80%
LNG Battery/Hybrid PG Methanol NG Methanol PG Battery/Hybrid

2030 2050

Source: DNV(2023), Mckinsey(2023.4)



2. Ship Propulsion Fuel Transition

CO:2 Emissions of Fuel Alternatives in Shipping
*  GHG performance during Well-to-Tank and Tank-to-Wake(=Tank-to-Propeller)

Greenhouse gas performance during production and on board TTP-Tankto propeller ~ » WTT-Well to tank

OIHLJEHHFO} -
Qil fuel (MGO

)
LNG (from Qatar used in Europe)
)

LNG (from Qatar used in Qatar
LPG
Methanol (from CH,) . | [ g
Methanol (from black liquor) s ? | 5 -
Biodiesel _
Biogas (97% methane - liquefied) |

Hydrogen (liquid -from CH,) —
Hydrogen (liquid - from water) |

10 20 30 40 50 40 70 80 90 100
CO, emissions; g/MJ

Source: V. Efecan, E. Gurgen, Investigation of the usability of renewable energy in maritime transportation, Mersin University Journal of Maritime Faculty, December 2019



3. Logistics Changes Due to Fuel Transition

|
Changes in Production-Storage-Shipping Logistics due to Ship Fuel Transition
Financial Institutions Cargo Owner Shipowner Fuel Producer Fuel Distributor
e e o e BN =
l\r’”’ ‘&_ \\ _//l \_ _

B
I
— _-/

L _ =)

| - | il
N2 i i
Authorities Port (fuel bunkering)
Green Shipping Corridors
Fuel Type Production Technology Port Facilities Maritime Transportation(Ship)
Qil Drilling, Refining HFO, MDO Bunkering Facilities Diesel Engine, Steam Turbine
Liquefaction Facilities Cargo Containment System(-163°C)
LNG Gas Production Facilities LNG Bunkering Facilities Fuel Gas Supply System
LNG Handling Facilities Dual Fuel Engine
NH3 Green Ammonia Production Storage. Bunkerina. Handling Eacilities Required Conversion of LPG Transport Ships to Ammonia
(Ammonia) Facilities Required J¢ J J d Transport Ships, -33°C
LH2 : : : : -
(Liquid Greeq Hydroggn Liquefaction, Bunkering, Ha_ndllng Facilities CCS, FGSS, Engine Development Required (-252°C)
Hydrogen) Production Required (Currently Nonexistent)
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Source: DNV(2023), Written by Eon-Kyung Lee(KMI) and Prof. Sewon Kim(University of Sejong)



3. Logistics Changes Due to Fuel Transition

Seven Logistics Challenges to Address Due to Ship Fuel Transition

(D Carbon-Neutral Fuel Supply @ Ship Engine and (® Transport Containers
and Demand Outlook Technology Changes Development
Financial Institutions Cargo Owner Shipowner Fuel Producer Fuel Distributor

& - - @ Port
r\ L AL Facility
-~ - “I )E /") Changes
/ AL, - m g - : M = /HJE?\"'
Auth;rities Port (fuel_l;u_nkering)
Green Shipping Corridors
@ Carbon Reduction ® Risk Monitoring of the (® Maritime Transport
Monitoring Entire Supply Chain Routes Changes
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Source: DNV(2023), Written by Eon-Kyung Lee(KMI) and Prof. Sewon Kim(University of Sejong)



4. Challenges in the Future Maritime Logistics Industry
|

@ Outlook on Carbon-Neutral Fuel Production and Demand
« Exploration of variables impacting prices, supply & demand for shipping carbon-neutral fuels
« Estimated supply and demand of carbon-neutral fuels, and price prediction

