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Global GHG emissions by sector

Buildings
4% Residential

1% Commercial
2% Refrigerants

Transport
12% Road
# | 2% ships | !

1% Aviation

Agriculture, land

use and waste

7% Livestock

6% Crops

4% Landfills & waste

2% Land use & forests

<1% Agriculture fuel
combustion

Source: Rhodium Group (referring to 2021)

WORLD GHG % in 2022
—N20 48

02716 4»&14 210
\\%

—~—F-gases 2.6
(refrigerants)

Source: JRC (Joint
Research Center EU)

Industry

6% Oil & gas

5% Iron & steel

5% Cement

4% Chemicals

2% Coal mining

1% Refining

7% Other industries

Electricity
21% Coal

7% Natural gas
1% Oil



SHIPPING GHG % in 2022

GHGs emitted by shipping

~N20 35
C02 945 - CH4 2.0

800

TREND LINE
600 (least squares) |

Source: JRC (Joint
Research Center EU)

Mt COzeq

1994 l

1992
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020
2022

|

Source: JRC



Many parties are involved in regulating the maritime industry...

The United Nations
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Classification Societies

Flag States

NGOs

Port State Control

Regional
Regulations

Local Regulations
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International
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The urge to reduce GHG emissions

Climate Change — Policy Makers: Reduce GHG emissions

Units: GHG emissions

MW Emission pathway in line
with IMO’s GHG strategy

Ml Business-as-usual
emissions

Emission gap

20% reduction

Intensity:
40% reduction

2008 2020 2030 2040 2050

Total: Well-to-wake GHG emissions; Intensity: CO; eminted per transport work; Fuel: Uptake of zero or near-zero GHG technologies, fuels and/or energy sources



How does IMO regulates?

« Conventions ex. SOLAS, MARPOL, STCW,

« Resolutions: Each committee brings resolutions to amend part of International convention

XYZ . 123 (34)

Which Committee passed the < 1 » No. of Committee's Session in which it

resolution? _ was adopted
Ex. MSC (Safety), A (Assembly), Resolution nqmber

MEPC (Pollution), C (Council), (Chronological

FAL (Facilitation), LEG (legal) order)

« Circulars: clarification, interpretation or guidance on its various codes and conventions

XYZ .1/ Circ. 34

Which Committee passed the —tm———— 1- —p Circular number
resolution? (Chronological
Which subject does it concerns? order)

Ex. MEPC.1 General on pollution

MEPC.2 Provisional categorization of liquid
substances

MEPC.3 Oily wastes port facilities
etc. 9



SOLAS

Chapter | — General Provisions
Surveying the various types of ships and certifying that they meet the requirements of the convention.

Chapter lI-1 — Construction — Subdivision and stability, machinery and electrical installations
The subdivision of passenger ships into watertight compartments so that after damage to its hull, a vessel will remain afloat and
stable. This includes compliance with the International Code on Intact Stability

Chapter lI-2 — Fire protection, fire detection and fire extinction
Fire safety provisions for all ships with detailed measures for passenger ships, cargo ships and tankers under the ESS Code and

requirements for the carriage of gas as a fuel under the IGF Code

Chapter lll — Life-saving appliances and arrangements
Life-saving appliances and arrangements, including requirements for life boats, rescue boats and life jackets according to type of ship.
The specific technical requirements are given in the International Life-Saving Appliance (LSA) Code.

Chapter IV — Radiocommunications
The Global Maritime Distress Safety System (GMDSS) requires passenger and cargo ships on international voyages to carry radio
equipment, including satellite Emergency Position Indicating Radio Beacons (EPIRBs) and Search and Rescue
Transponders (SARTS).

Chapter V — Safety of navigation
This chapter requires governments to ensure that all vessels are sufficiently and efficiently manned from a safety point of view. It
places requirements on all vessels regarding voyage and passage planning, expecting a careful assessment of any proposed voyages
by all who put to sea. Every mariner must take account of all potential dangers to navigation, weather forecasts, tidal predictions, the
competence of the crew, and all other relevant factors. It also adds an obligation for all vessels' masters to offer assistance to those in
distress and controls the use of lifesaving signals with specific requirements regarding danger and distress messages. It is different
from the other chapters, which apply to certain classes of commercial shipping, in that these requirements apply to all vessels and
their crews, including yachts and private craft, on all voyages and trips including local ones.

Chapter VI — Carriage of Cargoes
Requirements for the stowage and securing of all types of cargo and cargo containers except liquids and gases in bulk. Including
compliance with the Code of Safe Practice for Ships Carrying Timber Deck Cargoes

10



SOLAS
Chapter VIl — Carriage of dangerous goods

Requires the carriage of all kinds of dangerous goods to be in compliance with the International Bulk Chemical Code (IBC Code), The
International Code of the Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code) and the International
Maritime Dangerous Goods Code (IMDG Code).

Chapter VIII — Nuclear ships
Nuclear powered ships are required, particularly concerning radiation hazards, to conform to the Code of Safety for Nuclear Merchant
Ships.

Chapter IX — Management for the Safe Operation of Ships
Requires every shipowner and any person or company that has assumed responsibility for a ship to comply with the International Safety
Management Code (ISM).

Chapter X — Safety measures for high-speed craft
Makes mandatory the International Code of Safety for High-speed craft (HSC Code).

Chapter XI-1 — Special measures to enhance maritime Safety
Requirements relating to organizations responsible for carrying out surveys and inspections, enhanced surveys, the ship identification
number scheme, and operational requirements.

Chapter XI-2 — Special measures to enhance maritime security
Includes the International Ship and Port Facility Security Code (ISPS Code). Confirms that the role of the Master in maintaining the
security of the ship is not, and cannot be, constrained by the Company, the charterer or any other person. Port facilities must carry out
security assessments and develop, implement and review port facility security plans. Controls the delay, detention, restriction, or
expulsion of a ship from a port. Requires that ships must have a ship security alert system, as well as detailing other measures and
requirements.

Chapter Xll — Additional safety measures for bulk carriers
Specific structural requirements for bulk carriers over 150 metres in length.

Chapter XIllI - Verification of compliance
Makes mandatory from 1 January 2016 the IMO Member State Audit Scheme.

Chapter XIV - Safety measures for ships operating in polar waters
The chapter makes mandatory, from 1 January 2017, the Introduction and part I-A of the International Code for Ships Operating in Polar
Waters (the Polar Code). 11




SOLAS ex. Inert Gas System (Chll-2, Reg) I =

What is a Fire Triangle

It describes the three different factors required for ignition of a fire.

1. Air (Oxygen)
2. Heat (External Spark)
3. Fuel (Cargo)

The Inert Gas is used to cut of
the Air or the Oxygen side of
the triangle

FUEL

LL(<€V\

Nl

Q

A Typical Block Diagram of Inert Gas System

16 Fan, they Suck the

Flu Gas form the boiler

and supply it to the

Uptake viv I \«. +

Recirculating VNN
Regulating vjv

Scrubber,
} Is where the
Boiler, 16 is cleaned
the flu gas and cooled

generator

&

The Engine Room or the non Hazardous area

Non return valve, A
mechanical means

of sealing gases
from E/r
\ non-return
X W
| Releases
shut oft;” iy excessive
viv pressure in
| the cargo
TPV tanks.
& \ Breaker
| ( (ﬂ_ “To cargo tanks
1Y
Deck seal

Deck seal a

positive means of

sealing gases from

E/ Rm

The Carge Tank or the
HAZARDOUS area 12



Annex

Annex |

Annex |l

Annex |l

Annex IV
Annex V

Annex VI

MARPOL

Title

Prevention of pollution by oil & oily water

Control of pollution by noxious liquid
substances in bulk

Prevention of pollution by harmful
substances carried by sea in packaged form

Pollution by sewage from ships
Pollution by garbage from ships

Prevention of air pollution from ships

Entry into force

2 October 1983

6 April 1987

1 July 1992

27 September 2003
31 December 1988
19 May 2005

13



THE
EXXON VALDEZ
OIL SPILL




700

Thousand
Tonnes of
Spllt oil 600 \“T:,N&C:mess
| ABT SUMMER
260,000 Tonnes
500 ' ’
CASTILLO DE BELLVER
l zszqoorm J
§ 400
3
:

300 - | SEA EMPRESS |
70,000 Tonnes
72,000 Tonnes
txxouvn.oa ‘
n,oootm "
PRESTIGE SANCHI
200 63,000 Tonnes 113,000 Tonnes
ERIKA
20,000 Tonnes ,
HEBEI SPIRIT | !
100 xiimtm‘

1970 1973 1976 1979 1982 198 1988 1991 1997 003 2006 2009 2012 2015 2018 2021



Definitions (Reg 1),
MARPOL Annex I Applications (Reg 2),
Exemptions and waivers
(Reg 3), Exceptions (Reg
4), Equivalents (Reg 5)

Chapter | Regulations Topics 1
1 1-5 General: Definitions and Applications
5 6-11 Surveys and certification: Flag administration and
Port State Control (PSC) 1
3 1217 Machinery Space: Construction, discharge control | LIST .
and equipment (all ship types) * Surveys (for Cgrtlflcat-e)
4 18-36 Cargo Areas: Construction, discharge control and IF)OlilPt(-InteF:natlor;?I Oil
equipment (oil tankers) ofiution Frevention
: : : g Certificate) (Reg 7,8)
3) 37 Shipboard oil pollution emergency plan (SOPEP) « Form, duration & validity
38 Reception facilities of certificate (Reg 9,10)
7 39 FPSOs and FSUs * The role of the flag and
PSC in accordance to the
(Reg 11)

Examples following... - 16
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MARPOL Annex I: Examples I =

Regulation 30: Marpol line Regulation 33,35: COW




MARPOL Annex I: Examples I =

Regulation 15,31: Discharge of oil, O.D.M.E.

Control Room

GPS Signal

. Signal Cable Une
' Sample Ballast | e Dischacge Sample Line
Pump Water s Fresh Water Line

<&

LL(<\—\
(=

Regulation 14: Filtering of oil (OW Separators)

. * Solenoid Valve
g.'.',g:"mg P Manual Valve
" I={ Check Valve

*3* Pressure Relief Valve

Sample
Valves

— =4 Oil Outlet

Power to Control Box
Separating

Media Sample Flow

w3 | — ‘Monitor | || processed Water
: 5 e || Outlet (Overboard)
Y _ /

Pump / Motor
Flush Water

Clean
Water
Inlet

Oily
Water
Inlet

Drain

Processed v\k

Outlet (Recirculate)
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MARPOL Annex |l

Control of pollution by noxious liquid substances in bulk

It details the discharge criteria for the elimination of pollution

by noxious liquid substances carried in large quantities.

It divides substances into categories and introduces detailed

operational standards and measures.

The discharge of pollutants is allowed only to reception

facilities with certain concentrations.
No matter what, no discharge of residues containing pollutants

is permitted within 12 nautical miles of the nearest land.

Stricter restrictions apply to "special areas".

Annex Il covers the International Bulk Chemical Code (IBC
Code) in conjunction with Chapter 7 of the SOLAS

Convention.

MARPOL Annex Ili

Prevention of pollution by harmful substances
carried by sea in packaged form

It contains general requirements for the

standards on packing, marking, labeling,

documentation, stowage, quantity

subtraction, division and notifications for

preventing pollution by harmful

substances.

In line with the International Maritime
Dangerous Goods (IMDG) Code, which has

been expanded to include marine pollutants

19
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MARPOL Annex IV: Sewage

* Prohibition of Sewage Discharge:

Sewage discharge into the sea is strictly prohibited,
except under specific conditions.

* Approved Treatment Plants:

Ships must have an approved sewage treatment plant in
operation. Discharge of comminuted and disinfected
sewage is allowed at a distance of over three nautical
miles from land.

+ Untreated Sewage Discharge only when:

At a distance exceeding 12 nautical miles from land, with
ship speed at least 4 knots, and discharge rate should be
approved by the Administration.

« Special Area Regulations:

Discharge from passenger ships within Special Areas is
generally prohibited, except with an approved sewage
treatment plant certified by the Administration.

+ Additional Requirements:

Sewage treatment plants on passenger ships must meet
nitrogen and phosphorus removal standards in Special

Areas. Compliance with regulations outlined in resolutions

MEPC.227(64) and MEPC.227(64), section 4.2.

Vacuum
milel

Ventilation

Emergency M) Blower(s)
overflow oot
Dilution

Gravity

inlet % § %
Sludge retum

chemical
dosing

HH

—

% —— Vacuum
Antifoaming
chemical
dosing gt

Ejector I

pump(s) @

cjeclor(s)

T R D O . R

TT . .
Y e oy ‘—\
ﬂ
C1L _Y_|| [=—P

e, S —©

Dsnfechon
Aeration Aeration Seltling chamber
chamber | chamber |l chamber

- ! / -

=

Y

-

I

Discharge € ) (ﬁ) )
pump{s) s Treated water

Sludge discharge

i—bﬂ-bd-*—b-

v
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MARPOL Annex V: Garbage

Years ago it was normal practice to throw ship’s garbage over the side. The
past years the disposal of ship’s garbage become increasingly regulated.

Information included in Annex V

Distance from shore for food waste. Special areas more strict (12nm)
Prohibit discharging cleaning agents or additives that considered harmful
Prohibit discharging Cargo residues that considered harmful

Special Areas stricter for cargo residues

Exemptions: securing safety, life at sea, fishing gear

Placards on board, Garbage management plan, Garbage Record Book
Polar code: Antarctica transit: Sufficient space for garbage storage and
prohibit discharge of unsterilized pulry.

Garbage type'

All ships except platforms*

Regulation 4

Outside special areas

and Arctic waters
(Distances are from
the nearest land)

Regulation 6
Within special areas and
Arctic waters
(Distances are from nearest
land, nearest ice-shelf or
nearest fast ice)

Food waste
comminuted or
qround?®

>3 nm, en route and as

far as practicable

Food waste not
comminuted or
ground

212 nm, en route and

as far as practicable

Cargo residues® ©
not contained In
washwaler

Cargo residues® ©

> 12 nm, en route and

as far as practicable

>12 nm, en route and as far as
praclicable®

Discharge prohibited

Discharge prohibited

> 12 nm, en route and as far
as practicable (subject to

contained in conditions in requiation 6.1.2
washwater and paragraph 5.2.1.5 of part
II-A of the Polar Code)
- > 12 nm, en route and as far
Cleaning agents as practicable (subject to

and additives®
contained in cargo
hold washwater

Cleaning agents

and additives® in

deck and external
surf;mns washwatnr

Discharge permitted

conditions in regulation 6.1.2
and paragraph 5.2.1.5 of part
II-A of the Polar Code)

When garbage is mixed with or contaminated by other harmful substances prohibited from discharge or having different
discharge requirements, the more stringent requirements shall apply.

Comminuted or ground food wastes must be able to pass through a screen with mesh no larger than 25 mm.

The discharge of introduced avian products in the Antarctic area is not permitted unless incinerated, autoclaved or otherwise
treated to be made sterile. In polar waters, discharge shall be made as far as practicable from areas of ice concentration
exceeding 1/10; in any case food wastes shall not be discharged onto the ice.

Offshore platforms located 12 nautical miles from nearest land and associated ships include all fixed or floating platforms
engaged in exploration or exploitation or associated processing of seabed mineral resources, and all ships alongside or within
500 m of such platforms.

Cargo residues means only those cargo residues that cannot be recovered using commonly available methods for unloading.
These substances must not be harmful to the marine environment. 22

Animal Carcasses
(should be split or
otherwise treated to
ensure the
carcasses will sink
immediately)

All other garbage
including plastics,
synthetic ropes,
fishing gear, plastic
garbage bags,
incinerator ashes,
clinkers, cooking oil,
floating dunnage,
lining and packing
malerials, paper,
rags, glass, metal,
bollles, crockery
and similar refuse

Must be en route and
as far from the nearest

land as possible.
Should be >100 nm

and maximum water

depth

Diecharge prohibited

Discharge permitted

Discharge prohibited

Discharge prohibited



MARPOL Annex VI: Incineration i =

Permits incineration of:

e PVC — plastics (where type approved to do so) (Reg.16.3)
e Sewage sludge and sludge oil (generated during normal
operation of engines and boilers). This is not permitted in

ports, harbours and estuaries (Reg.16.4)

> Certificate needed for all incinerators installed
from 1 January 2000.

Certification according to: “2014 Standard
Specification for Shipboard Incinerators” (Reg.
16.6.1)

> |Incinerator shall be provided with a
manufacturer’s operating manual which is to be
retained

> Personnel to be trained in use (Reg. 16.7 — 16.8).
> All incinerators should have a combustion flue gas
outlet temperature monitoring system.

