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IMO REGULATIONS

Addressing climate change
Over a decade of regulatory action to cut GHG emissions from shipping

- Revised procedure on 2023 IMO Strategy + Review of short-term
. ot on reduction of measure Net-zero GHG
Committee outputs assessment ofimpacts  gyG emissions + Approval of basket of emissions by or
e 5"’("95 on of mid gty mid-term measures ol
- Consideration of mid- e,
term measures - LCA guidelines + 40% reduction of CO per  ©1°%° 10 2050
Energy efficiency
regulations « Biofuels circular transport work
- ol R
for ships: EEDI Initial IMO Strategy on Shortterm Coondhuntiie St/? qpta'ke :1:; zero-emission fuels,
and SEEMP reduction of GHG P! striving for 0%
measure: EEXI, Cll impact + Indicative checkpoint: 20%
assessment reduction of the total annual GHG,

l 1 striving for 30%

IMI® ==

DCS regulations emissions from ships

2011|2012 |2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Implementation oo Fuel consumption Fiiio EEXI survey Indicative checkpoint:
report to DCS GHG Study 70% reduction of the
GHG Study total annual GHG,

Collection of v
striving for 80% Allships are required
EEDI and SEEMP carbon intensity 9 : I (seraaits
Aggregated data (ClI) for ENTERED Attained Energy
results of the existing ships INTO FORCE Ei=Eny
2019 fuel \

v
S consumption
Gl EEDI Phase 1 EEDI Phase2 data | a . 5 ‘
decision making

EEDI phase 3 for remaining

strategic objectives ship types \ A
i e IMPROVE ﬁﬂ 4 REVIEW THE EFFECTIVENESS
0

EEDI Phase 3 for certain il S ~ THE CARBON
7

ship types INTENSITY
Do o9

IMO Carbon Intensity Indicator (CII) «

Internati ippil issi trajectories to 2050 with interim targets
for absolute emissions reductions

According to the IMO requirement, the carbon intensity indicator, Cll is defined as follows,*

COZ2 Emitted, g
Deadweight, ton + Distance ,N.Miles

Carbon Intensity Indicator,CII =

2008 baseline N
o e e e inferior boundary n

Source: ICCT
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Source: IMO




IMO LCA -
WELL TO WAKE

Gram CO, eq. per kWh - GWP100
MGO (DF-Otto engine)

WTW with Diesel and Dual Fuel Otto 2-stroke engines
—EEE
MGO (DF-Diesel engine)

Global warming potential over a 100-year
time-horizon (GWP100)

577

541

LNG (DF-Otto engine)
g("()ze (100y) = 1X gCOZ + 28 X gCH4 + 265 X gNzo)

[ LNG (DF-Diesel engine)

How to measure
=36
===

Well-to-Wake: From a fuel production to fuel consumption to operate ship.

Well-to-Tank: From a fuel production to a fuel tank of ship.

“Well to Wake”?

MGO (Diesel engine)

Difficult to track
541
VLSFO (Diesel engine) .

HFO&Scrubber (Diesel engine)

Case 1 : MGO Fueled Ship

-
2 oS
Oil exiraction,

production /

Tank-to-Wake: From a fuel tank of ship to fuel consumption to operate ship.

o R -
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Source: Sang Soo Hwang, et. al., 2020

Fusled Ship

LNG (DF-Diesel engine)
Hydrogan

Tank to Wake

MGO (Diesel engine)

-
VLSFO (Diesel engine)

Source: Elizabeth Lindstad et.al,,
Decarbonizing Maritime Transport:

The Importance of Engine Technology
101
HFO&Scrubber (Diesel engine)
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and Regulations for LNG to Serve as a
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Transition Fuel, 2020
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EU MRV & ETS

EU ETS Extension to Maritime Transport o
Introduction Timeline

[ s | e | oo | ame | o | awse |
Ship sizes and types MRV review ETS review
Cargo [ passenger ships* First surrounding year
(5000 + GT) on 2024 emissions
Offshore ships First surrounding year
(5000 + GT) = on 2027 emissions
Offshore and general =3 f he EUETS to b ered
cargo ships (400 - 5000 GT) ||

Greenhouse Gases

|
Nitrous Oxide (N,0)
— Source: DNV

Phase-in —

% of emissions to be

surrendered as per the [ 40% 70% 100% 100% 100%

EU ETS Directive

*Ships already covered today by the EU MRV regulation Under MRY scope  Under MRV and EU ETS scope:

Trade DRY REEFER
Surcharge per TEU in EUR Surcharge per TEU in EUR
Central America/West Coast South America to €43 £61
Europe North/South, North Africa, East Med
Central America/West Coast South €70 €88 0 ‘A. A
America/East Coast South America to Mayotte Oct 18, 2024
Central America/West Coast South €119 €137 “
America/East Coast South America to Reunion
East Coast South America to Europe €29 €43
North/South, North Africa, East Med

N e I
AN

Source: https://www.cma-cgm.com/local/brazil/news/543/customer-advisory-ets-
surcharge
Source: STATISTA




FuelEU REGULATIONS

FuelEU Maritime compliance cycle

31 August 2024 / two
months after first port call

Submit Monitoring Plan
to Verifier

The FEM MP is separate
from the MRV/ETS MP

1 January — 31

December 31 December

’ 5 End of reporting period
Reporting period

By 30 June
No deficit: Verifier issues DoC

Deficit: Authority issues DoC
after receipt of penalty payment

By 31 January

Company submits FuelEU
Report to Verifier

Verification period

Calendar year following the reporting period

Includes GHG
intensity, energy
use, compliance

balance and non-
compliant port calls

Before 1 May
Verifier records verified
compliance balance and hours
of non-compliant port calls and
penalty in FuelEU Database

By 30 April

Company declares banking,
borrowing and pooling in the
FuelEU Database

Selected Verifier records pool
composition

The penalty:

EUR 2,400 per ton of VLSFO-equivalent.

By 31 March
Verifier records the FuelEU

Report in the FuelEU
Database

Includes allocation of the total
pool compliance balance to
each individual ship

EE___ Cons

hydrogen

Less initial investment
Room temperature

Very low SOX emission
Low fuel cost
Boil off rate <0.15%

Less investment than LNG

Extensive experience

No CO2 emission

Cleaner

No CO2 emission

High energy density

High  boil off rate
(>1.0%/day)

Less economical

Economical

High initial investment cost

High LNG storage tank price.

LNG bunkering infrastructure is n
eed.

Applicable to large vessels

High fuel price

LPG infrastructure is necessary

High fuel cost

Separate Low temperature tank
Toxic material

Not economical so far

High investment

Extreme low temperature and da
ngers (cracks, explosion)

Special material for material and
welding.

High cost for infrastructure.

Low volumetric efficiency

Marine engine is under develop
ment




E-METHANOL OR E-AMMONIA? lectricity price, USD/MWh

* Korea: 108
* China: 86

* Price of e-Methanol or e-Ammonia by renewable energy is still high : USA:. . 150
* It will take some time to be a reasonable price level, as electricity price is more Saudi Arabia: 48
than USD100/MWh for OECD countries. Japan: 245

e-Methanol production cost (€/t)
w/o transport and distribution cost to Europe

: Cost in
l | 2020

1,200
Locations with favorable wind 4500 h/a

power conditions in Europe Load factor of e
synthesis plant '

6100 h/a
$800

Price range for biofuels with 5600
comparable CO, footprint 1

ol Grey Ammonia:
200-600 US$/t
historical price

$400

Levelized Cost of Ammonia [USS/t)

; . 600 00
Required premium .

price level for 55 |

<0
green methanol

20 40 (4] 80

400 Price of Electricity [USS/MWh]
Market price range for black methanol

300

Source: Semens. Assumptions: 2020 Prices. WACC 8%, Aboveground hwdrogen storage (2 days)
based on high HB flexiblity.* HB | ASU CAPFEX based on GO0 MTPD." No ammonsa storage or
transport considersd

Source: Siemens-energy.com, e-Methanol, e-Ammonia, 2021




EU DIGITAL PRODUCT EU CBAM
PASSPORT (DPP

BRAND/DESIGNER 21 October 2023 31 December 2024 | 30 June 2025 31 January 2026 1 January 2030
» Origin of raw materials The first reporting period Deadline for filing Deadline for De""id""eofaﬂ.{\;:'”g CBAM _aDD_“EdS t? _ihle
» Recydled vs. virgin begins. The declarant is the EC report on launching a the last remtalnlng l? CLI{S "?h
» Resource consumption liable to file quarterly extending the statement of report Sogors, noluding hiose
CBAM reports only. operation of the emissions governed by Directive
MANUFACTURER Regulation calculation 2003/87/EC.