Cross-sector supply of carbon-neutral fuels vs. total shipping demand

“ Units: Million tonnes of oil equivalent (Mtoe)

ol 3% Ship-
BN ping's
) share of

b International Oil Prices Consumer Price Index - High global

. Disruptions 60 32: gy
120 ‘ . :

o | .GlobfaIIFmanclaI | 280

Crisis(08.9) I\ A A Mtoe
. . [ v Russia-Ukraine 50
‘ (SCira ConfictZ2.2) Estimated supply of
. 1 TrdeWarfh])  COVDY 20 carbon-neutral fuels to all sectors Low
| /| Onset(19.12)

30 [
) /

o 30
Y W) . I
) //\/f\""\ M _— I ‘ 20

o, China'sWT0 gggggzesensoyNnnnannssennrer oo i | L -
: 40 .
c Accession(01.11) Transport Demand 10 Estimated demand from
R E R R I R I L R R R S T R R F AT L EEEEE EFER IR shipping for carbon-neutral
==Dubai ——Brent —WTl fuels
0
2024 2025 2026 2027 2028 2029 2030
12

Source: DNV(2023), Eon-Kyung Lee Revised based on “Logistics Trend 2023”



4. Challenges of the Future Maritime Logistics Industry
S .
@ Ship Engine and Technology Changes
 Development of large ship engines and propulsion systems for eco-friendly fuels such as LNG, ammonia, and liquid hydrogen
 Development of maritime transport tanks, bunkering, and loading/unloading systems for ammonia and liquid hydrogen
* Introduction of New Propulsion Methods Such as Electric and Nuclear Propulsion

Dual and Triple- FueI Englne e NG /HREDN Development of NH, / LH'2 A Hybrid(Power Engines &
NH, / LH Engine Gas Injection Systems Batteries) Electric Propulsion
N g

e \ B~ = =
(f \ 7\ el By = \"

-i

Carbon-Neutral Small Nuclear Development of NH, / LH, _ Dévdiopmentol = d
Reactor Propulsion Transport Tanks , Hydrogen.Fuel-Cells

Source: Eon-Kyung Lee Revised based on “HD Hyundai Homepage”



4. Challenges of the Future Maritime Logistics Industry
- s

(3 Development of Transport Containers

Additional Safety Equipment

U
M

Ventilation Fan
with Gas Detector

« Cooling ISO Tank: Transporting
Food Products (Milk, Beer, etc.) and

th-cia] )8}
W, |
LT

Nitrogen Silencer IMO Type C Single Shell
Suppy (Only for ME-GI)

Secondary Battery Electrolytes

+ Cryogenic I1SO Tank: Transporting
Gases such as Hydrogen and Helium

2

’

‘.
i

BOG Handiing Equipment Option)

Gas IMO Type C Double Shell

FXFU 060181 9
2216

RID/ADR
UNPORTABLE TANK
TCIMPACT APPROVED

o W,
\ { Liquid,
\ | Vaaut

LNG Fuel Tank(w. Submerged Pump) HP Pump & HP Vaporizer(PVU)

Membrane

Main Engine

LNG, LH, FGSS Engine CCS

14
Source: Eon-Kyung Lee Revised based on “HD Hyundai, and cncryotank Homepage”



4. Challenges of the Future Maritime Logistics Industry
|

@ Port Facility Changes

« |Implementation of Infrastructure Projects for Storage, Distribution, and Bunkering Based on Alternative Fuel Types

Fuel types Distribution and storage Bunkering infrastructure

Fuel oils Can use existing distribution and Can use existing bunkerin
(e-diesel, storage facilities for conventional |. g g
bio-diesel ) fel infrastructure

Gaseous fuels e

(e-methane, Can use existing distribution and Can use existing LNG infrastructure

bio-methane) storage facilities for LNG

Successful demonstration bunkering

Methanol Existing storage and distribution  [SEEEIUIEREL IR RS SR LT

RO M infrastructure: methanol terminals, el X

biO-methanOI) already traded by Ships Partla"y deve'oped bunkering

infrastructure.

Ammonia Existing storage and distribution  |No bunkering infrastructure today, and

(e-ammonia, infrastructure: ammonia terminals, |no bunkering operations demonstrated.

blue ammonia) EUCERAIERERR GRS I[ok Barriers remaining to be solved.