7

A
\H72

Prohibits incineration of (Reg.16.2):

e MARPOL Annex I, Il & Ill cargoes,

e Polychlorinated biphenyls (PCB),

e Garbage containing heavy metals,

e Refined petroleum products containing halogens,
e Sewage and sludge oil not generated on board,

Pressure regulation
Waste oil return —— valve
Waste of Sludge burner
cizar sl i
Flue gas outlet
- e, OIS0 | ::
- Primary blower
Atomizing supply
Sluice Double wall
Ps for air cooling
Refractory
Sludge oll .
pump Ceramic wall
Primary combustion ,
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MARPOL Annex VI: ODS IviC

Ozone Depleting Substances (ODS)

e MARPOL Annex VI: Not applicable for EDG and lifeboats

® Any deliberate emissions prohibited (Reg.12.2)

e Other than Hydrochloroflurocarbon (HCFC) all other ODS banned in

Compressor Qil " Safety
e Parties are obliged to provide facilities without causing delay for /]Rec a>er valve
(Reg.17): l l Condenser \?Voaot“enrg
- Reception of ODS in ship repair yards =
. : . P, \ Filt
- Reception of Exhaust Gas Cleaning System residues _ ExDanS'On val [% L}Dlryzr,
e Supplement to IAPP Certificate, ODS Record Book e ——_— Evaporator\ %
Water T i
e Does not apply to permanently sealed units (Reg.12.1) with no % \\a BN Z -I gilr‘tSIde
refrigerant charging connections ... Z
T é Air Filter
7

1

Recirculated
Air

new ships from 19 May 2005 (Reg.12.3.1) F&n
e HCFC banned in new ships from 1 January 2020 (Reg.12.3.2). Delivery

to reception facilities following removal (Reg.12.4) Heater

24
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MARPOL Annex VI: VOC

What are Vapor Connections ?

Volatile Organic Compounds (VOC) are light

components of crude oil, which evaporate Vapor connections

fore and aft of the
cargo manifold

during loading operations or during the carriage
of high-volatility crude oil cargoes. Under
regulation 15:

e VOC management plant

® Reception facilities

e VAPOUR Line in ship’s manifold for return

of VOC to reception facilities

Some ports do not allow cargo vapors to be vented to atmosphere
during loading . Hence they have to be sent back to the terminal for
treatment through these vapor connections at the manifold. 25



MARPOL Annex VI: EEDI/EEXI (CO2/t*nm) [IVEE

Main engine Aux. engine

Correction factors

Energy Efficiency Design Index (EEDI)
Energy Efficiency Existing Index (EEXI)
International Energy Efficiency

(IEE) Certificate will be issued for a
ship whose compliance with the

regulation is verified.

LL(<¢\
\ 7%

Energy efficient Energy efficient

shaltimotor technology (electrical) technology (mechanical)

neff
~> foro Py *Crae " SFC

i=1

MAIN DRAWBACK

N ! EEDI is an estimation based on design
parameters, not the reality! On contrast
10% Cll is based on real everyday
: measurements.
E .
g |
@) -30% :
S | Phase 0: 2013-2015
S l
: Phase 1: 2015-2020
= 1
. |
) I
; __Phase 3: 2025 4
L

Cut off limit Capacity [DWT or GT]

N
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MARPOL Annex VI: CO2 IMCE

Starting in 2024, the CIl must be

calculated and reported to IMO. The Annual fuel consumption ¥ Fuel factor
Cll = ¥ Correction factors

attained annual operational Cll and the Annual distance travelled ¥ Capacity

environmental rating (A to E) will be

<<=

noted on the Statement of Compliance Fossil LNG ONLY
(SoC), which will be required to be kept E
. 5 - 45 LNG + WHR! - |, blendi - M H ducti '
on board for five years. 5 SR | |F Noe TaRReeeieny
- Rotor Sails ar
sl - Blo-/ e-Methane A
. B - Fuel conversion W
In case of a D rating for three| © A
t- E t S 1 O e | Bio- / e-Methane
consecutive years or one E rating, a| = :
y 9 S 11 kn laden, 12 kn ballast, 10 AUS-CN round-trips pa 3 :_'2;1:;‘0“::;"“""'
corrective action plan must be| 2 '’ - S
[
submitted and verified before the SoC osd S
can be issued. -
T T R e R R T EE EEER
8 88 B 8 8 383 @& 99008 43 3 X8 532 3 2 3 X
™ ™ ™ ™ ™ ™ ™ ™~ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™

2050 !



MARPOL Annex VI: CO2

If the shipowners take no action, it is estimated that most of the ships will acquire a rating lower than C. The number of

ships rated as D or E will increase through the years. For example:

The Cll Impact on the container vessel fleet:

Cll ratings in 2026 (estimate) .E

Cll ratings in 2023 (estimate)

rated as D, E
60% 60% A

2o 55°% | |
g 20% rated as D, E S E]
2 0/ k 2 a7
a 40% { \ o 40%
a8 8
2 =
2 30% C D €] 2 30% D
o} o
= £ C
¥ 20% o 20%
o0 oo
:
§ 10% . i g 10% B
& I g A

o | w m

Cll rating Cll rating

Source: DNV



NOx CAP “IMO 2020”

WORLD: Tier Il (constr. > 2000) = 100% Tier |
(<130rpm = 17g/kWh) MARPOL Annex

WORLD: Tier Il (constr. > 2011) > 80% Tier | VI: NOX
[

(<130rpm = 14.4g/kWh)

NECA: Tier Ill (USA constr. >2016) = 20% Tier
I (Baltic & North constr. > 2021)
(<130rpm = 3.4g/kWh)

* Test bed exhaust emission measurement according to NOx Technical Code

(NTC): To demonstrate that NOx is below the IMO Tier.
* NOx Technical File: Information on performance and emissions tests +
components, settings, operating values & adjustments to be observed
* Issue of Engine International Air Pollution Prevention (EIAPP) Certificate or
statement of compliance for an engine:
a) Issued for each engine

b) Valid for the engines life (unless major conversion)

* If there are NOx reductions technologies, specific certification rules applies.

There are options for ship-board measurement, verification and certification

but not practiced due to complexity of measurements.

29

TIER Il
technologies

Selective Catalytic
Reduction (SCR) o
and Exhaust Gas :
Recirculation (EGR)

Urca Solution Spraying

Diesel Vaporizer/mixer SCR reactor lurbine
(1) HP-SCR

Urca Solution Spraying

Diesel Turbine Exhaust heating device SCR reactor

(2) LP-SCR



NOx CAP “IMO 2020”

WORLD: Tier Il (constr. > 2000) = 100% Tier |
(<130rpm = 17g/kWh)

WORLD: Tier Il (constr. > 2011) = 80% Tier |
(<130rpm = 14.4g/kWh)

NECA: Tier Il (USA constr. >2016) = 20% Tier
I (Baltic & North constr. >2021)
(<130rpm = 3.4g/kWh)

MARPOL Annex
VI: NOX

Low-sulphur fuel design: Max. 0.10%S

High-sulphur fuel design: Max. 3.5%S

TIER 1lI
technologies

SCR and EGR

Urca Solution Spraying

Diesel Vaporizer/mixer SCR reactor Turbine

(1) HP-SCR
Urca Solution Spraying
—w e (HE-
Diesel Turbine Exhaust heating device SCR reactor
(2) LP-SCR

30

EGR SCR
On-Engine High-Pressure

SCR
Low-Pressure




NOx CAP “IMO 2020”
SULFUR CAP “IMO 2020”

WORLD: Tier Il ( . >2000) = 100% Tier |
WORLD: [S] < 0.50% m/m N Ox & Sox MAP (<130rpml:r17gc/okr:l.:,/tr:) > ier

SECA: [S] < 0.10% m/m WORLD: Tier Il (constr. > 2011) = 80% Tier |
For all ships, no matter age! (<130rpm = 14.4g/kWh)

If adopted by MEPC 82 NECA: Tier Ill (USA constr. > 2016) > 20% Tier
B Existing ECAs (<130rpm = 3.4g/kWh)

If adopted by MEPC 82 B Possible Future ECAs e e s If a(.:lopted by MEPC 82
Active 1 March 2026 AR AR EE AR DA A Active 1 March 2026
Boundary to be Confirmed
: NORWEGIAN WATERS )
M oy _ ,/ y Local regulations
m ' " ' // ///,/' Boundary to be Confirmed [S] <0.10% m/m

BALTIC SEA

Local regulations
[S] < 0.10% m/m
Only distilled (MGO)

/

NORTH SEA

, o
-

MEDITERRANEAN SEA m m

m Starting For NECA constr. > 2021

1 May 2025

California For NECA constr. > 2016
US CARIBBEAN SEA AREA

E =

For NECA constr. 2 2016




A Locally Sulfur regulations &
CARB compliance

. . SOx Solutions WORLD | SECA CARB .
California _-- China

MGO ([S]< 0.10%m/m) v v
Local regulations VLSFO ([S]< 0.50%m/m) v x X Local regulations
[S] <0.10% m/m ULSFO ([S]< 0.10%m/m) v v X [S] < 0.10% m/m
Only distilled (MGO) EGCS (scrubber) / / X All vessels!
All vessels! & HFO ([S]> 0.5%m/m)
LNG (has no Sulfur) v v v
Alternative fuels TtW zero [S], regulations under development

California
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The Green Deal

EU goals:
e 2050 EU-wide climate neutrality
e 2030 target of at least 55% net greenhouse gas emissions
reduction

How shipping will be affected?

e European Trading System (EU ETS)

e Fuel EU Maritime Regulation (Fuel EU)

e Renewable Energy Directive (RED ll);

e Alternative Fuels Infrastructure Regulation (AFIR);
e Energy Taxation Directive

-

ﬁ o
R

—
 W— Net Emissions Impact

I_1T
WELL-TO<TANK
Emissions from

production and
transportation

Emissions from
burning or using
an energy source

3

EU emission
trading scheme

Regulation on land use,
land use change, and forestry

Effort sharing
regulation

Renewable
energy directive

Energy
efficiency directive

Alternative fuels
infrastructure directive

Requlation setting: CO2 emission
standards for cars and vans

Fit fOr 55 Package JULY 2021

Energy taxation
directive

New legislative
proposals

EU forest
strategy

Carbon border
adjustment mechanism

Climate Action
Social Facility

ReFuelEU
Aviation

FuelEU

Maritime
33
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ETS (Tank to Wake)

Emission Allowances

Shipping companies have to purchase and
surrender (use) EU ETS emission allowances

for each tonne of reported TtW CO2 (or CO2
equivalent) emissions in the scope of the EU
ETS system. EUAs can be bought and sold
on the market, and the variable market price
of EUAs reflects the cost of reducing
emissions.

Smooth transition, buy allowances for:

2025: for 40% of emissions (reported in 2024)
2026: for 70% of emissions (reported in 2025)
2027 onwards: for 100% of reported emissions

Region
All 100% of emissions on voyages and port calls within the EU/EEA, and
50% of emissions on voyages into or out of the EU/EEA, are subject to the

EU ETS.

EU ETS introduction timeline

2023 2024 2025 2026 2027 2028
onwards

Ship sizes and type

Cargo/passenger ships (5000+ GT) Vi A N i

Offshore ships (5000+ GT) E=

Offshore and general cargo ships (400-5000 GT) To be decided

Greenhouse gases

Carbon dioxide (CO.)

Methane (Cl f,‘ and Nitrous oxide (N.O)

Phase-in

% of emissions included in ETS scope a a 100% 100% 100%
Reporting only (MRV) I o ded in ETS
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FuelEU (Well to Wake)

First reduction from 1 January 2025 ! (Methane and nitrous oxides are subsequently converted into CO, equivalents)
FfWTO = waste cooking oil (WCO)

siawt weiatw  GHG Intensity [gCO2e/MJ]

2045 2040 2035 2030 2025 Intensity limit

] ] ] | i
\ ; rCO,_/MJ
: \ 73.7 : : : ; (9 2ea/MV)
LPG 7.8 ! 65.9 2 . i i
’ - T : ' ¥ 2020 Reference
LNG (HP 2S Diesel) 185 57.6 761 1 &¢
- 4 . ? B 2025 89.34
30% Bio-LNG (HP 25 Diesel)*** 43 57.3 4 ! 61. ' : A
e— e ; 1 910 : : i : 2030 85.69
LNG (LP 25 Otto) 18.5 65.3 8
- : : : :83. | 2035 77.94
LNG (LP 45 Otto) 185 ' 72.5 L 910
MDO/MGO i i i 1: :r ' 2000 feay
0O/MGO 14.4 76.2 1 90.6
n + ! 2045 34.64
LSF 13.2 i 79.0 ' i P | 5
" - - <o + S 8 - v -—d v S Jai ———"e 92 2 2050 18-23
30% WCO & 70% LSFO** 2.2 1 769 H 69.7 | : 2]
— T A -
| HFOI 13.5 ! 78.1 H H 2 44 916
Methanol (NG) I 31.3;_ i i 71.6 ; i : : 102.9
30% e-Methanol* 43 ' 716 | tta | U
& 14
Ammonia (NG) u i i 1 ' 121
Hydrogen (NG) 4 i .I i ‘ ! , 132
L - =t - —— = S S | ]
-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 36



FuelEU Compliance deficit = Penalty

GHG intensity index wiT W
GHG mter.sfty Ew!ulu x C0 x LCV. +Y‘E x (D S‘"""" mgine l \ |
) ™ g Wil [0 & g slecricityk | b ) MU X l(l- mccnyxr.l liru) X (COZNYIWJA t (mcvwlcﬂg, X Co:nﬁ“'.x.’:;-nw.;)
geosee] _ el ” .ol
index ’«_“] T, X0+ KE, DTN, XLV, + E,
Compliance balance [¢CO,.,/ W] = GHG HG fui 7 M xLCV; + YIE
omphance balance [gCO,,,/] (GHGIEwarger - GHGIEacrua)fx s, i XLCV; + X:E; ]

/

It’s the difference between the actual GHG intensity It’s the energy use of the ship [MJ]

of the ship and the target [gCO,, . /M]]

Penalty = ’\Jl Compliance balance ' GHGI e )| bonversion factor from MJ to tonnes of VLSFO (41.0 M.J /|
- A

— %) XJEUR 3300 |

It’s the amount of MJ of zero-emission Transforms the MJ in tonnes of VLSFO.
energy that the ship should have used to Indicates how many tonnes of VLSFO
be able to meet the target

should have bheen replacecd by

7ero-
emission energy

Multiple times the price per tonne of VLSFO !
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FuelEU compliance: Fleet Pooling

Panamax Bulk Carrier Fleet I3 x26 e-Fuel Transition Iy x26 + EI x1
wait & see scenario green fuel scenario

R T - 2025:284k € x 26 = 7.4 mil.€ PN . . - 2025 : one ship running on e-

i o v iy 2026:284k € x 26 x 1.1 = 8.1 mil.€ VS e o b bty 20262 Vel "l"'"c"eats ‘*l"OUEh

et 2027:284k€ x 26 x 1.2 = 8.8 mil.€ v et o e | el 0€

ol fow bl 2028 :284k € x 26 x 1.3 = 9,6 mil.€ o o b b law 2028 ) 5£0 hips in the

. P . I
i 2029:284k€ x 26 x 1.4 = 10.3 mil.€ et 20291 same pool every year
Penalty Multiplier RFNBO Multiplier

1+(n-1)/10 2

38



Emissions Regulations summary

Sea Cargo Charter

Applicability: 5,000 GT+

&

= kN

4 A

|me|
\

\h‘

s

TtW

WIW

Similar to EU MRV and DCS:
A Data Collecting System

400GTH

*Part I: Ship management plan to
improve energy efficiency
*Part Il: Ship fuel oil consumption

data collection plan
*Part Ill: Ship operational carbon

intensity plan

400 GT+

-
4

0
—~
\~__,r

= \ .

— \ ® BIMCO |

N\ P 4 \L'lfiau:c l

\\i-—" \-',
Market-based Compliance

Mandating all vessels to be zero
emission by 2040 and obliging
shore power while moored by
2030

.
.
X

Poseidon Principle
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CARB

California

Initial | Vessel type
year

2023

2025
2025

2027

Container, refrigerated
cargo and passenger

Roll-on roll-off

Tanker (only LA & Long
Beach)

All Tankers

Local Regulations on
Shore power

Required to use grid-
based power or another
CARB-approved emission
control technology while
at-berth

A
|ALTERNATIVE
| MARITIME POWER

HiGKvong -
SHORE comeen |
1

From 2030: containerships
required to utilize cold
ironing when at berth >2
hours in a TEN-T port.

From 2035: In all AMP
supported ports

] SHIP

=
bo&lJConnectJor

FuelEU

Most relatively big
ports are TEN-T ports:
328 in Europe, from
which 25 in Greece

(. B LN
= I P -
A &

"N uq 440 v —'—‘

SHORE SIDE
Power Source




EQUIPMENT

Q2C0006

-—

WINDOWS ON BRIDGE ™.