RAWMATERIAL | + Water usage
PRODUCER = Emissions
= Waste First

« Deforestation « Water and ground
+ Emissions o s reporting Transition period
« Waterand ground /¢ period

contamination

https://mindlink.lv

CBAM timeline

|31 January 2024 1 January 202_5 . 1 January 2026

| Deadline for filing The CBAM register is set CBAM takes full effect.
the first CBAM up. Registration of Annual CBAM

| report authorised declarants declarations and

begins. certificates become

DISTRIBUTOR mandatory.

» Transport emissions
« Packaging
COLLECTOR/RECYCLER/ : s{Eco-)labals
REFURBISHER/ - » Waste generation
REMANUFACTURER EU Carbon Border Adjustment Mechanism simplified illustration
= Disassembly instructions
= Recycling instructions
= Repair history

(RE-) USER/REPAIRER

=« Product impact

= User manual

= Repair instructions

= Disposal instructions

EU Buyer (I rter) EU Supplier*

yermp 7 PP
e CBAM authorization e CBAM not applicable
e Annual CBAM declaration

CBAM certificate
to import

* Including goods originating from Iceland, Li in, Norway, and
Source: The Conference Board, 2022




USA CBAM

CLEAN COMPETITION
ACT (CCA), DECEMBER
2023

Covered Products: Fossil fuels, refined
petroleum products, petrochemicals,
fertilizer, hydrogen, adipic acid, cement,
iron and steel, aluminum, glass, pulp
and paper, and ethanol, CO2, CH4,
N20, HFCs, PFCs, SF6

Impose a price of $55 per ton of extra
carbon dioxide in both imported and
domestic covered products, above the
average amount of carbon it takes to
make that product in America.

Use the carbon fee revenue to help
reduce carbon pollution further.

Fair, Affordable, Innovative,
and Resilient Transition and
Competition Act (FAIR Act)

* Estimating the costs for
American companies to meet the
regulations that reduce their
carbon pollution and applying
that cost to foreign competitors
to balance the playing field.

e Use the carbon fee revenue to
help reduce carbon pollution
further. The Foreign Pollution
Fee Act does not specify how to
use the revenue

* Global Arrangement on Sustainable Steel and
Aluminum (GASSA)

* MARKET CHOICE Act

* Energy Innovation and Carbon Dividend Act

* PROVE IT Act

FOREIGN POLLUTION
FEE ACT

* Covered Products:
Aluminum, biofuels, cement,
crude oil, glass, hydrogen,
methanol, ammonia, iron,
steel, lithium-ion batteries,
critical minerals, natural gas,
plastics, petrochemicals,
pulp and paper, refined
petroleum products, solar
cells and panels, wind
turbines, CO2, CH4, N20,
HFCs, PFCs, SF6

e Scientists with performing
economic modeling




EU VS. US CBAM
.
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NICN60

ClOJE =&l ofe
Hi &= 2k A= %OH
Of Sl A XFO| A -
20254 7iEH¢

2027'4; E’S%*I

Percentage of emissions

Influences Complements
T‘ m _ ISSB B Scope 2 and 3 Upstream (supply chain) HScope 1 Scope 3 downstream (Product Use)

The ISSE's proposed Exposure Nov 2021, COP26 announced Mar 2022, IFRS and GRI TCFD(2021. 10), “Guidance on Metrics, Targets, and Transition Plans”

Draft 52 Climate-related faunch of ISSB announced MoU
Disclosures, built on the 11 TCFD Seeks to establish a glabal A collaboration agreement to
recommendations. The ISSB baseline for sustainability coordinate their work programmes
requirements fall under the same reporting. Applies the and standard-setting activities. GRI
4 pillars of the TCFD, financial materiality concept. applies the impact materiality gCOPE 3 UPSTRE,,,

T concept.
- I F S B i
1. Purchased goods & 4. Transportation &

Caonsolidated A not-for-profit, public interest Consolidated services distribution
organisation established to develop REPORTING COMPANY
l enforceable and globally accepted | OPERATIONS

; el fidies N\, Eaet

accounting and sustainability disclosure 1

ctandaris. A VALUE i @ x (|
_ FOGNBATIO

)

FOUNDATION 3.Fuel&energy 2. Capilal 6. Business 5. Waste
related goods travel generated in
activities operations

9.T g of sold
Consolidated Q distribution products
ﬁﬁ o=

L.