Hydrogen No existing bunkering infrastructure
No existing distribution ,

(e-hydrogen, § Local bunkering demonstrated.
infrastructure

blue hydrogen)

Barriers remaining to be solved.

Source: DNV(2023), IMO FFT(2023)



4. Challenges of the Future Maritime Logistics Industry
S
® Changes in Maritime Transport Routes for Carbon-Neutral Fuel Propulsion Ship
« Comparison Simulation of Liquid Hydrogen Transport from Russia to South Korea: NSR vs. SCR
« Liquid hydrogen has a higher boil-off rate (BOR) compared to LNG and operates at lower temperatures, favoring NSR.
« Transportation costs on NSR are at least $3 million lower in winter and up to $5 million lower in summer compared to SCR

Suez Canal Route| North Sea Route(Winter) | North Sea Route(Summer)
Speed
(knot) Voyage Voyage Voyage
Expense Expense Expense
15

SCR NCR 7.03 2.21 4.82 1.85 5.18

Distance(Nautical Mile) 13700 4,900 16 6.59 2.07 4.52 1.74 4.85
Voyage Period(at 15 knot) 38day 14day 17 6.2 1.95 4.25 1.64 4.56
Summer Average Temperature 35°C 0°C 18 5.86 1.84 4.02 1.54 4.32
Winter Average Temperature 35°C -40°C 19 5.55 1.74 3.81 146 4.09

16
Source: Sewon Kim, Jisung Jo, et. al. (2021), Autonomous Vessel Voyage Planning Modeling in Northern Sea Route with Liquid Hydrogen Transportation and Propulsion, LOGMS 2021. revised by Eon-Kyung Lee)



4. Challenges of the Future Maritime Logistics Industry

® Risk Monitoring of the Entire Supply Chain

»  Monitoring and mitigation measures for safety incidents, including explosions,

*  One killed as ship carrying 3,000 cars catches fire off during maritime shipping

Dutch coast (July 26, 2023)

AH&

<« (ulattian
Beeld Kustwachtvhegtulg vy

ele story VESSEL SCHEDULE RISK MONITORING siGNoul & ®i0) wlo]

RISK MONITORING

Category Searching word
for test
I New Risk
Category Event Severity
T i .
— yphoon Megi Slams Into Taiwan.(Only for test) {"J HIGH
oy Event 08.May, 2023 20:00 Updated 08.May, 2023 071 Expiry 17.May, 2023 20:00

# 0ast hasbeen buming Bl ¢ " | o Mttt Sl
formore than 24 hours, e

Source: Jisung Jo,Eon-Kyung Lee, and Heyri Park, “Advancement of Smart Console Center Platform - Establishment of Disaster and Emergency Monitoring System”, KMI, 2023 Ongoing Research Report; https://www.theguardian.com/world/2023/jul/26/cargo- 17
ship-fire-off-dutch-coast




4. Challenges of the Future Maritime Logistics Industry

- s
@ Carbon Reduction Monitoring for Alternative Fuel Propulsion Ship

 Monitoring CO2 emissions for Carbon-Neutral Fuel Propulsion vessels based on ship operations digital twin

‘ Fuel Consumption= Y = ' ’ rocess ' '

CO:2 Emissions « Fuel Consumption = = T

Carbon Intensity Indicator\/

g C”_100—Z (Fuel Consumption xCarbon Factor)
e i o 100 CapacityxDistance
"‘f’;arbon Emission Prediction Z: IMO Yearly Reduction Index, Fuel Consumption: Operational Fuel Consumption

Carbon Factor. Fuel Carbon Content, Capacity: Deadweight, Distance: Operational Distance

18
Source: Written by Eon-Kyung Lee(KMI) and Prof. Sewon Kim(University of Sejong)



Thank You

eklee@kmi.re.kr
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