Means to clear melted ics,
freezing rain, snow, mist,
spray and condansation

LIFEROATS
All lifeboats to be partially
or lotally enclosed type

CLOTHING |
Adequate thermal
protection for all
persons on board

CLOTHING 1l

On passenger ships, an
immereion suit or & thermal
protective ald for each
person on board

ICE REMOVAL

Special equipment for ice
removal: such as electrical
and pnoumatio davicos,
spacial tools such as axes
or wooden clubs

FIRE SAFETY

Extinguishing equipment
oporablo in cold tomporaturos;
protoct from ice; suitable for
parsons wearing bulky and
cumbersome cold weather gear

DESIGN & CONSTRUGTION #

SHIP CATEGORIES

Three categories of ship
which may operaie in Polar
Waters, based on:

A) medium first-year ice

B) thin first-year lce

C) open waters/ice conditions
less severe than Aand B

INTACT STABILITY
Sufficient stability in intact
condition whon subjoect to ico
accretion and the stabllity
calculations muat take into
account the icing allowance

n"': £
3 0y

-
_

Pt >

B

g
g
==

OPERATIONS & MANNING

MATERIALS

Ships Intendad 1o operate in
low air temparature must be
constructed with materials
suitable for operation at the
ships polar service
temperature

STRUCTURE

In ice strengthened ships,
the structure of the ship
must be able to resist both
global and local structural
loade

NAVIGATION

Recelve information
about ice conditions

CERTIFICATE & MANUAL
Required to have on board a
Polar Ship Certificate and the
ship's Polar Water Operational
Manual

TRAINING

Mastars, chiaf mates and
officers in charge of a
navigational watch must have
completed appropriate basic
training (for open~water

operations), and advanced
training for other waters,
Including ice
B @
O D) o SHI ) &
DO ) U ]
UFEN 3 J
U J U S
H L B U J
» e o1 =1




URN
(Underwater Radiated Noise)

2023 IMO Guidelines MEPC.1/Circ.906 (not mandatory)
Awareness grows especially for protected areas,
migratory pathways and ice-covered areas

Causes
When on typical operating speed: mainly propeller cavitation,

OB machinery and operational aspects, ALS (Air Lubricating
System), ice-breaking.

Solutions

Design considerations

Propeller and surface quality (polishing, anti-fouling)
Maintenance of Machinery

Trim optimization

Route planning (avoid protected areas)

Reduce speed below Cavitation Inspection Speed CIS (ships

with fixed propeller). Avoid critical speeds
42

i+l

Canada
Shipping Act,
2001
SOR/2010-91:
Pleasure Crafts

{rpeaswor Muffler

St 9fleans an
expansion chamber
within the exhaust line
specifically designed
to reduce engine
Noise)

-

WWF

Pushes administration
to take act on ocean
going vessels as well



I*I URN (Underwater Radiated Noise)

To protect species at risk, Parks
Canada staff have implemented
a peaceful zone at Saguenay-St.
Lawrence Marine Park in
Quebec. Area closures reduce
disturbance, like noise, for St.
Lawrence Belugas. By protecting
habitats from underwater noise,
we are helping endangered
whales recover.

A pod of Beluga
Whales

St | awrence

Beluga

AREA CLOSURE

‘Boat passaqges have been reduced to 10'%
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BELUGA AND BOAT DISTRIBUTION
POST-AREA CLOSURE

‘Boat passaqes have been reduced to 10%
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Classification Societies

A classification certificate is required to register the ship,

obtain marine insurance and maybe allowance to entry

into some ports and maybe of interest to charterers and

potential buyers. “In class”

Set the technical standards for the design, construction

and survey of ships. Each CS sets its own, while IACS sets
minimum standards (ex. CSR).

Carry out surveys and inspections on board ships in order

to ensure that ships continue to meet these rules. If it
does then the ship is in class.

Flag states can authorize classification societies to act on

their behalf to carry out statutory survey and certification

work of their ships.

DNV-GL

DNV CL Id No:

CLASSIFICATION CERTIFICATE iy

Date of issue:

2016-03-29
Issued under the provisions of the Rules of DNV GL
Particulars of Ship
Name of Ship: e — e e
Builder: Fog oredme Fepo h‘wﬂ Cs., L.
Yard No: | e—— S
Owner: MMl "miees 'ac me el Ba
IMO Number: e

This is to certify:

that the above-mentioned ship has been surveyed by the DNV GL according to the Rules and that, upon
completion of the survey on the 2014-08-20 the administration of the Socicty is satisfied that the
condition of the hull,_machinery and equipment was in compliance with the applicable Rule requirements
ror the following class notation:

¥ 1A Tanker for chemicals and oil BIS BWM(T) Clean COAT-PSPC(B)
Crane CSR E0O ESP TMON VCS(1)

Important assumptions and conditions related to maintenance and handling of the ship are found in the
ship’s Appendix to the Classification Certificate. Current status of surveys and conditions of class is given
in the Class status issued by the Society.
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Classification Societies

A classification certificate is required to register the ship,

obtain marine insurance and maybe allowance to entry

into some ports and maybe of interest to charterers and

potential buyers. “In class”

Set the technical standards for the design, construction

and survey of ships. Each CS sets its own, while IACS sets
minimum standards (ex. CSR).

Carry out surveys and inspections on board ships in order

to ensure that ships continue to meet these rules. If it

does then the ship is in class.

CLASS SURVEYS

Initial Survey of the Ship

Periodical Survey

Renewal/Special Survey (5 year, DD)
Intermediate Survey (2.5 year)
Annual Survey (1 year)

Additional Survey (after repair)

Flag states can authorize classification societies to act on

their behalf to carry out statutory survey and certification

work of their ships.
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Classification Societies

A classification certificate is required to register the ship,

obtain marine insurance and maybe allowance to entry

into some ports and maybe of interest to charterers and
potential buyers. “In class”

Set the technical standards for the design, construction

and survey of ships. Each CS sets its own, while IACS sets
minimum standards (ex. CSR).

Carry out surveys and inspections on board ships in order

to ensure that ships continue to meet these rules. If it
does then the ship is in class.

Flag states can authorize classification societies to act on

their behalf to carry out statutory survey and certification

work of their ships.

"Condition of class”
In case a defect is found, one would expect the
class to evokes the "Certificate of class”. But that
would prohibit the vessel from sailing.

Instead a CC is issued that means that in order to

retain class the said defect need to be renewed

before the specified period. This way the

"certificate of class" remains valid but with a

condition.
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Port State Control (PSC) is the inspection of foreign ships
in national ports to verify that the condition of the ship
and its equipment comply with the requirements of
international regulations and that the ship is manned and
operated in compliance with these rules. MoU motives
are to protect their coasts from possible accidents

caused by ships, by detaining high-risk ships.

Key points: /
® Deficiencies
® Detentions
® Campaigns

(ex. Baltimore accident)

The sinking Amoco Cadiz
(Liberian flag) grounding 1978
on Portsall Rocks, 2 km from the coast
of Brittany, France. Ultimately she split

= in three and sank. Largest oil spill of its

kind in history to that date. Was the
motive for creating the Paris MoU.
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PSC

Some common ship deficiencies found by PSC inspections are listed below. Most of these are related to
LSA (Life Saving Appliances) and FFAs (Fire Fighting Appliances):

- deck fire line: holed

- fire pump: not working: unable to build pressure

- oily water separator: not working

- sounding pipes: broken, wasted

- lifeboats: keel plate wasted; engine not operational; rudder frozen; launching arrangement
seized; hull holed; seats rotten; brackets wasted; winch break defect

- fire extinguishers: not charged

- EPIRB 406 MHz: defect

- GMDSS MF/HF radio: defect; officers cannot use the equipment

- ship maintenance: does not conform to Safety Management System (SMS)

- accommodation: watertight doors inoperative; side scuttles deadlight not tight

- water ballast tank vents: non-return floats not working; vent piping corroded

- fuel oil tank quick closing valves: defective

- ventilators: steering gear ventilator sized open; engine room fire dampers corroded

- emergency generator: not working
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Associations & Networks

There are a number of international associations and environmental networks which participate

actively in the rulemaking process at international, regional and national levels. Including:

INTERTANKO (International Association of Independent Tanker Owners)
INTERCARGO (International Association of Dry Cargo Shipowners)
BIMCO (Baltic and International Marine Council)

OCIMF (Qil Companies International Marine Forum)

ICS (International Chamber of Shipping)

SIGTTO (Society of International Gas Tanker and Terminal Operators)
WWF (World Wide Fund for Nature)

GreenPeace
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Torrey Canyon incident (1967)

\

Oil companies founded OCIMF

Vetting

Oil companies and charterers conduct
tanker inspections as part of their vetting
programs to identify poorly maintained
vessels, prompting shipowners to take

immediate corrective actions.

No common
standards for
vetting inspection!

So in 1993 OCIMF launched the
Ship Inspection & Reporting (SIRE)

OCIMF

VIQ7 (2019 edition) = SIRE 2.0 (active since Jan 2024)

* Include human factor (ex. Where the crew familiar with us of

machinery and procedures? Is the underlying task performed

in an appropriate manner?). Crew evaluation.

* Vessel Inspection Questionnaire (CVIQ): An algorithm
generates custom-tailored questions for each inspection in

real-time using a tablet device.

* Take photos, verify the ones provided by vessel’s

operator

Approximately 8 hours OB



e i
eSS
e A 0

Aen
i
aN i ‘h‘%‘,\'y&

e
o &
A T .

(s



“Ships of Shame”
* Bulk carrier accidents
e 1988-1991
* Nearly 100 seafarers lost
* Western Australia coast

ex. MV "Derwent Hunter”,
MV "Jervis Bay"

{

Class, Flag & PSC
proved insufficient

'

A group of Charterers
founded RightShip

RightShip

* RightShip Safety Score

RightShip platform

The platform collects all
this information which
presents to charterers for
each vessel and company

Ship’s 5 year history of B S5 Considered
Incidents & accidents Algorithm 4 Safe,
PSC deficiencies & detentions L — 3 Proposes vet
Ship Managers (DOC) 2  Charterers
performance |. will avoid
Vessel’s flag and class —

e Vetting for dry bulk carriers

Request of customers who have a Vetting service contract with
RightShip (including BHP, Vale, Cargill and Rio Tinto). R/S has its
own trained inspectors or uses subcontractors following the Dry
Bulk Standard Vetting Criteria. RightShip Inspection Ship
Questionnaire (RISQ 3.0) is tool for planning an inspection.

* GHG Rating 2.0 (A-E Ratings) =l

Based on design + operation (EEDI/EEXI + Cll).
Dynamic, compares vessel to rest of the fleet.

1.6

Size Score

30 20 g 050 5 050 4, 20

30
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Tanker S&cm;es'

Oil Pollution Legislation
in Littoral States

®
~a
,-'1 of the USA

Gulde to
Port State Control
3rd Edition

INTERTANKO
___...Guide for a
- Tanker Energy
Efficlency

INTERTANKO

The role of INTERTANKO

INTERTANKO has been the voice of independent tanker owners since 1970, ensuring that the oil,
products and chemicals that keep the world economy turning is shipped salely, responsibly and
competitively.

Membership is open to independent tanker owners and operators of oil and chemical tankers, i.e.
non-oil companies and non-state controlled tanker owners, who fulfil the Association's membership
criteria. Independent owners operate some 80% of the world's tanker fleet and the vast majority are
INTERTANKO members. As of June 2003, the organisation has 242 members, whose combined fleet
comprises more than 2,160 tankers totalling 160 million dwt, which is 70% of the world's independent
tanker fleet above 10,000 dwt. INTERTANKO's associate membership stands at 273 companies with
an interest in the shipping of oll and chermicals.

INTERTANKO is a forum where the industry meets, policies are discussed and statements are

 created. It is a valuable source of first-hand information, opinions and guidance. INTERTANKO has a

vision of a professional, efficient and respected industry that is dedicated to achieving safe transport,
cleaner seas and free competition.

INTERTANKO
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Complexity

There are examples reported of some tanker being inspected as 35 times a year! An average
tanker portfolio of inspections each year contains (may be outdated):

(a) Chemical Distribution Institute (CDI): 1-2;

(b) SIRE: 2-7,

(c) independent charterer vetting inspections: 2-3;
d) terminal vetting inspections: 3-4,

e) P&l Club inspections: 1;

(
(
(f) ISM audits: 1, either internal or external;
(g) PSC: 3-4;
(h) flag state: 1,
(i) Class: upwards of 8 concurrent annual/intermediate surveys, e.g. IOPP, Certificate

of Fitness, Load Line, Safety Equipment, Safety Construction, Class and Safety Radio:
(J) and

USCG: 1 (Depending on how often will call US ports )
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What can be done to reduce emissions?

Reduce energy consumption

-

LOGISTICS AND
DIGITALIZATION

Speed reduction

Vessel utilization
Vessel size

Alternative routes

\ >20%

&

HYDRODYNAMICS

Hull coating

Hull-form
optimization

Air lubrication

Cleaning

o

MACHINERY

Machinery
improvements

Waste-heat recovery
Engine de-rating

Battery hybridization

5%-15% 5% -20

a4 E

FUELS
AND ENERGY

LNG, LPG
Biofuels

Electrification
Methanol
Ammonia
Hydrogen

Harvesting from
the surroundings

0%-100%

Low-carbon energy Clean up exhaust

AFTER TREATMENT
MEASURE

Carbon capture
and storage

SO TED EED GED GED GED GED G GED G SN GED GED GED GED GEn G S —
SRR R R R SRR R R SRR R R R R R R R R e e e
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Logistics

« Slow steaming (5-15% speed reduction or more!)

« Port call optimization (ships and ports can

coordinate on-time arrivals)

* Hull Cleaning The impact of a hull clean on aship’'s  The impact of a propeller polish on a
fuel efficiency’ ship’s fuel efficiency’

Side effect: Slow Steaming

increases demand for

i DAY 1 HULL CLEAN DAY 1 PROPELLER POLISH
maritime transport DAY 265 DAY 180




Digitalization

Artificial intelligence (Al)

Smart Contract

Machine Learning (ML) SUTE,S/‘ i Sumi
Internet of Things (IoT) o -

Blockchain S S m

Customer

Digital Twins Digital Twins
I e delaults :\f,';’sf,'{“

Weather Routing

DATP MMM B WNALMNMS 8 B OVENADE ) L (O SE AL SO - B g 00N

Shortest point .
for “Sta” to 8" Fuel consumption
AT B consvdenng sea state L. L
P \ 1200 Blockchain in shipping
\ .
A\ T,
g SJ \ \'\x
L
%\d ” \ S
Allposnble ¥ S
directions / | » 4\

Depar;ure

Economical shipping route
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Wind Assisted Propulsion (WAP) Technologies

Flettner Rotors (Magnus effect): tall, cylindrical rotors mounted
vertically on a ship's deck. It is the most common application with
CAPEX = 3M$ - 6M$

Suction Wing Sails (thrust mainly from Airfoil’s lift force): vertical non-
rotating wings shaped as adjustable airfoils. Internal vents and fans suck
air from the low pressure side increasing AP and thrust.

Towing Kite (thrust mainly from drag force): large kite-like device
deployed from bow.

Rigid Wing Sails (Variable-camber, both drag & lift); are comprised of a
fixed, rigid structure to maintain a consistent aerodynamic shape.

Soft Wing Sails (Variable-camber, both drag & liff): combine the
benefits of soft sails and rigid wing sails.

Soft Sails (both drag & lift): derived from the traditional yacht sails and
they are typically consist of multiple freestanding, rotating masts, each

carrying series of individual sails.

Suction Wing Sail
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Flettner Rotor ships since 1924

The rotor ship Buckau (1924) The rotor ship Barbara (1926)
experimental rotor vessel normal freighter ship

BIEDEL




Wind cover (containerships)

* Wind Cover (up to 1% net savings for

containerships)
Air resistance normally represents about 2% of the
total resistance, however, for loaded container ships in

head wind, the air resistance can be as much as 10%.

Case

Wind
resistance
reduction
rate

* SGC (Side Gap Cover) in containerships

(~0.5% net savings)

Abt. 13% Abt. 1% Abt. 12%

Abt. 1%

Typical Lashing bridge
configuration



A state of the art Design

o0 General Layout (16,250 TEU)

Full Container Loading on Deck
- Maximized Loading Capacity

Accommodation
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e Bunker Station Fwd. W/H
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___ Methanol/Ammonia Fuel Tank
- Optimized Location

L Fuel Supply System



A state of the art Design

Engine casing

Bridge wing ;";‘;’—e?aeﬁuip

Blind sector
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Rudder bulb / Costa bulb

Integrated propeller
and rudder

Becker Rudder

Rudder Design

Gate Rudder consists of two asymmetrical rudders placed in
parallel either side of the propeller instead of placing behind the
propeller

Twisted Rudder is a type of full-spade rudder with upper and
lower sides that are designed asymmetrically to consider the
wake inlet angle of the propellers.

Becker Rudder is a multi-section rudder; the hinged aft section
gives the rudder an extra control surface, enhancing
maneuverability with small effect on efficiency.

Rudder bulb / Costa bulb consists of a bulb attached on the
rudder in line with the propeller resulting to smoother inflow to
the rudder.

Integrated propeller and rudder, where the propeller is directly

mounted to the rudder.
69
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Twisted Rudder




Twisted rudder (1940s Victory ships)

* ”hggo' VICTORy

".__,.._AND DR!QQN,

Al SR

ST, |

——_a

g
-

.
\p

Left: Final preparations before

the launch of the Bramerd Viciory.

Note 191t diameter propeller and
rudder with twisted trailing edge
to improve steering.
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Kappel
propeller

CLT propeller

NPT propeller

Propeller Design

Kappel propeller has blades curved towards the suction side in
especially towards the blade tip.

Contracted Loaded Tip (CLT) propeller, has end plates at the blade
tips.

New Profile Technology (NPT) propeller, designed with special
blade sections

High skew propeller, with skew angle more than 25 degrees.

Controllable-Pitch (CPP) Propeller, blades that can rotate relative to

the hUb High skew

propeller

Sharrow Propeller, consisting of
a loop blade design.
ABB Dynafin™ composed of

rotating vertical blades, mimicking

a whale tale motion. ABB Dynafin™ cpp
71 propeller



Devices for propeller efficiency

* Propeller boss cap fins (PBCF) consists of a propeller boss fitted
with short blades inclined to convert hub vortex energy into
additional torque and thrust.