(4 7. Employee
Established
Company Company commiuting
] facilities gas, fuel  vehicles

of refrigerants

% |R : 11. Use of sold 12. End of life 13. Leased
S products treatment of sold assets

N ' @ L
““ Dp SASB INTEGRATED prodicts
INgIoE REPORTING 4

w
A not-for-profit organisation that runs Aug 2022, IFRS Foundation assumed
a leading global framewark for responsibility for SASB Standards
environmental reporting. ISSB committed to building on the SASB Electricity,
Standards and embedding its industry- district heating, 14. Franchises 15. Investments
based approach to standards steam
development.




BIG DATA ANALYTICS




200+

Combined Man-Years
of Domain Experience

AllSeaData

A MARINE BIG DATA COMPANY

3.0+

Billion Data Points for
GHG Emissions
Assessment

2.6+

Million Real Routes

of Ships Positions

and Environmental
Loads

3

Korean
National Awards
in 2021 and 2022

1977~ 1981 Seoul National

Univ., BSc.

1982 — 1984 Seoul National

Univ., MSc.

1988 — 1991 Newcastle Univ.,

Ph.D.

1981 — 2019 Head of Central

R&D Institute, DSME

1998 — 2012 VP. Of DNV

2020 —present Founder &
CEO of All Sea Data Inc.

5

Patents on Maritime
Big Data Analytics




SUPPLY CHAIN BIG DATA BY ALL SEA DATA

3.0+ bil.
Data

Supply Chain

Z=9 =X DB

HMA St S 23 7| g DB
3|H/=d &= DB

XA == 7| DB
AR 7tS 7|

AR Ol5 g, Met
HNA =25

HHA &S87] 270"
HSZ|& M&tS2 7+4 DB
el ST B8 Z=AL DB
T=% ZAl, =7t DB

Oil & gas, HO|HX| EHE

No.
5,700+
40,000+
50+

100,000+

600+
65,000+
45,000+

422,000+
500,000+7

7708+

200,000+

24,000+

2.6+ mil.
Route Data

Vessel

Shipyard

Plant

Authority

5
Big Data Patents

Owner

Manager

Broker

Equipment

Mineral

Investor

Big Data

by

Banks

All Sea Data

Insurance

Supply Chain

Route/
Port

Scrap

Maritime
Industry

Airport/
Airplane

3

National Awards
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CO2 ASSESSMENT

Ship Particulars

breadth depth draught v design
_knots

imo type category dwt teu lbp

-~

' - Oil Tanker Small 11548

builder

0 132.80 2124 10.72 7.31 14.00

Builder Country owner
-~

Weather Condtions Encountered

Hwave_avg Hwave max Vavg Vmax Vwind_avg Distance, mile

0.66 300 231 1281 5.57 20,100.80

Estimated Time Analysis

operation_ anchor_hour ballast_hour berth_hour loaded_hour sea hour
hour

v

5279 1816

FOC calm_ FOC wave FOC wind FOC aux FOC_boiler FOC_me

water
v

504.27 126.76 : 654.94 2,024.73

. Cll (o]} cl

* Cll Improvement
e Ship Performance score
e Ship Operation Efficiency score

- Estimated Cll Value and Its Components

Clicalm CH cn Cll auxiliary Cll Cll_main
estimated est/req grade water wave wind engine boiler engine
-~

26.47 1.60 E 6.02 1.51

_Estimated Cll Values of Ship in Operation

: Cll_anchor Cll_berth Cll _sea

12.25 3.02 11.20

Estimated Score of Ship Performance (1 - 5)

B Peer group Score Cll  Score ship Score calm water Score wave

1846 1 1 1 1

Estimated Score of Ship Opreration Efficiency (1 - 5)

B Peer group Score Operation Score EEOIl  Score anchor  Score loaded  Score route

1846 1 1

CO2 calm_ CO2 wind CO2 wave CO2_ auxiliary CO2 boiler CO2_main CO2_total

| water engine engine

1,588.96 2,544.14 1,772.04 2,063.72




BIG DATA ANALYTICS FOR ACCURATE CO2 EMISSION ESTIMATION

115K Tanker ME DFOC POWer due to W|nd

150000

CO2 emission assessment for the
global fleet analytics.