» Becker / Mewis duct consists of a wake equalizing duct combined
with an integrated pre-swirl fin system positioned ahead of the
propeller.

» Schneekluth Wake Equalizing Duct consists of two nozzle-

Schneekluth shaped halfring ducts installed on both sides of the stern ahead of

Wake Equalizing Duct

the propeller.

* Pre-swirl stator consists of multiple curved fins and a ring

attached to the ship’s hull, ahead of the propeller.

* Propeller nozzle is a circular casing enclosing the propeller which

Propeller boss cap
fins (PBCF)

72

y v increases the thrust at low speeds.
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Bow design
* No bulbous bow: Designers may even choose not to include a bulbous bow if the intended operating speed of
the ship is such that the benefits gained from reduced wave-induced resistance are outweighed by the

increase in frictional resistance.

1975 VLCC -~ 2000 VLCC
(No bulbous bow)

PEETY S - ottt ¥/
.l ASTRO ‘Pan 1 b
““ooma CASTOE A o
SRR Py,




Bow design

* Bulbous bow retrofit

Bulbous bow is optimized for the new operating
profile provided by the ship owner. Use
optimization tools and CFD programs to search
for different shapes of bulbous bows and use
optimization algorithms to generate the optimal

shape.

CAPEX
100k$ - 300k$







Coatings

* Shark Skin Coating * Silicon coatings > biocidal copper coatings

Composed of tiny scale-like elements that can actually « Full blast > Spot blast

flex in and out to impede growth. In the future it could Bl ot

. . . . Cll rating with coating effect based on Cll Reference: 2.6
replace conventional antifouling coatings

Cll Yearly % Difference from Reference Year

24,10%
18.70%
20.00%
13&/
10 00r% 7,99"’/
- 072%
o 0.00% 0.06% -
' 3 M 0
D0 \Nw v —2a7% oy
p A GRS o 5.17% ; =
Py 6.56% |
10.00% I
2022 2023 2024 202% 2026 2027 3‘
. Hempaguard X8 W Hompaguard X7 N Giobic 7000
BootTop, Vertical Bottom & Flat Bottom 2022 2023 2024 2025 2026 2027
Full blast * Hempaguard X8 2.55(C)
FUll Dlast » Mempaguard X7 2.55 (C)
Spot tiast * Globic TO00 2.95(C)

Assumotions: Same trade every vear, 3:1 Power 10 Soeed Relationshio 7 6



Air lubrication System (ALS)

Up to 9% net savings

Air lubrication reduces the drag

force on the wetted surfaces of

the hull due to the lower

viscosity of air compared to

water (it reduces the friction

resistance of the FOB).

funnel

bridge

"o "i-;;_;;.‘i;:i':.‘i‘,':.. AN B

alr huihhlae

Typical Typical Flat of Bottom Expected Net

Ship Type Operational Operational as a % Silverstream® System

Speed [kts] Draught [m] of total WSA Performance
Tanker & Bulk Carrier 13-15 13-20 35% - 50% 4% - 6%
Contalnership >9000 TFU 20 -23 14 - 16 25% - 30% 4% - 6.5%
LNG Carrier 16 - 18 9-12 35% - 42% 6% - 9%
Cruise Vessel 18 - 20 8§-9 20% - 30% 4% - 7%
Large RoRo 18 - 22 7-8 26% - 32% 5% - 7%







Hydrodynamics & Aerodynamics
Maximum power savings

Wind cover (containerships)

ALS

Bulbous Bow Retrofit

Becker Mewis Duct

Wake Equalising Duct

Propeller Redisign

Boss Cap Fins

Costa-Bulb with conventional rudder
Costa-Bulb with Twisted Rudder
Twisted Rudder

0,00% 2,00% 4,00% 6,00% 8,00% 10,00% 12,00% 14,00% 16,00%
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Waste Heat Recovery (WHR)

1 water loop (40% prop.glycol mixture)

Up to 500 KW electrical power with no CO2 generation Hot- and cold

Sea waler cooling from central sea waler system

Converting an engine’s excess thermal energy into electrical power.
This can be achieved by an Organic Rankine Cycle (with working fluid Direct power grid connection

Jackel cooling water from HT cooling sysltem

ex. 40% prop. Glycol mixture). The electricity is automatically fed into
the ship’s grid, reducing demand on the auxiliary engines, so CO2 {.

Cxcess steam input from common service steam line

Evaporator Organic Rankine Cycle
Heat input from Hot waler loop @_@
Condensale relum ’ G @ EXp ndel'
Condenser
Simplified system layout (for Cold water loop Cooling
preliminary) d [va
Heat input =) @ VA /L '
from JCW i N/
Preheater Pump
_ Operational range (80°C — 145°C)
Heater/Evaporator ) 5
: 81
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Engine Part Load Optimization (De-rating)

From 2% to 10% CO2 reduction

From design, the vessel engine and propeller are both designed and optimized for a given operational and maximum

speed. If the vessel true speed is generally lower than originally optimized for, derating of the main engine and propeller

ROl = 2-3
years

may be considered. ...not favored by engine makers

Part- and low load | T/C Cut-Out | Fuel savings up to 6 g/kWh

ECT Fuel savings up to 3 g/kWh

VTA (or VGT) Fuel savings up to 5 g/kWh

EGB Fuel savings up to 5 g/kWh
HPT Fuel savings up to 5 g/kWh
High load TCS-PTG Fuel savings up to 7 g/kWh

T/C Cut-out 6-7 mo project

Electric Turbo
\C}gwgﬁgnﬂr}gine Angle
Exhaust Gas Bypass

High-pressure tuning

Turbo Compound Systems with
Power Turbine and Generator
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Emulsion

ME efficiency increase up to 5%

Mixing water and fuel to an emulsion will lead to
an altered combustion characteristic and an
optimized fuel system (atomizers). NOx
reduction.  Possible  reduction in  fuel
consumption by utilizing the evaporation energy
from the water in the power stroke of the

engine.

@/ M@
Dispersed -
water Surfactant film

Primary atomization




Variable Frequency Drives (VFDs)

Up to 1% CO2 reduction

Fans and pumps often operate binarily, (either off or operating at full capacity). Instead
these can be dynamically operated depending on the real requirements. Applications e.x.

cranes, winches, bow thrusters, ventilation, pumps, compressors, OW separators, S/G

Phase Pump Motor

Pressure
T

Pressure
transducer

Power (%)

Fixed speed pump -
90— -

T T T T T T T T 1
O 10 20 30 40 50 60 70 8¢ S0 100
Flow (%}
by Journal of Marine Engineering & Technology




Shaft Generators (S/G)

NPV of savings in LIS doliars

Thousands
900
Saves up to 20% of original GE consumption wo| NPV of savings of Shaft Gen.

installation in a 50 kK DWT MR
/0 product tanker
Improved efficiency for electricity generation (due to the higher w0 by MAN ES

efficiency of main engine compared to auxiliary ones). Decreased fuel,

lubrication and maintenance costs %5

Main SWBD

12 15
Period of onalyaia [yeara)

2 MONTHS
RETROFIT

Shaft Qenerator

CAPEX = 3.5M$ -
4M$




Shaft Generators (S/G): Types

Salient Pole Permanent Magnet Squirrel Cage
(Synchronous) (Synchronous) (Inductlon)

EMG
(Engine Not Applicable
Mounted)
In-line No Photo
(with Shaft) But Capable to produce
Up to 5.5MW
Gear Box Conventional type
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Batteries

Up to 1% net savings

Redundancy is crucial on ships, prompting the use
of multiple auxiliary generators. Incorporating a
battery as a "spinning reserve" ensures continuous
operation with a single engine, maintaining
redundancy in case of issues and improving power

generation efficiency during peak loads.

© Energy Storage System O Power Converting System
=
7 15y
= AZAA
Spinning reserve/ Motor drive/grid protection/
peak shaving battery power conversion

Hybrid Propulsion System

Propeller

(optional)
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Main Engine Upgrades faan)

MAN Energy Solutions

 PMI VIT (Performance Measuring Indicator Variable * EcoCam enables efficient slow steaming with operational
Injection Timing), with 9% fuel savings. flexibility for mechanical engines, with fuel savings of 2-6

 PMI ACCo (Performance Measuring Indicator Adaptive g/kWh.

EcoNozzle with fuel savings of 2 to 7 g/kWh.

Cylinder Control) with fuel savings of 1 to 3.5 g/kWH




Main Engine Upgrades

e aSTC (automated Sequential Turbocharging) with fuel

savings of up to 5 g/kWh at low engine load.

* Improved combustion efficiency by increasing the

cylinder pressure, increasing compression ratio and

optimized fuel injection an exhaust valve closing timing

Scavenge Air Receiver

Exhaust Gas Manifold

TC Turbocharger
CV Compressor
switch ON/OFF
Valve

SAC Scavenge Air
Cooler

TV Turbine switch
ON/OFF Valve

WS Water
Separator

SA Sealing Air

WIN GO

Winterthur Gas & Diesel

* VCR (Variable Compression Ratio) with fuel savings up to 6

g/kWH (for Gas Mode) and 8-12 g/kWh (for Diesel Mode).

I




Electrical/Electronic Upgrades

« LED lighting (~1%)

Comparison of the energy consumption, economic, and environmental factors of the lighting systems

Lighting | Lamp System Electrical el.lergy Fuel . L’ightiﬂg Exl?au?;f; emissitfns
systems type power [KW] cgnmxrzpﬂoxx OOHEUITIIYCIOH cosf: from lighting [ton/year| |
' [kWh /year] [ton/year] [USD, year] CO2 NO, | SO | PM
FL 16.6 119 674 27.8 9193 75.04 1.90 | 1.27 | 0.19
Existing IL 6.1 5 160 1.2 396 3.24 0.08 | 0.05 | 0.01
lighting MFL 21.3 90 034 20.9 6 916 56.45 143 | 0.95 | 0.14
Total 44.1 214 868 49.8 16 505 134.72 | 3.42 | 228 | 0.35
LED LED 17.9 100 810 234 7744 63.21 1.60 | 1.07 | 0.16

lighting
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Machinery Upgrades:
Maximum power savings

PMI ACCo, EcoCam (MAN) IS
PMI VIT, EcoNozzle (MAN) I
VCR (WinGD) I
De-Rating I
S/G R 20% of DG

consumption

LED 1

Emulsion I
Batteries M
WHR (ORC) I
VFD H

0% 5% 10% 15% 20% 25% 91
91



LNG Carriers : RE-Liquefaction

- Payback of abt. 4 years
« <2 mo DD & gas trials

methane tends to heat up
Trend - Re-liquefaction & ALS retrofit and evaporale.

« All the natural BOG generated from cargo
tanks is used as fuel due to low propulsion
efficiency.

« The need for re-liquefaction and surplus gas
management is low.

RN
15T Generation 2ND Generation 3*" Generation

T—

Steam Turbine DFDE DF ENGINE
(BOG Combustion) (BOG Combustion) + RE-LIQUEFACTION

+ (ALS & WAPS)



LNG Carriers : RE-Liquefaction

BOG handling system LNG bunkering system

HP FGSS LNG Fuel containment system 93
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Alternative fuels

As seen in Part 1, regulations are getting stricter with time. Older ships will not live to
experience the final regulations. So, for them it is more profitable to stick to the ESD
technologies (discussed so far), achieving 3% - 15% GHG reductions. In contrast
newhuildings and younger ships will experience the final stage of the regulations, so for
them the alternative fuels and Carbon Capture are also considered.

Best compliance investments depending on ship’s age:

VESSEL AGE GREEN SOLUTIONS CII IMPROVEMENT CAPEX
Next slides  ===»{  Under 5 Year DF Conversion / OCCS HIGH HIGH
Under 10 Year  Re-liquefaction/ ALS / Rotor Sail / Shaft Generator MEDIUM MEDIUM

Later on w=——p

[HMI Green Solution]

PBCF / Pre Swirl Duct /
No Limit Bulbous Bow / Propeller Retrofit / Wind Cover / LOW - MEDIUM LOW
VFD / LED / WHRS / MSS / Coatings




HYDROGEN GAS = ENERGY CARRIER

used to store and move energy 3

FULL of POTENTIALY



Alternative fuels: Definitions

@ Grey/Black/Brown fuels
Grey/Black and Brown fuels are generated from traditional fossil fuels sources with the
shades normally referring to the fossil fuel feedstock which is used in the process (eg

O brown/black for coal and grey for natural gas). The carbon dioxide (C02) and any carbon
monoxide (CO) generated during the process of fuel production are not recaptured.

@ Greenfuels
Green fuels are those where the production employs electrolysis—the separation of
hydrogen and oxygen molecules by applying electrical energy to water. To be a green
fuel, renewable sources such as wind and solar power are used to generate the
electricity for the separation process. When applied to fuels such as methanol, it
normally means that the hydrogen is produced in this way and the carbon dioxide (C02)
used has been captured from the air. For ammonia, it means the hydrogen has been
produced in this way and the nitrogen used has been separated from air using renewable
energy.

Yellow fuels are those where the hydrogen used is generated through electrolysis using solar power.

GLOSSARY OF CLIMATE CHANGE DEFINITIONS IN RELATION TO SHIPPING 97




Alternative fuels: Definitions

Blue fuels
Blue fuels are those which use hydrogen produced from traditional fossil fuels but where the carbon

dioxide (CO2) from steam reforming is captured and stored- using carbon capture and storage (CCS).

Blue ammonia therefore means that the carbon generated in the production of hydrogen has been
captured and stored using industrial CCS. The term blue is also used when the gases used to
generate the fuel have been recycled or are reused from another industrial purpose eg blue
methanol.

Turquoise fuels are those which use hydrogen that is generated from the decomposition of methane
by pyrolysis (which creates hydrogen and solid carbon) and where the electricity used in the pyrolysis
is generated by renewable energy sources.

red/purple fuels
Pink fuels are those where the hydrogen used is generated through electrolysis powered by nuclear
energy. Nuclear-produced hydrogen can also be referred to as purple hydrogen or red hydrogen.

White fuels
White fuels are those where hydrogen, which is naturally occurring and geological found in

underground deposits, is created through fracking. There are no strategies to exploit this hydrogen
at present.

GLOSSARY OF CLIMATE CHANGE DEFINITIONS IN RELATION TO SHIPPING
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Alternative fuels: Definitions

O Synthetic fuels
Synthetic fuel is a generic term applied to any manufactured fuel with the approximate composition
and comparable specific energy of a natural fuel. It is primarily used to refer to carbon-based liquid
or gaseous fuels manufactured, via chemical conversion processes, from a carbon source such as coal,
carbon dioxide (CO2), natural gas, biogas, or biomass. This includes using established conventional
fossil-based processes.

® Electrofuels (eFuels)
Electrofuels are advanced gaseous and liquid fuels normally produced from hydrogen and often
captured carbon dioxide (CO2) and which use sustainable electricity as the principal power source for

the generation of the fuel. The “e” refers to the method of production of the fuel.

GLOSSARY OF CLIMATE CHANGE DEFINITIONS IN RELATION TO SHIPPING
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Alternative fuels: Definitions

@ Biofuels
Biofuels are liquid fuels produced from biomass. Biomass means the biodegradable fraction of
products, waste, and residues from biological origin from agriculture, including plants, vegetables,
and animal substances, from forestry and related industries, including fisheries and aquaculture, as
well as the biodegradable fraction of waste, including industrial and municipal waste of biological
origin. (European Parliament & Council of the European Union, 2018; Jeswani et al., 2020)

® wco Biofuel
Waste cooking oil (WCO) is a food waste generated domestically and industrially as a result of
cooking and frying food using edible vegetable oil. WCOs primarily consist of triglycerides,
monoglycerides, diglycerides, and free fatty acids, with varying amounts typically ranging from 5 to

20% by w/w. Can serves as feedstock in the synthesis of biodiesel & biolubricant.

GLOSSARY OF CLIMATE CHANGE DEFINITIONS IN RELATION TO SHIPPING




Alternative fuels: Definitions

LNG: Liquefied natural gas (LNG) is a relatively mature low-carbon fuel, (predominantly methane, CH,,

with some mixture of ethane, C,Hg). The gas extracted from underground hydrocarbon deposits contains

a varying mix of hydrocarbon components, which usually includes mostly methane (CH,), along with

ethane (C,H¢), propane (C5Hg) and butane (C4Hq,). Because of its carbon to hydrogen (C/H) ratio offers a

reduction in CO2 emissions of up to 20 percent compared to baseline heavy fuel oil (HFO). Reduces NOx

emissions by up to 80% and almost eliminates SOx.

—~ @

9
9

CHy + 20, — CO» + 2H>0

10
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Alternative fuels: Definitions

Ammonia: Ammonia is an inorganic chemical compound of nitrogen and hydrogen with

the formula NHs. The process of making ammonia is currently not a “green” process. It is most
commonly made from methane, water and air, using steam methane reforming (SMR) (to produce the
hydrogen) and the Haber process. Approximately 90% of the carbon dioxide produced is from the SMR
process. This process consumes a lot of energy and produces around 1.8% of global carbon dioxide
emissions. Although, TtW emissions are zero:

4 NH3+3 02 - 2N2+6H20

Methanol: Is the simplest aliphatic alcohol, with the chemical formula CH3OH (abbreviated as MeOH).
Methanol may be made from fossil fuels or renewable resources, in particular natural gas and coal, or

biomass respectively. In the case of the latter, it can be synthesized from CO2 (carbon dioxide) and
hydrogen. The vast majority of methanol produced globally is currently made with gas and coal.

Hydrogen: In 2022 less than 1% of hydrogen production was low-carbon.[1] Fossil fuels are the
dominant source of hydrogen, for example by steam reforming of natural gas.[2] Other methods of
hydrogen production include biomass gasification and methane pyrolysis. Methane pyrolysis and water

electrolysis can use any source of electricity including renewable energy. Underground hydrogen is
extracted. Although, TtW emissions are zero:

2H2+02- 2 H20
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HYDROTREATED VEGETABLE OIL

Ammonia
HTL Biocrude

Pyrolysis Oil

HFO
LSHFO
MGO
LPG
LNG
Methanol

STRAIGHT VEGETABLE OIL --- -----

Biodiesel
HYDROTREATED VEGETABLE OIL --- -----
Ammonia -
HTL Biocrude
Pyrolysis Ol ---—

Alternative fuels

Q Pyrolysis oil, (bio-crude) is a synthetic fuel.
It is obtained by heating dried biomass
without oxygen in a reactor at a temperature
of about 500 °C with subsequent cooling,
separation from the aqueous phase and
other processes. High oxygen content, non-
volatility, corrosiveness, partial miscibility
with fossil fuels, thermal instability, tendency
to polymerize when exposed to air.

Hydrotreated vegetable oil (HVO) is

a biofuel made by

the hydrocracking or hydrogenation of vegeta
ble oil.

Vegetable oil can be used as an alternative
fuel in diesel engines and in heating

oil burners. When vegetable oil is used
directly as a fuel, in either modified or
unmodified equipment, it is referred to

as straight vegetable oil (SVO) or pure
plant oil (PPO).

Challenges and opportunities for
alternative fuels in the maritime sector
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Alternative fuels: Price

NW Europe alternative marine fuels vs VLSFO, S/t VLSFO-equivalent, July 2022 avg
$/ton. of 4,000,

mmmm alternative marine fuels -
VLSFO 3,500 + (.02 emissions cost
equwalent 3 000 weYLSFO with CO2 emissions cost and EU tax
' ' VLSFO
2,500 -
i 1,725

1,500 +

1,235
i = — N

500 4

1,090
793

methanol B20 biodiesel" B100 biodiesel* LNG** ammonia green ammonia  green hydrogen biomethnaol

* biodiesel: Amsterdam-Rotterdam-Antwerp advanced FAMF, less Netherlands renewable fuel credit, plus delivery and blending
“*L NG price includes CO? emissions cost and FU tax on | NG for bunkering
Source: Argus Marine Fuels
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Source: ABS (Jan 2024)

Fuel

CmI Engine

2025-2029 | 2030-2050

Total cost = Price + Penalties

Total Cost ($m)

Toul | mank

Conventional’

HFO

LHEQ

‘Blue-Ammonia

cost(&n)r

Bio-diesel -

i
A
905 | 18
1200 @ 27

842 9

827 T

500.0

1,000.0

1,500.0

2,000.0

©|le ~ o o h;w;n;-

LNG DF

LNG
LNG__

""HFO

NG ﬁj,

NG _

———— L —— —_— | —

10 e

Blo-LNG

—-—----——----------

HFO

HFO

‘Blue-Ammonia

LNG
BIO-LNG
e-LNG

5 e-Almmxnd

785 4

.
818 15

: ‘Blue-Ammonia -

— BB B

-«-‘—--

735 1
865 14

go . M.

796 5

;" Methanol DF - "

Mc!hanol

Methanol

Blo Methanol

" ‘Blue-Ammonia:

Iuo-Ammoma

: Methano!
Blo-Mothanol
e—MothanoI

L1382 33

27 Tae
1009 @ 25

932 . 22

030 21

e
1145 - 26

e
O

_32_AmmoniaDF __ HFO
 Ammonia

et
¢ Conversion in 2030

HFO

Ammonia

. e-Ammonia

Blue-Ammoma
B!ue-Ammonla e-Ammonia

.57 T 38

Cese 23

.86 i 6
LT84 3

1365 32

880 = 17

1 NB Price

Conversion Price

I Fuel Cost

[WEUETS g FuelEU Maritime [ Cargo Loss Cost

105



Alternative fuels: A guess

Million tonnes fuel

900

800 An Estimation on future fuels:
Single fuel corresponds to conventional FO
700 marine two stroke engines while rest refer to DF

600 -
500
400
300 _

200
100
0
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v
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=
o2
>
Q
®
m
-
@
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Engine Technology readiness

Alternative fuel / DF Combustion Engines

J
,

49

LNG in Sewice —
Methanol: in service since 2016 =

Ammonia: still in research level.

Expected NB engines ~ 2025 —>
Expected retrofits ~ 2026-27

Hydrogen: still in research level

7 Mar 2024: World-First Hydrogen Test!
on a marine two-stroke engine

Key issues to be solved:

Methane slip

No substantial WtW reduction if it is
grey methanol

Banned from certain Ports!
Safety aspects

Regulatory gaps

No IMO requirements (only class)
N20 emissions (Ammonia slip)
Crew training & maintenance

Safety aspects

Regulatory gaps

No IMO requirements (class recently)
Unburn H2 - GHG (Hydrogen slip)
Crew training & maintenance
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Engine load |

MS rate 1

Methane is an extremely powerful GHG.
Methane slip (MS) can potentially offset the

climate benefits of LNG if not addressed.

Unburned CH4
Invisible cloud

LNG contains 90% methane

Some of the methane remains unburned
and escapes into the atmosphere
because of flame quenching and
scavenging losses

Methane sliplg/kWh)
W
o

LNG: Methane slip

Result of MSS (Methane Slip Solution, H35DF)

8

100 g5 /5 50 25
Load(%)

. Heduction(%) ===without MSS  ===with MSS

80%

60%

40%

20%

Reducticnt% )

Cylinder
Cut-Off
(CCO)

X . deactivation IX

iF

EU ETS
included by

2026

Possible solutions (CCO need no
physical installations) :

Engine Gas |
Recirculation / 38
(EGR)

.

Reduction

methane slip
by ~ 45 %

Multi Pilot Injection
(MPI) Micro Pilot

Injector
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Dual Fuel (DF) Engines vs Conventional

Concept: conventional diesel engine basis
with additional methanol/ ammonia injection
system

Ex. below WinGD DF engine differences
from conventional:

New cylinder cover

Methanol/ammonia fuel
injection system

Additional servo oil rail

What changes when burning alternative fuels?

In order to burn alternative fuels (LNG, LPG, MeOH,
Ammonia) for marine propulsion, a conventional diesel
engine can be used with modifications in the fuel injection

and supply system.

Adapted platforms and piping

Additional servo oil supply unit
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Hydrogen Engines

7 Mar 2024:
World-First Hydrogen Test!
on a marine two-stroke engine

ISSUES TO OVERCOME...

» Safety aspects

* Regulatory gaps

* No IMO requirements (class recently)
* Unburn H2 - GHG (Hydrogen slip)

* Crew training & maintenance

Hydrogen Transition

B Newbuild [l Retrofit

250

200 —
== //
150 s
7 13%
100 e
//
e 27%
2020 2020 2040

2050
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Fuel Cells

Fuel Cell Basics: Working Principle Electricity Heat

Fuel Cell = Electrochemical Energy Conversion Device

* Input: Fuel and oxidant H
2

* Output: Electricity, water & heat ©

Membrane Electrode Assembly (MEA)

* Anode = Hydrogen oxidation

® Cathode — Oxygen reduction
* Membrane = Proton transport & gas barrier
&
Anode Cathode Excess O,




Fuel Cells

Electrical

Efficiency Applications Advantages Challenges
(LHV)

Fuel Cell Common Operating Typical Stack

Type Electrolyte Temperature Size

Backup power

Polymer « Solid electrolyte reduces corrosion &

Electrolyte 60% direct H;! = Portable power electrolyte management problems Expensive catalysts
Y Perfluorosulfonic acid <120°C <] kW - 100 kW 40% « Distributed generation Vi€ 9 « Sensitive to fuel impurities
Membrane * Low temperature
reformed fuel" » Transportation

(PEM) * Quick start-up and load following

Specialty vehicles

Aqueous potassium . Military * Wider range of stable materials
Alkaline hydroxide soaked < Space allows lower cost components + Sensitive to CO; In Tfuel and air
(AFC) in a porous matrix, <100°C 1-100 kW 60% o Ficiaity richoar » Low temperature » Electrolyte management (agueous)
or alkaline polymer P A ¢ Quick start-up s Electrolyte conductivity (polymer)
« Transportation
membrane
e
Phosphoric acid 3-400 kW, » Suitable for CHP * Expensive catalysts
Phospnoric soaked in a porous 100 kW moduie * Increased tolerance to fuel « Long start-up time
Acid L patiows 150 - 200°C (liauid PAFC); 40%" - Distributed aeneration ik e - Sadighie
matrix or imbibed in a impurities * Sulfur sensitivity
(PAFC) <10 kW (polymer
polymer membrane
membrane)
. , » High temperature corrosion and
Molten M°;‘°“ i B « Electric utility ?'g'l‘fe"'.c"."lncy breakdown of cell components
Carbonate and/or potassium 600 - 700°C 00 kW - 3 MW, 50%¥ « Distributed generation ¢ Fuel iexibility = Long start-up time
carbonates, soaked in a 300 kW module » Suitable for CHP
(MCFQC) - v : « Low power density
porous matrix = Hybrid/aas turbine cycle

Solid * Auxillary power . ?:‘%?;;:m;cy » High temperature corrosion and
Yttria stabilized » Electric utility y

k 7 " A . breakdown of cell components
(gggg) Zirconia S SHAI0 K b Rt S * Distributed generation SORCLeCH e * Long start-up time

« Suitable for CHP S
« Hybrid/gas turbine cycie = Limited number of shutdowns

Commercially successful fuel cell technologies 113



Fuel Cells
Marine Fuel Cell Systems ? Wj

Example: Power Cell’s

Official term in the rules: Fuel Cell Power System 200N Marme ystem”

> FC module(s)

BOP Power Supply

U
* Self-controlled unit, containing - E .
e

§ [ Yentitation J—:——b Ventilation Air Exhaust EAl %w"«'g
: ' System ' o sty
» BOP sub-systems : ; : '

" Process Air ——:-[ S:';i:’:&l:’“ J— ] : it Anode Exhaust
» System & Safety controllers -

Coolant
- Sub-System Module(s)

" Ve nti lati on SySte m Ji"r Coolsng }—‘ Fuel Cell " i » Cathode Exhaust

7

»

@ i HE-
Powe r Ra n ge Hydrogen s . Hydrogen Supply ]—- : : : Ship Flectric Grid
: ‘

.....................

]
'
Ventllation Alr sty

» 100 - 500 kw Fo e S

Shl:x:::::x::iﬁ:z;:::: - "{F( Control System Jl ------------------------- { FC Safety System ]Q-"--P Ship Safety System

Fuel cell power system schematic including sub-systems 114



Fueling Options

Natural Gas

Reformate

»

Hyd | g SOrC
ydrogen . OF(

System
Methane ]
[ ‘:{ .;ij:‘:ij; J

C e Py n~ 54 -60%

PEMFC
System

Reformer

r

i

L

i

i

1
11
| (n- 75%)
1

I

I

|

1

£

A

Hydrogen
(CH, & LH,)

n~45-51%

Fuel Cells

Main Hazard:

Hydrogen leakage > high risk for crew and ship

+£ n~54to060%

(65% was reported)

5 n~34t038%

;’,{4' n~45to51%

Major fuel options for fuel cells:

* Hydrogen
* Methane
* Methanol
« Ammonia
High efficiencies:
« PEMFC: 34-51%
« SOFC: 54-60%
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Onboard Carbon Capture Sys (OCCS)

The key challenge for CCS onboard lies with Storage

Still in research level...
High potential: Research prototypes
 Energy demand up to 70-85% capture rates

» Solvent or other process means availability, storage

and onward Management of CO2. Other challenges are

management

* Purity of exhaust gas treated — Sensitivity to some
impurities may be very challenging e.g., Minimal
concentration of SOx (even ULSFO) maybe a barrier.

* Purity of CO2 produced — CO2 global value chain may
have strict standards on CO2 quality, greater purity

requirement may apply




Onboard Carbon Capture Sys (OCCS)

KEY POINTS
> Based on the volume/mass of CO2 produced onboard CO, capture CO, transport
but also cost and energy demand, partial capture seems f /1_ Y O .{ N
more feasible (starting from a 25% rate of absorption) - [%‘B -2 O ‘ W
Capture from
> Other storage options include transformation of CO2 to e Camprstsion. e o T ikt
a solid by-product or even disposal at sea (3rd option €0, Ships

seems quite remote and immature)

CO2 to become
a traded

> LNG as fuel presents > 30% efficiency in terms of

volume/mass of CO2 produced commodity

> Based on volumes of CO2, a global value chain of

CO2 with many collection points is a key prerequisite

CO, storage
in offshore reservolir

Well
Injection
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Onboard Carbon Capture Sys (OCCS)

Calcium Looping Membrane Technology

Chemical Absorption

Chemical Adsorption: CO2 in Exhaust absorbed by chemical solvent

Calcium Looping: The process consists of two main cycles: an air contractor (CO2
capture cycle) and a sorbent regeneration cycle

Membrane Technology: Selective permeation of gases in exhaust through
membrane

Cryogenic Carbon Capture: CO2 in exhaust cryogenically cooled with other
components separated

Molten Carbonate Fuel Cells: MCFC can operate as a CO2 separator and
concentrator while generating power

Pre-Combustion Carbon Capture: The process primarily focuses on methane
cracking , capture of carbon in solid form and use of the deriving hydrogen in

combustion blending or fuel cells
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Onboard Carbon Capture Sys (OCCS)

World's First Full-Scale OCCS Retrofit = Feb 2024

Seatrium will install a seven-megawatt capacity carbon
capture system from Wartsila aboard the ethylene
carrier Clipper Eris, owned by gas carrier and petchem

specialist Solvang ASA.

The capture system will use amine scrubber technology
to pull about 70% of the CO2 out of the exhaust gas
from the main engine. This CO2 stream will be chilled,
liquefied and stored on board the vessel for later

offloading.

119



Nuclear propulsion: NS Savannah

Hurdles to be overcome:

| « IMO resolution to allow nuclear ships to
gy trade in port
e =% * Proof of concept (technical and safety

NS Savannah

issues)

« Commercial employment of the ships

« Leasing of the reactor

« Lifetime supply of nuclear fuel

« Exchange of the reactor enrichment of
the fuel when depleted

« Provision of nuclear reactor operators by
the reactor manufacturers
Launched 1959 « Back to steam for the engineers of the

Deactivated 1971 ships

« Control of operating costs

One of only four nuclear-powered
cargo ships ever built
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Small Modular Reactors (SMR)

Copenhagen
Atomic
developed from
4 to 78 persons
in 8 year.

Thorium based
Molten salt
reactor
expected test
start during
2025

Sicher
Ralffe

—
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TO WATCH

Green propulsion technology and digitalization (one following the other) will lead to more expensive and

complicated ships, making shipping, an already high-risk business, even more complex. As a result:

1) Ships will become more expensive to purchase and operate. This might affect traditional ship investing
and ship owning as we know it to date. We might see new-type owners, alternative ship financing and

management schemes.

2) Crew and shore personnel competency will be a challenge. The next generation of officers, naval
architects, marine engineers and the management staff will have to deal with a completely different
landscape compared to the past generations. Universities and marine academies will probably need to

update their curriculums.
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TO WATCH

During the transition period from sails to steam, Victor Hugo in his "Toilers of the Sea"

(1866) wrote:

"OL oopol arnepptyav ta atuondoia wc aduvarta. Ot LEpe(c Ta Katadikaoov
w¢ aceBn. H emotnun ta katadikaoe kat n Jonokeio T EYKATEAELY E OoTNV
anaéiwon. O QouAtov Vewpninke vea Lopen tou Aovoipep. Ot amAoi
avIpwrol OTIC AKTEC KoL OTa YwpLa ermtBeBaiwoav Ti¢ MpokaTtaANYeLg touc
avnouywvtac yla to napaéevo auto veaua.”