Precise calculations of CO2

emissions using big data from [
over 3 billion data points of actual 81K Bulk ME DFOC
ship routes.

In-depth analysis of CO2 emission

components considering ship

performance in both calm and e
rough sea conditions.

2800TEU ME FOC

Assessment of ship operational
performance including optimal
routing, port operations, and fleet
management.




DATA ANALYSIS: A MR TANKER CASE

Time Series Analysis of the Vessel

Draught, m

+]

Sum of draught

2023 92 20231 1. 20234 1. 20239 1.

time_stamp

Wave height, m
4

o
>
o
=
=
- =
k=
E
=
vy

CO2. ton Wind speed, knot

100

Average of CO2_total
Sum of WV_knots




Wave Energy | | | | Wind Enefgy

291/291 displayed . . . . . - 291/291 displayed 580 1.74k 290k  4.06k _ 5.22k __5.80k
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Cll IMPROVEMENT BY ROOT CAUSE ANALYSIS

Ship particulars and engine data II"II IH
Environmental loads ] ‘

| | . Root Cause of ClI
IS data | il
Minimum CII, EEOI, Time, FOC, 1Ay Aol Gl ocean)

EtC . ' Cll wave breaking *

Clodded”™
Optimum fleet management . _ | : T
! Cll_calm water (hull form, _ANengL
Strategy == appendage, bulbous bow,

wave making)
Cll_berth

Assumulated FOC-AIL ton Assumulated FOC -Seagoing. ton
° Water @V ®Wind @f ° ° Water @ Wave ®W

Reduce

; Speed?
Current CO2
Level ==t
' Trading Route
I I I I Change?
‘ Combined?
)]

' | FLEET ClIl OPTIMUM

FOC Components
FOC Components




VERIFICATION OF FUEL OIL CONSUMPTION

DFOC Actual




Multi-Objectives Route Selection (2.6+ Mil. Actual Routes)

Objective Functions Variables

Min. FOC * Ship type / Size

Min. Time * Departure time (season effect)
Min. ClII * Speed

Min. EEOI * Laden/Ballast

Min. CO2/TON * Weather forecasting accuracy
Min. CO2/TEU and period

Min. ETS Fee * Typhoon probability

ESG Scope 3 * ECA zones (NOx, SOx, Speed)

Routing based on weather forecast gives only a local
optimum
Benchmarking of competitor’s route selection ability




CO2 EMISSION: MR TANKERS SAMPLE

Max. 50% difference in
FOC and CO2 emissions

Ship Type DWT Time from Time to Port from Port to Voyage_day Distance_mile Avg_speed Avg_wave_h Avg_wind_speed Cll

Tanker(product oil)
Tanker(product oil)
Tanker(product oil)
Tanker(product oil)
Tanker(product oil)

Tanker(product oil)

Tanker(product oil)
Tanker(product oil)
Tanker(product oil)

Tanker(product oil)

Tanker(product oil)
Tanker(product oil)

Tanker(product oil)

Tanker(product oil)

Tanker(product oil)

49999
49995
50314
50550
49999

51218

46838
45500
49999

49999

49999
45634

49768

46925
50342

2021-04-27 7:51
2022-05-05 8:27
2021-07-11 2:47
2021-05-31 14:35
2022-09-29 11:41

2021-04-28 7:31

2021-04-23 0:01
2020-07-16 22:09
2021-03-29 19:00

2021-02-107:25

2021-05-04 4:46
2022-03-29 2:22

2021-09-30 7:33

2022-04-1916:21
2022-03-24 5:28

2021-05-22 22:34 Onsan
2022-05-30 4:46 Onsan
2021-07-29 9:13Onsan
2021-06-19 0:22 Busan
2022-10-27 9:52Onsan