""""""""
o

i // s

!ﬂdel\f nw"" >
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a go maritime initiative

Thank you, questions?
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Appendix 1: Generic Rules and Regulations

Bul¢z and Rezulations

The Vesvel shall be regictered 1 3 Port of Greece and shall comply with the
following Rules and Reguiations:

()
®)
(<)

@

@
@

(®)

6]

)

(=)

(o)

Mantune Rules and Regulations of the country of registry

Mantime Rules and Regulanons of the loading and discharging ports

International Convention on Load Lines, 1966 wath the Protocol of 1988 up 1o
Ameadment 2021

Intermational Convention for the Safety of Life at Sea, 1974 wath the Protocol of
1978/1988 and Amendments up 10 2020 including Intemational Code for the
Construction and Equipment of Stups Canymyg Liquefied Gaves m Bulk (IGC.
code), Intemational Code for the Secunty of Shups and Port Facilities (ISPS Code)
and Intemational Code of Safety for Ships wsing Gases or other Low-flashpoiat
Fuels (IGF Code)

Intemational Life.Saving Apphance (LSA) Cade 2017

Intemational Code for Fire Safety Systems. 2015

International Code on Intact Stability, 2008 with the Amendments up to 2020
International Convention for the Prevention of Pollution from Shups, 1973 (Annex
LIV, V & VI), as modified by the Protocol 1978/1997 and Amendments up 1o 2020
(berem called "MARPOL 73/78%)

Ceoaveation on the Interational Regulations for Preveating Collisions at Sea. 1972
with the Ameadments up 10 2013

Intemational Convention on Tonnage Measnrement of Ships, 1969

International Convention on the Control of Harmful Anti-fouling Systems on
Skips, 2001

Intemational Telecommunication Umion (ITU) Radio Regulation, 2020

Rules of Navigation of the Suez Canal Authonty, including Regulations for the
Measuremen: of Tonnage

Rules and Regulations of USCG for Foreign Vessels Operating in the Navigable
Waters of the United States (CFR nitle 33 - Navigation and Navigable Waters, Pant
155, 157, 159 and 164, CFR utle 46 = Shuppiug, Part 154 (except Alaska) without
Cemficats nor Inspection) with the Amendments np ta 2022 (Subpan-32 53,

(0)
®

@

)

(s)

®
(v)

)

W)

(x)

o

(2)
(a2)

34.05, 35.01-1,35.30. 35.35 and Part 39 without Certificate nor Inspection)
Regulation of Cagadian Depantment of Transport for Foreign Flag vessels
Regulations for protection against accidents of workers employed in loading and
valoadiag of ships in Canada

Mantime Labour Convention 2006, (MLC 2006) with Amendmeats up to 2016,
Title 3, Regulation Standard A 3.1

11O Convention 133: conceming crew accommodation on board ship 1970, as
revised m 2000

IACS Unified Requuements for New building which has been formal publiched
and 1n force at the date of signing contract

ILO Codes of Practice. Safety and Health in Dockwork. 1976 as amended m 1979.
Interuaty for the Safe and Envuoumentally Sound Recycling of
Shaps, 2009

Regulation (EU) No 1257/2013 of the European Parliament and of the Council of
20 Novewnber 2013 ou ship recyching and amending Regulation (EC) No 10132006
and Directive 2009/16/EC (Text with EEA relevance)

Rules and Regulations Governing Navigation of the Panama Cacal and Adjacent
Waters and Rules for the Measurement (Panama Canal Universal Measurement
System) of Vessels (OP NOTICE TO SHIPPING NO N-1.2021)

L | Convention for the Control and M. t of Ships' Ballast Water
and Seduments, 2001

Australian and New Zealand Rules for Seagowng Vessels Past 32, No. 12 of 1986
and Guidelines of waterside Worker's Federation of Australia

ILO Couvention 92. Apcommeodation of Crews Convention, 1949

In compliance with Rules and Reguiations which are in force at the date of tigning

| Conv

the contract and as raufied and coming into force before delivery as per “Furure
IMO legislation” 1ssued by LR dated December 2021

(a)
®)
©
@)

()
@

(1)

10}

0

®)

m

(m)

(z)

@)
®

@

0}
(s)

®

Radiocommunications and Navigational Equipment (2020 Edition)
SIGITO/OCIMF Recommendations for Liquetied Gas Camer Mamtolds 2018
SIGTTO Guidalines for the Alleviation of Excessive Surge Prescures on ESD,
2018
SIGTTO Emergency Shutdown Amangements & Linked Ship/Shore Systems for
Liquefied Gas Caner, 2009
SIGTTO Recommendations for the Installanion of Cargo Stramers, 1992
SIGTTO Recommendations for Relief Valves ca Gas Camiers. 2020
SIGTTO Liquefied Gas Handling Praciples on Ships and i Ternunals, 2016
SIGITO Guide for Purchasing High Modulus Synthetic Fibre Moonag Les,
2014
SIGTTO ING Marnwe Loading Arms and Manifold Drumng, Pusging and
Disconnection Procedures 2017
SIGTTO Thermowells 1 ING Casmer Liqusd Lines, 2011
SIGTTO The selection and Testing of Valves for ING applicanons 2008
SIGTTO Guidelines for Automatic Cargo Tank Overfill Protection Aboard Gas
Camiers, 1993
SIGTTO, Report of a Working Group oa Liquefied Gas Sampling Procedures,
1988 (Recommendations 1, Standard for sampling connection fintings only)
OCIMF Guidelines and Recommeadations for the Safe Moonng of Large Ships
at Piers and Sea Islands, 1994 (except special conditions of the iatended termunals)
OCIMF Recommendations for slup’s fittings for use with tugs, 2002
OCIMF Health Safety and Environment at New-Building and Repair Shipyards
and Dusing Factory Acceptance Testing, 2003
OCIMF Anchonng Systems and Procedures, 2010
OCIMF Prevention of Oil Spillage: through Pumproom Sea Valver, 1991
OCIMF An Informatiou Paper on Punproom Safety. 1995

= Capacity & outreach

- Crane shall bave local control culy without shup side control

«  Basker & safety device for permanne] lifting thall be of Buyer's supply
OCIMF Information paper on Pump room Safety. 1995 (Reprinted) (Ch3
Reconunendations for Equipment Fitings — New Shups)



Appendix 1: Generic Rules and Regulations

(w) OCIMF, Ship’s Inspection Report Program (SIRE), 7® Edition 2019

(v) OCIMF Effective moonng 2019

(w) OCIMF Ship to Ship Transfer Guide for Pewroleum. Chemicals and Liquefied
Gases, 2013 (Fixed Sttings only for STBL)

(x) OCIMF - Recommendations for Oul and Ch al Tanker Mamfolds and
Associated Equipmeat, 15t Edition, 2017 (except ESD)

(y) OCIMF . Recommendatons for Equipment Employed in the Bow Moonug of
Coaventional Tankers at Sungle Pownt Moonags, 4th Edition, 2007

(z) OCIMF  Guidelines for Offchore Tanker Operations, 1st Edition 2018 (for Single
Pomt Moonngs only)

(an) OCIMF - Moonng Equipment Guidelines, 4th Edition. 2018 (Compliance with
the Guidelines shall be as specified in Group 4 of the Specifications)

(bb) OCIMF, Recommendations for the Tagging/Labelling Testing and Mantenance,
Documentation/Certification for Shup’s liftiag Equipment, May 2005, for Ch. 3
Tagging and Labelling and Ch. 6 Cerification only (For testing and cemnification)

(cc) ICS Guude to Helicopter/Shup Operaticas, Fifth Edition, 2021 (Winchiag Asea for
Day Openation oaly)

(dd) IMPA Guidance for Naval Aschitects and Shipyards on the Provisson of Pilot
Boarding Armangements, 2012 (for pilot ladder)

(ee) Couacil Diurective 96/ 98/EC on Manoe Equipment as amended by Commission
Directive 200926/EC for MED Certification

(ff) Couneil Directive 2005/33/EC as regards the sulphur contear of Manne Fuels
(unplemented with Legisiative Decree No. 205, 2007)

(2g) Durective 98/70/EC of the Enropean Parhiament and of the Council of 13 October
1998 relating to the quality of petrol and dicsel fuels and amending Couacil
Durective $3/12EEC

(hh) IO R141 . Crew Accommodation (Nowse Control) Recommendation, 1970
(No.141)

(1) IACS UR A2 Shipboard fittings and supporting hull structures associated with
towing and moonag oa conventional shups - Rev.S Sep 2020

() TACS UR Z23 Hull Survey for New Construction, Rev.7 Oct 2020

(k) IACS UR S10 Rudders, Sole Pieces and Rudder Hotus « Rev.6 Sep 2019

(1) IACS UR $26 Streagth and Securing of Small Hatches oa the Exposed Fore
Deck. 2010

(mm)IACS UR 527 Strength Raquirements for Deck: Fimngs and Fquipment, 2013
(nn) IACS UR L5 Onboard computers for stability calculations - Rev.4 June 2020
(00) IACS Unsfied Requirements for New building which has been formal publiched
and ia force at the date of signing contract
(pp) IACS UI SC93 Enclosure of stern tubes on cargo stups (Chapter I1.1. Regulatom
12.11) « Rev.2 Feb 2021
(qq) IACS Rec 10 Chain Aachoring, Moonag and Towing Equipment - Rev.d Sep.
2020
() IACS Rec No. 47 Shipbuilding & Repair Quality Standards. 2010
(ss) IACS Rec 68 Guidelines for non-destructive testing of hull and machinery steel
torgungs - Rev.1 Apr 2021
() IACS Rec 69 Guidelines for non-destructive testing of marine steel castings -
Rev 2 Oct 2020
(vu) DNV Additional Fire Protection Requiremeat F-AMC, 2006 (without Certificate nor
Inspection)
(w) ExxenMobil Manne Envizoumental, Safety and Quality Assurance Criteria 2017
(for Industry Vessels in Athliate Service)
The ireme marked with “MUST" and “Strongly Preferred” chall be applied
« Ship operating pohicy’procedure mcloding mamtenace pocedwe and
rule publication, SEEMP and planned maintenance system, and drug and
alcobol policy shall be prepared / provided by the Owner
= Rutk asseccment for safary and cacunty managament at a piracyanfastad
area shall be prepared / provided by the Owner
- Pollution comtrol equipment ie., sorbents, protective cloth, portable
pumps, et shall be provided by the Owner
- OCDMF, Ship to Ship Transfer Guide (Liquefied Gas) required by the said
cntena shall be applied based on the provision of fixed fittings only for
STBL as desenbed 1a the Specifications
- Necessary documentation which are required on board such a4
procedures, manuals, plans, cemficates, data sheets, records, emergency
response plags, etc.shall be provided by the Owner
- Lightenng service in specitic location (1.e., Gulf of Mexico, ete.) shall not
be contidersd
« The stem of S.2 not (o be apphied

« Thetem of F.6, F20, K8, K16, and P.3 shall be discussed further with
the Owner

(ww) The Montreal Protocol on Substances that Deplete the Ozone Layer

(xx) EU Durective 2005/33/EC and 2012/33/EU with regards to Operation within
European Temntory

(¥y) UK Health and Safety Commission Document EH40/2005 Woskplace Exposure
Limits, Table 1 “List of approved workplace exposure limits’ (Exposures to be
demonstrated dunag wind ruaael tests)

(22) USCG Gesence Protocol for the Venfication of Ballast Water Treatment
Technology (EPA/G00/R-10/146), 2010

(aaa) USCG 40 CFR Part 3 = Contiol of Tec, Sox and PM Eaussions from manne
Eagines and Vessels subject to Maspol Protocol, 2010

(bbb) Califormia Axr Resource Board (CARB) wath regasds to Sulphbus content of manue
furls, 2009

(ccc) ILO R140 - Crew Accommodation (Air Conditioning) Recommendation. 1970
(No. 140)

(844)ILO Convenrion 132 for Lifting Appliances, 1985

(eee) Savd: Asamco Terunnals (Ras Tamaa and Juaymah) Recommendation regarding
Moonag AmangementTittings

(f) SGMF FP07-01 Safery Guidelines — Buakenag, Version 2.0 — Chapter 5 (as
attached “24_ SGMF FPO7.01 Safety Grudelines — Bunkening Veruan 2 07),
Maich 2017

(222) SGMF-TGNO6-04 Manufold arrangement for gas fueled vessels, ver 1, May 2019

(hhh) SGMF TGNO0G6.05 (Ver. 1.0) - Recommendarions for linked emergency churdown
(ESD) annangement for ING bunkenug

(i) Swedish Standard S5 780726 Shipbuilding - Engine room veatlation in
rurbmestups  Conditions and basss of calewlations, 1979

(1) SNAME Technical & Research Bulletins 3.47 . Guide for Sea Tnals, 2015

(1) SNAME Techaical & Research bulletia 3-39 - Guide for Shop and Installation
Tests, 2018

(1) SNAME Techaical & Rezearch Bulletins 5-2 - Gas Tnials Guide for LNG Vessels,
1977

(mmm)Mantune Traffic Safety Law of Japan

(unn)Guidance [mplementing the Internaticnal Convention on the Control of Hammful



Aati.Fouling Systems Law of Japan
(coo)US EPA Vessel General Permit for Discharges incidental to the Normal Operation
of Vessels (VGP) 2013 (2.2.9 excluding Controllable Pitch Propelles, Paddle
Wheel Propuluon, Stabilizers, Azmuth Thrusters and Propuluon Pod
Lubrication)
(ppp)ITTC = Recommended Procedures and Guidelines = Full Scale Manoeuvring
Taals, 2017
(aqq)Directive (EU) 2016/802 of the Ewropean Parliament and of the Council relating
to a reduchion in the sulphur content of certain liquid fuel (Tnitial arrangement oaly
as specified in the Specifications). May 2016
(mr) Chevron Requuement for Chartered Vessels (Voyage Charter and Third party
Vessel Operating Requirements) shall be applied as follows:
-The stems masiced with “"Requirements” and “Stroag Preferences” shall be applied
-Accommodations amangement and facilities proposed by the Builder withour
additional cabin(s) o facalities shall be apphed
(225) Shell Buaker laterface Documents
() AMSA Manne Order 32 (MO32) = Cargo handling equipment, October 2017
(mm) AMSA Mannes Order 57 . Helicopter Operations, Navember 2019
(WW)AMSA Manne order 97—Marine pollution prevention—air pollution
(www) Requirement of Australian Manitime safety Auvthonty (AMSA) for bold ladders.
(without certificate but letter of approval from recognized authonty or authonized
agency should be submitted and drawings to be endorved by authonized agents )
(0xx)LRS Guidance Notes for Gas Combustion Unsts (Thermal Oxidizers), Rev 3, 2004
(yvy)Code of Safe Working Practice for Merchant Scomen
(222) El Segundo Termunal recommendations i Califormia
(aa23) CFR 29/part 1918 . Safery and Health Regnlatons for Long Shonng. 1997
without Certificate nor Inspection for foreign
(bbbb)
(ccee) flag vessel (Permanent fitting caly).
(dddd) MIL-A-18001K (W/ Amendment 3) (Notice 1), Military Specification: Anodes,
Sacuficial Zme Alloy (28 Aug 2008)
(ecee) Intemational Safety Guidelines for Oil Taakers & Temunals (ISGOTT) 6th
Edition, 2020
(1Y) Intemanional Mannme Salid Bulle Cargoss (IMSBC Code) (for coal anty)

(ggge) USA Public law 95-474 - OCT. 17, 1978 - Port and Taaker Safety Act of 1978

(bhik) USCG Final Rule of Double Hull Standards for Vessels Carying Ol 1 Bulk,
2001

(a3) Revised MARPOL VI/12 Use of CFCs MEPC.176(58) - Installations (except
permanently sealed equipment where there are no refngerant charging
connactions of potentially ramovable componeats containing 0z0ne depleting
substances) which contain hydrochlorofluorocarbons are profubited . Comphiance
date: 1/1/2020 for new and existing vessels

() EN 469 Protective clotlung for firefighters - Performance requirements for
protactive clothing for firsfighting activities

(kkkk) Bioko. Braefoot Bay. and BASF LPG terminals latest requirements

(1) Dow Chemuical, "Fully Refigerated LPG Tankes Safety Rules and Regulation 94"
(Chapter 3 tanks and Cargo handling Equipment only) (except for cargo heater)

(mmmo) Equipment Specification for LPG Camiers Moorning in Tandem af
ESCRAVOS FSO. (1otal 7 sheets)

(anan) Minimum Requirements for LPG (P)/(B) Gas Tankers Discharging at Berths
759 (Q801), 763 (305) and 767B ($10)
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(a) IMO Resolution A 330(IX) - Safe Access to and Working in Large Ballast Space ~
(17 December 1975)

(b) IMO Resolution A 343(1X) - Recommendation on Methods of Measunng Nowse
Lavels at Listening Posts . (Adopted on 12 November 1975)

(c) IMO Resolution A 601(15) = Provision and Display of Manceuvimy Information on
Board Shups — (Adopted on 19 November 1987)

(d) IMO Resolution A.653(16) = Recomumendation on knproved Fiue Test Procedures for
Surface Flammahdity of Bulichead, Cailing and Dack Finith Matenals - (Adoptad on
19 October 1989)

(¢) IMO Resclution A.708(17) — Navigation Bridge Visibility and Fuactions — (Adopted
on 6 November 1991)

(f) IMO Resolution A798(19) — Guidelines for the Selection, Application and
Maintenance of Corrosion Prevention Systems of Dedicated Seawarter Ballast Tanks
— (Adopted on 23 November 1995)

(g) IMO Resolution A.$24(19) — Performance Standards for Devices to Indicate Speed
and Distance = (Adopted on 23 November 1995)

(h) MO Resolution A 868(20) — Guidelines for the Control and Management of Shipx
Ballast Water to Mimnuze the Transfer of Hannful Aquatic Organisms and
Pathogens — (Adopted on 27 November 1997)

(1) IMO Resolution A 8$89(21) - Pilor Transfer Asrangements - (Adopred on 23
November 1999)

() IMO Resolution A 1021(26) - Code on Alests and lndicators, 2009 - (Adopted on 2
December 2009)

(k) MO Resolution A.1045(27) = Pilot Transfer Asrangements = (Adopted on 30
November 2011)

(1) IMO Resolution A.1116(30) — Escape Route Signs and Equipment Location
Mardkings — (Adopted on S December 2017)

(m)IMO Resolution MEPC.107(49) - Rewised Guidelines and Specifications for
Poltution Prevention Equipment for Machinery Space Bilges of Ships - (adopred on
18 July 2003)

(n) DMO Resolution MEPC.122(52) - Explanatory Notes on Matters Related to the
Accidental Ozl Qutflow Performance under Regulation 23 of the Revised MARPOL
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Anuex [ - (Adopted on 15 October 2004)Amended by Resolution MEPC.146(54)

(0) MO Resahman MEPC 127(53) « Gudelines for Ballatt Water Management and
Development of Ballast Water Mazagement Plans (G4) - (Adopted on 22 July 2005)

(p) IMO Resolution MEPC.177(38) — Amendments to the Technieal Code on Coatrel of
Emission of Nitrogen Oxidac from Marine Diecel Engines - (NOx Technical Code
2008) = (Adopted ou 10 October 2008)

(@) IMO Resolution MEPC,208(62) - 2011 Guidelines for Inspection of Aati-Fouling
Systems on Ships = (Adopted on 15 July 2011)

(r) MO Resolution MEPC.213(63) — 2012 Guidelines for the Development of a Ship
Esesxy Efficiency Magagement Plan (SEEMP) — (Adopted on 2 Masch 2012)

(s) IMO Resolution MEPCU 214(63) — 2012 Gudelnes on Survey and Uertificaticn of
the Energy Efficiency Design Index (EEDI) ~ (Adopted on 2 March 2012) Amended
by Resolution MEPC 234(65)

() DMO Resolution MEPC.227(64) - 2012 Guidelines on Implemeatation of Efflucat
Standards and Performance Tests for Sewage Treatment Plants = (Adopted on 5
October 2012)

(v) IMO Resolution MEPC 231(65) — 2013 Guidehnes for Calcul
Lines for Use with the Energy Ethiciency Dessgn ladex (EEDI)

(v) IMO Resolution MEPC 234(65) = Amendments 10 the 2012 Guidaline: on Survey
and Certification of the Euegy Efficency Design Index (EEDI) (Resolution
MEPC.214(63)), as Amended — (Adopted 17 May 2013)

(W) MO Resaintion MEPC 254(67) - 2014 Grudelines on Survey and Cemficaton of
The Eaergy Efficiency Desiga Index (EEDI) - (Adopted cn 17 October 2014)

(x) IMO Res. MEPC 269(68) - Guidelines for the Development of the Inveatory of
Hazardous Matenals, 2013

(y) MO Resolution MEPC 282(70) = 2016 Guidelines for the Development of a Ship
Energy Efficiency Management Plan (SEEMP) - (Adopted on 28 October 2016)

(z) MO Resolution MEPC 306(73) - Amendments to the Gudelives for Ballast Water
Management and Development of Rallast Water Management Plans (Gd) (Resolution
MEPC.127(53)) - (Adopted ca 26 October 2018)

(aa) IMO Resolution MEPC 308(73) - 2018 Guidelines on the Method of Calculation
of the Attauned Energy Efficsency Desiga Index (EEDI) for New Shups - (adopted on
26 October 2018)

(bb) IMO Resolution MSC.35(63) - Adoption of Guidelines for Emergency Towiag

of Reference

Amangements on Taokers - (adopted ca 20 May 1994) Amended by Resolution
MSC.132(735)

(ce) MO Resalmnon MSC62(687)Rev 1 . Revitad Guudelines for Safe Access 1
Tanker Bows - (adopted on 9 November 2020)

(dd) IMO Resolution MSC.74(69) - Adoption of New and Amended Peaformance
Standards - (Adopted on 12 May 1995)

(e¢) IMO Resolution MSC.$1(70) - Revicad Recommendation on Testing of Life-
Saving Appliances - (adopted on 11 December 1998)

() MO Resolution MSC.96(72) - Adopticn of Ameadments to Performance Standards
for Devices to Measure and Indicate Speed and Distance (Resolution A.$24(19)) -
(Adopted on 22 May 2000)

(2g) MO Resolution MSC 137(76) - Standards for Ship Manocuvrability - (adopted on
4 December 2002)

(hh) MO Resolution MSC 148(77) - Adoption of the Revised Performance Standards
for Namrow-Band Direct-Printing Telegraph Equpment for the Reception of
Navigatonal ad Meteorolopical Warnings and Usgent Information o Slops
(NAVTEX) - (adopted oa 3 Juae 2003)

(1) IMO Resolution MSC.158(78) - Adoption of Ameadmeats 10 the Techaical
Provisions for Means of Access for Incpections - (adopted on 20 May 2004)

(1)) MO Resaintion MSC 192(79) - Adoption of the Revited Parformance Standards for
Radar Equipment - (Adopied on 6 December 2004)

(kk) IMO Resolution MSC 213(82) - Performance Standard for Protective Coatings for
Dedicated Seawarer Ballact Tanks in all Types of Ship: and Double.Side Skin Spaces
of Bulk Cainiens - (Adopted ou 8 December 2006)

(1) IMO Resolution MSC 244(83) - Adoption of Performance Standard for Protective
Coatings for Void Spaces on Bulk Carniers and Oil Tankers - (Adopted on 5 October
2007)

(mm) IMO Resolution MSC 247(83) - Adoption of Amendments to Performance
Standards for Swrvival Craft Radar Transponders for Use in Semch and Rescue
Operations (Resolution A 802(19)) - (Adopted on 8 October 2007)

(an) IMO Resolution MSC.2352(83) - Adoption of the Revised Performance Standards
for Integrated Navigation Systems (INS) - (Adopted on 8 October 2007)

(00) IMO Resolution MSC 256(84) = Adoption of Amendments to the International
Convention for the Safety of Life at Sea, 1974, as Amended — (Adopted on 16 May

2008)

(pp) DMO Resolution MSC.268(85) = Adoption of Amendments to the International
Convention for the Safety of Life at Sea. 1974, as Amended - (Adopted on 4
December 2008)

(qq) IMO Resolution MSC 288(87) — Performance Standard for Protective Coatings for
Cargo Oul Tanks of Crude Oul Taakers ~ (Adopted oa 14 May 2010)

() MO Resolution MSC 306(87) = Revited Performance Standards for Enhanced
Group Call (EGC) Equipment = (Adopted on 17 May 2010)

(s5)IMO Resolution MSC323(89) - Adeption of Amendment:s to the Revised
Recommendation on Testing of Life-Saving Appliances (Resolution MSC.81(70)) =
(Adopted on 20 May 2011) This Annex of this docnment has been consolidated into
Resolution MSC.81(70)

(1) IMO Resclution MSC.337(91) - Adoption of the Code on Noise Levels on Bomd
Ships — (Adopted on 30 November 2012) The Annex below 1 consolidated 1ato
Resolution MSC 337(91)

(uu) IMO Resolution MSC 363(92) = Peaformance Standuds for  Electromc
Inclinometers - (Adopted on 14 Juac 2013)

(vv) IMO Resolution MSC.365(93) — Amendments to the International Conveation For
the Safety of Life at Sea, 1974, a¢ amended - (Adopted on 22 May 2014)

(ww) MO Resolnon MSC 430(98) . Amendments to the Revised Performance
Standads fo1 Nannow-Baud Duect-Prntug Telewaph Equipwent {1 the Reveption
of Navigatiognal and Meteorologieal Wamungs and Urgent [nformation to Ships
(NAVTEX) (Resolution MSC.148(77)) - (Adopred on 16 June 2017)

(xx) IMO Resoluotion MSC431(98) « Awendments to the Revised Perfonmance
Standards for Enhanced Group Call (EGC) Equipment (Resolution MSC.306(87)) -
(Adopted on 16 June 2017)

(vy) MO MEPC.1/Circular 641 = Suppl y Guidelnes for Approval of Bilge and
Sludge Handling Systems — (11 November 2008)

(zz) DMO MEPC.1/Cucular.642 — 2008 Revised Guidelines for Systems for Handling
Ouly Wastes 1 Machunery Spaces of Shups Incorporating Guudance Notes for an
Inregrated Bilge Water Treatment Systems (IBTS) — (12 November 2008) Amendad
by MEPC 1/Circular 676 Amended by MEPC 1/Circ. 760

(aaa) IMO MEPC 1/Ciucular 676 = Amendment to the 2008 Revised Guudelines for
Systems for Handling Oily Wastes 1o Maclunery Spaces of Ships lancorporating
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Guidance Notes for an Integrated Bilge Water Treatment System (IBTS) - (31 July
2009)

(bbb) IMO MEPC 1/Cirenlar 683 — Gindance for the Development of a Ship Fnergy
Efficiency Management Plan (SEEMP) - (17 August 2009)

(cec) IMO MEPC.1/Circular 760 ~ Amendments to the 2008 Revised Guidelines for
Systems tor Handling Ouly Wastes mn Maclunery Spaces of Slups Iacorporating
Guidance Notas for an IBTS (MEPC 1/Cire 642, as Amendad by MEPC 1/Cire 676)
= (25 August 2011)

(644) IMO MEPC.1/Curcular 850/Rev.2 - 2013 Iatenm Guidelines for Determuniag
Mummum Propulaon Power to Muntan the Manoeuvrability of Shups 1 Adverse
Conditions. as Amendad (Resolution MEPC 232(65). as Amended by Resolutions
MEPC.255(67) and MEPC.262(68)) - (30 August 2017)

(eee) MO MEPC.1/Circular 854 - Guidance on the Application of Regulation 13 of
MARPOL Aanex VI Tier L Requirements to Dual Fuel and Gas-Fuelled Engines —
(1 July 2013)

() DMO MSC/Circular.601 — Fire Protection 1 Machinery Spaces — (Adopted oa 29
Jagvary 1993)

(288) IMO MSC/Circular 834 = Guidelines for Engme-Room Layout, Design and
Amangement - (Adopted on 9 January 1998)

(hhh) IMO MSC/Circular 982 - Guidelines on Ergonomic Criteria for Bridge Equipment
and Layout — (Adopted on 20 December 2000)

(UHIMO MSC/Circular 1091 = Issues 10 be Considered when Imroducing New
Techmology on board Slap = (Adopted on 6 June 2003)

()IMO MSC/Circular. 1053 — Explanatory Notes to the Standards for Ship
Manoeuvrability — (Adopted on 16 December 2002)

(ki) MO MSC/Cirenlar 1097 = Gmidance Relating to the Implementation of SOLAS
chapter XI-2 and the ISPS Code ~ (Adopted on 6 June 2003)

(UNIMO MSC/Circular 1151 — Revised List of Certificates and Documents Requured to
be Camed o Board Shups ~ (17 December 2004)

(mmm) ™MO MSC/Circular 1175 = Guidance on Shipboard Towing and Mooring
Equipment = (24 May 2005)

(naa) MO MSC.1/Circular, 1205/Rev.1 - Revised Guidelines for Developing Operation
and Maatenance Maguals for Lifeboat Systems - (26 June 2019)

(oco) MO MSC 1/Ciscular 1245 ~ Guidelines for Damage Control Plans and

Informaticn to the Master — (292 October 2007)

(ppp) IMO MSC.1/Circular, 1321 — Guidelines for Meacures to Prevent Fires in Engine
Rooms and Cargo Pump-Rooms ~ (11 June 2009)

(qqq) IMO MSC MSC.1/Circular. 1331 - Guidelies for Comstruction. Iastallation,
Mantenance and Inspection/Survey of Means of Embarkation and Disembarkation —
(11 June 2009)

(n1) MO MSC 1/Cucular 1352/Rev. | = Amendments to the Code of Safe Pracuce
for Cargo Stowage and Secunag (CSS Code) — (15 December 2014)The Annex of
this document kas been consolidated wmto CSS Code

(sa3) IMO MSC 1/Cirenlar 1353/Rev 2 — Revised Guidelines for the Preparanion of the
Cargo Secuning Magual - (7 December 2020)

(tt)IMO MSC . 1/Circular 1370 ~ Guidelines for the Design, Construction and Testing of
Fixed Hydrocarbon Gas Detection Systems ~ (22 Juae 2010)

(o) MO MSC.1/Circular 1392 = Guidelines for Evaluation and Replacement of
Lifeboat Release and Retrieval Systems — (27 May 2011)

(vvv) IMO MSC.1/Cucular, 1505 - Unafied Interpretation of SOLAS RegulationI1-2/13.6
- (5 Inna 2015)

(www) The IMDG Code. 2020 Edition (inc. Amendment 40-20)

(xx)IMO  Publication No.978 Peformance Standads for  Shupbome
Radiscommunications and Navigational Equipment

L0 sonduds

To be applied as a munumum if 0o more severe standards are ncluded
laternational Regulations. Guidelines. Classification Rules etc.

(a) 1S0 484.1:2015 Shup Screw Propellers = Manufacruring Tolerances = Part 1 Propellers of
diameter greater than 2.5m

(b) ISO 799.1:2019 Shipbuilding = Pilot Ladders == Past 1. Detign and specification

(c) 150 2923:1996 Acoustic Measwrement of Noise on Board Vessels

(d) ISO 3046.1:2002 Reciprocating wnternal combustion engines — Performance — Pt 1.
Declarations of power, fue! and lubnicating ol consumptions, and test methods = Additional
requirements for engines for general use

(#) 1SO 37302012 Shiphaildmg - Moormg Winches

() 150 4406:2021 Hydraulic Flwd Powes

(g) 1SO $488:2015 Ships and Manne Technology — Accommodation Ladders

() 1SO 7061:2015 Ship and Marine Technology = Aluminium Shore Gangways for Seagoing
Vessels

(1) 1SO 75472007 Shipe and Manne Technology . Awrcondin and Vennl af

¢
Accommodation Spaces - Design Conditions and Basis of Calculations
() ISO 7825:2017 Shipbuilding ~ Deck Machinery — Genaral Requirements
(k) 150 8309-1991 Refngerated hght hydrocarbon flwd « Measurement of hiquid levels w tanks
contaming hquefied gaca
(1) 150 $310:2012 Refngerated hydrocarbon and non-petroleum based liquefied gaseous fuels
— General requirements for automanc tank thermometers on board marine camiers and
floating storage
(m)ISO 24682007 Ships and Marine Technology = Ship’s Bridge Layout and Associated
Equpment - Requuements and Gudeles
(n) 1SO £301.1:2007 Preparation of steel tubstrates before application of paints and relawed
products - Visual assessment of surface cleanliness - Part 1: Rust grades and preparation
grades of uncoated steel substrates and of steel substrates after overall removal of previous
coatnge
(0) 130 8503:2012 Preparanon of Steel Subsmates before Applicanon of Paints and related
Products - Swiace Roughness of Blast Cleaned Substrate.
- Pant 1. Specifications and definitions for ISO swiface profile comparators for the
assessment of abrasive blast-cleaned surtaces.
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- Part 2: Method for grading of swface profile of abrasive blast-cleaned steel -
Camparatar procedure

(p) 1SO £528 Reciprocanng Intemal Combustion Engne Driven Alternating Curent Generating
Sers
- Part 1* Appheation, Ratings and Performance
« Part 2: Engines
- Part 3 Altemating Current Generators for Gensrating Sets.
- Past 4. Control xeas and Switchgeas,
- Part 5: Generating Sets
- Part 6: Test Methods.
- Part 7 Technical Declarations for Specification and Design
- Pant 8 Requirements and Tests for Low-Fower Generating Sets
« Pait 9 Measusrement and Evaluation of Mechamcal Vibrations
(q) 1SO 8573-1: 2001 Compresced air — Part 1: Contamunants and punty clasces
(r) 1SO 8861 1998(F) - Shlp!mkhng- annnwn\mlmonmmﬂolmgmdnpl-mngn
requirements and basis of caleulation
(s) 150 8842:1987 Air.condinoning and vennlanon of machinery control-rooms on board shipe
Design conditions and basis of caleulations
(1) ISO8863:1987 Ship's wheelhoute windows == Heating by hot air of glass panes
(w) ISO 8864:1987 Air-conditioning and veanlation of wheelhouse on board ships = Design
conditions and basic of calenlations
(v) 1SO 9203:1989 Shupbuilding — Topology of stup hull structure elements
(w)ISO $943:2009 Skuipbulding ~ Ventidation and au-treatment of galleys and pantnes with
cooking appliances
(x) ISO 9099:198/ Aw-condiboning and ventilation of dry provision rooms on board ships --
Design conditions and basis of calculations
(y) 1SO 10816 — Mechanscal vibration — Evaluation of Mackine Vibration by Meanwements on
Rotating Pans
- Part 1: General Guidelines
« Part 3: Industrial machines with nomnal power above 15 kW and nonunal speeds
betwaen 120 rimin and 15,000 r/min when measured m sita
- Past 6. Reciprocating waclunes with power rating above 100 kW
- Part 7 Rowdynamic pumps for indusmial applications, including measurements on
rotating chaflc

(2) 1SO 109762012 Refrigerated light hydrocarbon fluids - Measurement of cargoss on board
LNG camiess

(83) ISO 11064-4:2013 Ergomomue design of control centre: — Part 4: Layout and
dimensions of workstations

(bb)  ISOTEC 11801-1.2017 Information teclmology — Genenc cabling for customes

preauses

(ce) IS0 137/6:2020 Ships and manne technology — Slup’s moonng and towing fithngs
= Pedestal fauleads