2021-05-25 6:16 Onsan

2021-05-15 18:47 Onsan
2020-08-02 2:22 Keoje
2021-04-22 1:52 Busan

2021-03-02 0:55Kamchon

2021-05-23 5:22 Onsan
2022-04-26 9:150nsan

2021-10-24 22:52 Kamchon

2022-05-09 16:350nsan
2022-04-11 9:21Busan

Long Beach
Long Beach
Los Angeles
Long Beach
Long Beach

Wilmington Container
Terminal - Los Angele
s

Long Beach
Long Beach
Long Beach

Los Angeles - Contain
er Terminal - Terminal
Island

Long Beach
Long Beach

Los Angeles - Contain
er Terminal - Terminal
Island

Los Angeles - VLCC B
erth - Pier T

Long Beach

25.6
24.8
18.3
18.4
27.9

26.9

22.8
16.2
23.3

19.7

19

5392.9
5701.7
5252.9
5345.9
6031.7

6443.8

5985.4
5032.9
5516.0

5297.0

5487.0
6498.1

6276.5

5467.2
5745.0

9.9
11.7
12.0
12.0
10.6

11.5

2.1
1.9
1.5
1.9
24

23

1.8
1.5
3.0

3.1

25
2.3

3.1

2.9
3.3

-13.2
-13.0
-11.3

13.0
-13.9

-15.1

-14.5
-10.3
-17.5

-15.2

-16.8
-13.4

-16.4

-16.6
-17.4

5.88712E-06
6.37312E-06
6.68346E-06
6.98577E-06
6.98988E-06

7.17068E-06

7.61635E-06
7.62543E-06
7.62778E-06

7.66713E-06

8.35373E-06
8.42263E-06

8.51653E-06

8.6206E-06
8.83115E-06




TYPHOON PROBABILITY SINCE 1842
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SAMPLE OF MULTI-OBEJCTIVE ROUTES

Min. ClI Min. FOC

¥ Chukchi Sea . KT
@ . N
i
.’ i
#
]
gt
y Gut
4 Bering Sea *  of Alaska
‘&
Sew
of Okhotsk
US1251KR0002 FOC
FOC
FOC
Pacific
Qcoap—
Pacific
e Ocean
Phabipane Sea
Phikppne Sea
1
- =
92024 TornTamn, Earthitar Goographics SI0, € 2024 Wizizsott Corpor.tion,  OF - "‘.‘,‘E.. new 2004 TomTam, £




SELECTION OF A GOOD PERFORMANCE SHIP

(1: LOW, 5: HIGH)

Remark: Relative Score

8 2009 20 012 2013 2018 2019

Ship Performance Trend of a Yard

Average of Score ship

Average of Score ship

Qi Tarl-'

Rank ship< Rank calm water< Rank wave« Score Score calm water< Score
ship« wave-
171 326 16 5 54,
316 416 213
549 661 159
,190 1,264 50
700 198
935 70
1,096+ 45

374
1,034 55
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Ship Performance in Calm Water and Wave
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SELECTION OF A GOOD SHIP OF OPERATION EFFICIENCY
SCORE (1: LOW, 5: HIGH)

Score for Cll, EEOI, anchor time,
Relative Score of Operation Efficiency for Ship Owners, Qil Tankers laden voyage time, route selection
ability, and total operation efficiency

Remark: Relative Score ; ci Peer Score Score  Score  Score  Score Score
5.0 5.0 ) Built Type Category IMO
2 4 grade group  Cll EEOl  anchor loaded route  Operation

2010 Oil tanker  LR1 Aenravave B 451
2011 Oil tanker LR1 Axawaes 451
2011 Oil tanker  LR1 451
2011 Container . e
340 2011 Container ]
2011 Oil tanker LR2 et
2011 Oil tanker LR2 rramavaEs
a0 ) 2021 Oil tanker LR2 srasavers
- 2.00 2021 Oil tanker LR2 P ——
2020 Oil tanker LR2 petr—
2021 Oil tanker LR2 renvavars 1
2021 Oiltanker LR2 ————
2021 Oil tanker LR2 ARk
2010 Chemical Ssmall renvavars
tanker
20m BU"‘, Small
carrier

Bulk
2011 Handymax
carrier
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Average of Score Operation
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Bulk
2011 ” Handymay *vrerex
carrier

Bulk
201 Handymax *~
carrier

Bulk
201 X Handymax ***
carrier

Qil Tanker




SELECTION OF GOOD SHIPS OF PERFORMANCE & OPERATION

Operation Rank - Ship Performance Rank
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PORT CALLS AND BUNKER DEMANDS

country_from port_from country_to port_to

Vessel Visits to ME, 2023

Multiple selections W All - All v : All

n
U

type

-~ Port Calls by week Average of voyage_hour by week - Oil tanker

1 00
1,000

0 20 4

400

type2

’ All
category
I All
0 20 40 ‘,

Port Calls
Average of voyage_hour

0 0

week : week

country_ port_from country_to port_to week imo type type2 category dwt teu cargo_ foc il distance voyage_
from mass hour