(dd) ISO 13795.2020 Shups and marnine technology = Ship's mooning and towing fittings
— Welded steel bollards for sea-going vessels

(ee) I1SO 13797-2020 Ships and manne technology — Shup’s moonng and towing fittings
== Cruciform bollards
(1) 1SO 11122:2016 - Safety of machunery, Penuanent means of access to machinery,
- Pant 1. Choice of fixed means and general requirements of access
- Part 2 Warking platforms and walkways
« Pait 3. Staurs. stepladders and guardrails

Part 4; Fixed ladders
(zg) 150 14726:2008 ~ Ships and Marine technology ~ Identification colours for the content
of piping systeme

« Put 1. Matn colours and wedia
Part 2. Additional colows for different mecsa and/or fimctions,
(hh)  1SO 14692:2017 Petroleum and nanwal gas industries ~ Glass-reinforced plastics
(GRP) piping
« Part 1: Vocabulary, symbols, applications and matenals
- Part 2 Qualification and manufacture
- Part 3: System design
« Purt 4. Fabuication, mstallation and operation
(1) 15O 15016:2013 “Guidelines for the assessment of specd and power performance by analysis
of speed mial data”
(1) ISO 15550:2016 Intemmal combustion engines — Deternunation and method for the
meanurement of engine power — General requirements
(k) 150 15748:2002 Ships and manne technology — Potable water supply on ships and
Marine menrat
- Part | Planmung and design
- Part 2: Method of calculation
(1) ISO 17824:2005 Ships and manine technology - Computer applications - General principles

for the development and uce of programmable electromic systems i manne applications
(mm) ISO 18132.1:2011 Refrigerated hydrocarbon and non-petroleum based liquefied
gaseous fuels — General requiremsents for automatc tank gauges — Part 1@ Automahic tank
gauges for hiquelied natwal gas on board manne caners and floating storage
(a) ISO 18611:2014 Skups and manne techuology- Manine NO, reduction agent AUS 40
« Pam1° Qualiry requrements
- Past2: Test methods
- Pant 3: Handling transportation and storage
(um) ISO 19019.2005 = Sea.going vessels and mame techoology = Instructions for
plamung, camying out and reporting vea tals
(00) 15O 199702017 Refrigerated hydrocarbon and non-petroleum based liquefied
gateous fuels - metenng of gas a¢ fuel on LNG camers dunng cargo transfer operations
p) 150 20283.2 2008 Mechamscal vibration = Measwemwent of vibiation on shups == Part
2: Meanurement of struetural vibration
(Gh)) 1SO 2078357 2016 Mechanical vibranan .. Meaturement of wihration on thipt . Par
S: Gudehines for measwement, evaluation and reporting of wvibration with regard to
habutability on passenger and merchant slups
(o) ISO 21940-11:2016 Mechanical vibration — Rotor balancing — Part 11: Procedwres and
tolerances for rotars with ngid behaviour
(55)ISO 21984:2018 Shups and manne technology — Gudehnes for measwrement, evaluation
and reporung of vibration with regard to habitability on specific chips

LEC Sandards

To be applied 26 3 summum if 0o more severe standards are wucluded m
Intemanonal Reguiations, Gmidelines, Classificanon Rules ete

(a) IEC 60034 - Rotating Electncal Machines

(b) TEC 60072.1°1991 Dimensions and outpar senes for rotanng elecmeal machmes « Par 1-
Frame numbers 56 to 400 and flange numbers 55 to 1080

(c) TEC 60092:2022 SER. Series Elecmical insnallarions in chips - ALL PARTS

(d) IEC 60331.1:2018 Tests for electne cables under fire conditions « Circust integnty « Part 1:
Test method for fire with thock at a temperature of at least 830 *C for cables of rated voltage
up to and including 0,6'1,0 kV and with an overall diameter exceeding 20 mm
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(¢) IEC 60332:2022 SER. Senes Tests on electne and optical fibre cables under fire conditions -
ALL PARTS

() IEC 60445:2021 Basic and safety principles for man-machine wnterface, marking and
dentification - Identification of equipment ternunals, conductor termunations and conductors

() IEC 60533:2015 Electncal and electomc mstallations m clups - Electtomagnetic
companbility (EMC) - Ships with a metallic hull

(h) TEC 60754-1:2011 Test on gases evolved dunng combustion of matenals from cables - Part
1. Determmination of the halogen acid gas content

(1) IEC 60945:2002 Mantime mavigation and ndioconupumcation equpment and cystems
General requirements — Methods of testing and required test results

(1) IEC 61034.1.2005/AMD2.2019 Amendment 2 - Measwement of smoke density of cables
buming under defined conditions

(&) IEC 61111:2009 Live working - Elcctrical insulating matting

(1) IEC TR 616412014 Enclosed low.voltage switchgear and controlgear assemblies . Guide
for testing under conditions of arcing due to internal fault

(m)IEC 62271:2022 SER Senes High-voltage switchgear and controlgear - ALL PARTS

YDIStandards

To be applied as a oumumum if 00 more severe standards are wcluded
lateraational Regulations, Guidelines, Classification Rules ete,

(a) VDI 2056 (1963) Standasds of evaluation for wechamcal vibuations of machives

(b) VDI 2063 (1985) Measwement and Evaluation of Mechazucal Vibiation of Reciprocating
Piston engines and Compressors

(¢) VDI 3838 (2004) Measurement and evaluation of mechamical vibration of reciprocating
piston engines and piston compressors with power ratings above 100 kW' - Addinon 10 DIN
ISO 108166

ESSaadards

To be applied as a ounimum 1f o more severe standards wcluded i Iuternational
Regulations, Guidelines, Classification Rules etc

(a) BS 336:1989 Specification for Fire Hose Couplings and Ancillary Equipment
(b) BS 1807-1981 Swiace finush requurements for reduction gears

NFK Standard

Tobe applied a¢ 2 mummnm 106 mare wevers standards are .\pplwd by Internanonal
Regulations. Guidelines. Classification Rules etc.

(a) NEK TS 606.2016 Cables for offshore installations = Halogen.fiee low smoke and fame.
retardant / fize resistant (HFFR LS)



MRV

The overall purpose of EU MRV emissions collection and
reporting is to assess the environmental impact of maritime
transport and to serve as the basis for carbon tax
determination through the EU ETS and Fuel EU Maritime

regulations.

Description of the method chosen to monitor and report

emissions

The Emissions Report contains information about the

amount of consumed fuel and the distance travelled, as well : - )
Overall view of the maritime industry

as the cargo carried on voyages to, between and from EU How much to tax?

ports.
The verified Emissions Report for a year must be submitted

by the shipping company to the European Commission



DIY: How to get a RightShip score below 3

Rule Safety Rule Resolution options Rule Safety Rule Resolution options
Score Score
ss1-1 |1 Open Abandonment of Seafarers [Vessel needs to be removed from ILO list of abandoned Send RightShip information to review severity of
case at the vessel level seafarers, once removed RightShip to review detention and possible a RightShip Inspection.
ss1-3 11 Vessel on the Paris MOU banned [Vessel needs to be removed from Paris MOU banned list, ss2-1 |2 Any vessel with 2 PSC detentions in the last  [Vessel needs to display good performance over
B list once removed RightShip to review 24 months 24 months such that the rule will automatic;ally
. Vessel needs to be removed from AMSA banned list, once resolye. Owner may appeal to the MOU with
SS1-4 (1 Vessel on the AMSA banned list removed RightShip to review . . . b?cklng .of Flag 9r Class.
. Vessel needs to be removed from USCG banned list, once ss22 |2 Any vesseIIV\.nth gxcesswely high numbers (50) nghtShlp to review the PSC.rec.ords a_nd
SS1-5 1 Vessel on the USCG banned list | = RightShip to review of PSC deficiencies over 24 months potentially ask for an Inspection if required.
ss16 |1 Vessel on the RightShip Vessel |Vessel is removed from RightShip’s proprietary vessel Ve§sel with CAT-A incident in last 1.2 mon.ths, Vessel needs to display good performange over
Restriction list restriction list SS2-4 |2 which a]ready hgs an acceptable RightShip 12 months such that. the rule will automatically
- - — - Inspection, and incident close out resolve. Part resolution for rule SS1-9.
ss1-7 1 Company on the RightShip Change of Company association or the company is removed
Company Restriction list from RightShip proprietary Company Restriction list Vessel over 14 years and over 8000 DWT ) . )
- — - . . . §S2-5 |2 without a satisfactory RightShip inspection in  |RightShip Inspection must be completed
Send RightShip information to review severity of detention and
RightShip may suggest a RightShip Inspection. Owner may last 12 months(excl tankers)
SS1-8 |1 Any vessel with 3 PSC detentions |, 0 -'t5 the MOU with backing of Flag or Class. Vessel Vessel over 25 years and less than 8000 DWT
in the last 24 months needs to display good performance over 24 months such that | [SS2-6 |2 without a satisfactory right inspection in the  |RightShip Inspection must be completed
the rule will automatically resolve. last 12 months
The vessel will require a RightShip Inspection & close out of Any vessel with an open detention overthe | o+ brovide RightShip with an acceptable
Vessel with CAT-A incident in 12 |incidents before rule release. Vessel needs to display good S82-7 |2 past 2 years and is still with same DOC or close out to the open detention
S81-9 11 months performance over 24 months such that the rule will current DOC unknown i
automatically resolve. Any vessel with an open incident over the past Owner to provide RightShip with an acceptable
SS1- Any vessel with an unacceptable | o ssel wil require a RightShip Inspection 5528 12 ZDé%ars ind s stil with same DOC or current | oce out to the open detention.
10 last RightShip inspection ) unknown
i i Any vessel whose classes is not an IASC
SS1- Any vessel flagged with a Paris | ool needs to change it's Flag to one which is not a S82-9 |2 M Y b Change Class
1 MOU scored flag which is Medium . ) . . . f ember
11 - . ; Medium or High / High Risk with Paris MOU -
to High or High Risk Any vessel with an unknown class for more . . .
- - SS2-11 |2 Provide Class information
Any vessel flagged with a Paris than 3 months
SS1- MOU scored flag which is on their Change of Flag which is not on the Paris MOU Blacklist or flag| [ss2-12 [2 Any vessel with an unknown flag for more than Provide Flag information
12 1 Blacklist, and combined with Low to change status with Paris MOU 3 months
or Very Low performing Class ' ss2-13 |2 Any vessel with an unknown DOC formore o .0 oo
Society than 3 months
The vessel will require a RightShip Inspection and provide Vessel with 2 incidents in last 36 (CAT-A or
SS1- Vessel with 2 incidents (CAT-A or |close out of both incidents. Vessel needs to display good - Vessel needs to display good performance over
1 . - CAT-B) months, which already has an . .
13 CAT-B) in 36 months performance over 36 months such that the rule will §S2-14 |2 . . : - 36 months such that the rule will automatically
- acceptable RightShip Inspection and incident .
automatically resolve. close Out resolve. Part resolution for rule SS1-13.
The vessel will require a RightShip Inspection and provide Vessel with 3 incidents in last 60 months
Ss1- |, Vessel with 3 incidents (CAT-A or |close out of all three incidents. Vessel needs to display good (CAT-A or CAT-B or CAT-C), which already Vessel needs to display good performance over
14 CAT-B or CAT-C) in 60 months  [performance over 60 months such that the rule will §S82-15 |2 ’ 60 months such that the rule will automatically

automatically resolve.

has an acceptable RightShip Inspection, and

incident close Out

resolve. Part resolution for rule SS1-14.




Alternative fuels

Technological maturity
Energy cost
Bunkering availability
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Readings - Sources

5.2 Port state control (PSC) and vetting inspections

0il companies and other charterers maintain a reqular programme of tanker inspections as
part of their ship vetting programmes. Such inspections often reveal ships that are poorly
maintained and 1o a standard much lower than whal is deemed to be desirable for safe
tanker operations. When shipowners find that their tanker is not acceptable to potential
charterers, they will normally take corrective action very quickly.

Although ship vetting is an essential activity and provides another important way of identifying
substandard ships, it is also rue to say that vetting inspectors have not always been coordinated
10 2 common standard or correct in their assessments of tankers. Ship vetting, already the most
common discussion topic at INTERTANKO meetings with its members, came even more sharply
into focus as a resull of the Erika sinking in December 1999. In the many safety-related meetings
prompted by the 10ss of this ship, INTERTANKO has stressed the importance of a rationalised
ship inspection regime.

The Ship Inspection & Reporting (SIRE) system for oil tankers, administered by the Oil
Companies International Marine Forum (QCIMF), and the Chemical Distribution Institute
(CD1) scheme for chemical and chemical gas carriers, provide impartant vehicles for
minimising the proliferation of ship inspections now prevailing. Both have been developed
as industry.wide systems in which specially trained, independent inspectors carry out ship
inspections, and compile detailed inspection reports which are filed in a central database,
on behalf of all potential charterers. In this respect, it is good to note the ongoing improve-
ments 1o the two systems and efforts to harmonise the two approaches in areas where it
makes sense to do so. INTERTANKO has welcomed the creation by SIRE of a system for
the examination, accreditation and ongoing assessment of SIRE inspectors and the ongoing
work to finalise a common CDUSIRE Vassel Particulars Questionnaire (VPQ).

Years ago it was normal practice to throw ship's garbage over the side. In recent years the
disposal of ships' garbage is becoming increasingly regulated, primarily through MARPOL
Annex V. Some types of garbage can still be dumped overboard, provided it is beyond a
specified distance from shore. Other types of garbage, like PVC and other plastic materials,
have to be landed and disposed of ashore. Most ships are now provided with garbage
containers onboard to comply with the international reqgulations and speciflic porl
requirements,

It has long been common practice to incinerate garbage onboard ship and onboard
incineration of waste is an approved garbage treatment process. Incinerator equipment has
developed over the years and has now to comply with various emission regulations. As
gaseous emissions from incinerators are also of environmental concern, some shipowners
are looking at the role of compactors and shredders and the role they can play in reducing
the volume of garbage for disposal ashore. A range of garbage compression units are
available on the market

Ship garbage-handling facilities and associated equipment should be of adequate size and
properly laid out. These are matters which are often neglected by the shipyard. Itis advisable lo
get input from those who deal with garbage disposal on a daily basis, ie. the seafarers them-
selves, whether it be master, chief officer or cook.

As pointed out in Scction 4.2, not all ports have the necessary reception facilities, including
for garbage. This is a critical factor, as the availability of such facilities would do much to reduce
the potential of poliution from this source.



Classification Societies

3.2.1 Special surveys, technical specifications and life-cycle costs
A tanker is, broadly speaking, designed and built for a commercial life expectancy of 20 years and,
following delivery, is operated with five-year intervals between special surveys in accordance with the
class society rules and statutory requlations. Each tanker will have to drydock during its economic life at
prescribed intervals in compliance with mandatory regulations

The most important and extensive surveys aro the so-called spocial surveys (SSs) which are carried
out at 5, 10, 15, 20, 25 years of age, and so on at five-year intervals. The principal intention of the SS is
to overhaul, repair and raise the ship's lechnical standard W the necessary level in order lo ensure another
safe five-year trading interval until the next SS. There are also requirements for various annual and
periodical surveys for the period between the special surveys that must be complied with during either a

drydocking or an in-waler survey. In facl, the "in-between” surveys are now equivalent to the previous

special survey for tankers over 15 years of age.

It is the classification society's responsibility to ensure that a new lanker is buill to @ minimum technicol
standard in compliance with the applicable rules and regulations and, thereafter, that this minimum standard and
compliance with requlations is fulfiled throughout the tanker's commercial lifespan by means of regular

scheduled surveys and drydockings.

3.2.2 Tanker repairs and Condition of Class

Historically, the tanker market has followed a cyclical pattern. There will be periods during the tanker's
working life when the market return is poor, At such times, after financial and crow costs have been taken
into account, there will be less cash available, if any, for maintenance and repairs delermined lo be
necessary following compulsory surveys related to cerlificate renewals. In such circumstances the extent
of repairs may be solely dependent on the opinion and decisions of the attending class surveyor.

If necessary in such a situation, the class surveyor is able lo issue a Condition of Class (CC) that will
specify a date by which time the CC must be addressed and corrected. If the reason for the CC is not dealt
with within the stated time, the ship risks losing class and its ability to trade. Until recently, it was possible
for a ship in such a situation to get away without carrying out the necessary repairs. but continue lo trade
by “jumping class”, i.e. switching the ship to a more tolerant, less strict class society. Often, such class
jumping, or hopping, was accompanied by a swilch lo another, less discerning ship register. However, a
number of notable mantime accidents have resulled in the maritime safety regime being tightened. In
addition to the revision of a number of international regulations, IACS has upgraded ils procedures,
making it difficult for owners to move their ships from one member sociely to another without strict
adherence 10 a set of specific procedures.

As mentioned earlier, a tanker built to the minimum specification will reach a point relatively early in its
life where major repairs and maintenance will be required to keep it up to the necessary standard. Thus,
it may be that the class society begins issuing Conditions of Class to a ship within 8-10 years of its delivery
from the shipbuilder. The tanker owner will either have to start a rigorous maintenance programme or leave
the identification and discovery of further deficiencies to the class surveyor as the tanker gets older Fven
if the class surveyor does not discover these deficiencies, and they will officially pass undetected, there

will inevitably be someone associated with the ship that knows or should have known its actual condition
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