Iran Assaluyeh China Qinglanshan Crude Oil tanker Product LR2 83651 79,373 ; ; 5,088 2412
Qil Terminal

Iran Bandar Russia Azov Oil tanker Product Small 6403 ; ! 950 286
Mahshahr

Jordan Agaba Saudi Arabia Shoaiba Power Oil tanker Product MR1 36414 ; 5,019 492
Industrial Port Plant
- JFI Terminal

Jordan Agaba Sawakin Oil tanker Product i 5,008
Industrial Port
- JFI Terminal

Jordan Agaba United Arab  Fujairah - Oil tanker Product d 3,642
Industrial Port Emirates Anchorage C
- JFI Terminal

Saudi Shoaiba Jordan Agaba Industrial Oil tanker Product

Arabia Power Plant Port - JFl Terminal

United Fujairah - Jordan Agaba Industrial Oil tanker Product

Arab Anchorage C Port - JFI Terminal

Emirates
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No AIS signal > 7 days

AIS Spoofing methods (18,175 Ships, 68,800+ cases in 2023 )

DARK FLEET AND SANCTION

port_dist

« Estimated dark fleet: about
670 vessels

- 8.0+ million data by All Sea
Data

v'Sanction/ Secondary
Boycott

v'Sanctioned ships,
activities

v'Irregular activity ships

v'Terrorists, etc.

GPS Spoofing

Data Manipulation

AlIS Ghost Ship
Creation

Replay Attack

Man-in-the-Middle
Attack

Vessel Identity
Spoofing

Signal Jamming

AlIS Signal Flooding

Course and Speed
Alteration

AIS Handshake

Zombie Vessel

GNSS Manipulation

Vessel Identity
Laundering

Manipulating GPS signals to create false ve
ssel locations.

Altering AIS data like vessel name, MMSI, s
peed, and heading to mislead authorities.

Emitting signals for non-existent vessels, co
nfusing
monitoring authorities.

Replaying AlS signals with altered data.

Intercepting and altering AIS data in transit.

Using another vessel's MMSI and name to
disguise
illegal activities.

Overloading AlS frequencies to block
communication.

Sending multiple fake AlS signals to disrupt
the
system.

Changing a vessel’s course and speed to mi
slead
authorities or nearby ships.

Switching identities between vessels to con
ceal
illegal activities.

Using the identity of decommissioned ships
for
illicit operations.

Falsifying a vessel’s location with machine-
generated coordinates.

Changing a vessel’s identity to evade detec
tion.

hour near_port_name

Pilar - Pacific Exit From Magell

an Strait

Pilar - Pacific Exit From Magell

219 .
an Strait

297 TA Rankin Inlet

407 Pilar - I?auﬂc Exit From Magell
an Strait

621 TA Rankin Inlet

569 Pilar - I?auﬂc Exit From Magell
an Strait

549 TA Rankin Inlet

1298 Pilar - Eaaﬂc Exit From Magell
an Strait

440 TA Rankin Inlet

267 TA Rankin Inlet

1145 TA Rankin Inlet

599 Pilar - I?auﬂc Exit From Magell

an Strait

886 Pilar - Eaaﬂc Exit From Magell
an Strait

632 TA Rankin Inlet

Pilar - Pacific Exit From Magell
393 .
an Strait

1131 TA Rankin Inlet
254 Pilar - I?auﬂc Exit From Magell
an Strait
Pilar - Pacific Exit From Magell
551 .
an Strait
209 Pitcairn Island
1084 TA Rankin Inlet

783 Pilar - Eaaﬂc Exit From Magell
an Strait

331 Pitcairn Island

366

ance

2142.79

2141.62
1553.18
2141.62
1553.63
214143
1553.63
2141.62

1553.66
1553.21
1553.18

2142.79

2141.62
1553.63
2142.79
1553.63
2142.79

2142.79

1377.12
1553.66

2142.79
1382.42




SUMMARY

 Stringent Regulations on Greenhouse Gas (GHG)

* More Trade Barriers

e Severe Competitions and Social Pressure

* High Costs and Fees for CO2 for Exporting Good

e Life Cycle Assessment (LC) of GHG: Big data on GHG
e Strategy on GHG is Necessary based on Big Data

* Various Business Potentials due to Al and Big Data



