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Global GHG emissions by sector

Source: JRC (Joint 
Research Center EU)

(referring to 2021)
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GHGs emitted by shipping

Source: JRC

SHIPPING

5

Source: JRC (Joint 
Research Center EU)

TREND LINE
(least squares)



Flag States

Classification Societies
Port State Control

NGOs

Many parties are involved in regulating the maritime industry…

The United Nations

Regional 
Regulations

Local Regulations

12 members
>90% DWT
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The urge to reduce GHG emissions

Climate Change ⟶	Policy Makers: Reduce GHG emissions
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How does IMO regulates?

• Conventions ex. SOLAS, MARPOL, STCW, 

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

XYZ . 123 (34)

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

Resolution number 
(Chronological 

order)

No. of Committee's Session in which it 
was adopted

Which Committee passed the 
resolution?
Ex. MSC (Safety), A (Assembly), 
MEPC (Pollution), C (Council), 
FAL (Facilitation), LEG (legal)

XYZ . 1 / Circ . 34

Which subject does it concerns?
Ex. MEPC.1 General on pollution 
      MEPC.2 Provisional categorization of liquid 
substances
      MEPC.3 Oily wastes port facilities 

etc.

Circular number 
(Chronological 

order)

Which Committee passed the 
resolution?
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SOLAS
Chapter I – General Provisions
 Surveying the various types of ships and certifying that they meet the requirements of the convention. 
Chapter II-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 II-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 FSS Code and              

requirements for the carriage of gas as a fuel under the IGF Code
Chapter III – 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 VII – 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 XII – Additional safety measures for bulk carriers
 Specific structural requirements for bulk carriers over 150 metres in length.
Chapter XIII - 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 (ChII-2, Reg )
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MARPOL
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Annex Title Entry into force

Annex I Prevention of pollution by oil & oily water 2 October 1983

Annex II Control of pollution by noxious liquid 
substances in bulk 6 April 1987

Annex III Prevention of pollution by harmful 
substances carried by sea in packaged form 1 July 1992

Annex IV Pollution by sewage from ships 27 September 2003

Annex V Pollution by garbage from ships 31 December 1988

Annex VI Prevention of air pollution from ships 19 May 2005





Thousand 
Tonnes of 
spilt oil



MARPOL Annex I

Chapter Regulations Topics
1 1-5 General: Definitions and Applications

2 6-11 Surveys and certification: Flag administration and 
Port State Control (PSC)

3 12-17 Machinery Space: Construction, discharge control 
and equipment (all ship types)

4 18-36 Cargo Areas: Construction, discharge control and 
equipment (oil tankers)

5 37 Shipboard oil pollution emergency plan (SOPEP)
6 38 Reception facilities
7 39 FPSOs and FSUs

LIST
• Surveys (for Certificate)
• IOPP (International Oil 

Pollution Prevention 
Certificate) (Reg 7,8)

• Form, duration & validity 
of certificate (Reg 9,10)

• The role of the flag and 
PSC in accordance to the 
(Reg 11)

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

Examples following… 16



MARPOL Annex I: Examples

Regulation 30: Marpol line Regulation 33,35: COW

17



Regulation 15,31: Discharge of oil, O.D.M.E. Regulation 14: Filtering of oil (OW Separators)

MARPOL Annex I: Examples

18



MARPOL Annex II     MARPOL Annex III
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Control of pollution by noxious liquid substances in bulk Prevention of pollution by harmful substances 
carried by sea in packaged form

• 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 II covers the International Bulk Chemical Code (IBC 

Code) in conjunction with Chapter 7 of the SOLAS 

Convention.

• 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
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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.

21



MARPOL Annex V: Garbage

1. 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. 

2. Comminuted or ground food wastes must be able to pass through a screen with mesh no larger than 25 mm.
3. 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.

4. 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.

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

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.

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.

22



MARPOL Annex VI: Incineration

Prohibits incineration of (Reg.16.2): 
• MARPOL Annex I, II & III cargoes, 
• Polychlorinated biphenyls (PCB), 
• Garbage containing heavy metals, 
• Refined petroleum products containing halogens, 
• Sewage and sludge oil not generated on board, 
• Exhaust gas cleaning system residues. 

➢ 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.

Permits incineration of: 
• PVC – plastics (where type approved to do so) (Reg.16.3) 
• 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)

23



MARPOL Annex VI: ODS

Ozone Depleting Substances (ODS)

● MARPOL Annex VI: Not applicable for EDG and lifeboats

● Parties are obliged to provide facilities without causing delay for 

(Reg.17):

- Reception of ODS in ship repair yards

 - Reception of Exhaust Gas Cleaning System residues

● Supplement to IAPP Certificate, ODS Record Book

● Does not apply to permanently sealed units (Reg.12.1) with no 

refrigerant charging connections …

● Any deliberate emissions prohibited (Reg.12.2)

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

new ships from 19 May 2005 (Reg.12.3.1)

● HCFC banned in new ships from 1 January 2020 (Reg.12.3.2). Delivery 

to reception facilities following removal (Reg.12.4)
24



MARPOL Annex VI: VOC

Volatile Organic Compounds (VOC) are light 

components of crude oil, which evaporate 

during loading operations or during the carriage 

of high-volatility crude oil cargoes. Under 

regulation 15:

● VOC management plant

● Reception facilities

● VAPOUR Line in ship’s manifold for return 

of VOC to reception facilities

25
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MARPOL Annex VI: EEDI/EEXI (CO2/t*nm)

MAIN DRAWBACK
EEDI is an estimation based on design 
parameters, not the reality! On contrast 
CII is based on real everyday 
measurements.

• 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.



Starting in 2024, the CII must be 

calculated and reported to IMO. The 

attained annual operational CII and the 

environmental rating (A to E) will be 

noted on the Statement of Compliance 

(SoC), which will be required to be kept 

on board for five years. 

In case of a D rating for three 

consecutive years or one E rating, a 

corrective action plan must be 

submitted and verified before the SoC 

can be issued.

27

MARPOL Annex VI: CO2

Fuel factor



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:

55%
rated as D, E

75%
rated as D, E

The CII Impact on the container vessel fleet:

28

MARPOL Annex VI: CO2

Source: DNV



MARPOL Annex 
VI: NOX

• 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 III 
technologies

Selective Catalytic 

Reduction (SCR) 

and Exhaust Gas 

Recirculation (EGR)

NOx CAP “IMO 2020”
WORLD: Tier II (constr. ≥ 2000) à 100% Tier I
(<130rpm ⇒ 17g/kWh)
WORLD: Tier II (constr. ≥ 2011) à 80% Tier I
(<130rpm ⇒ 14.4g/kWh)
NECA: Tier III (USA constr. ≥ 2016)  à 20% Tier 
I      (Baltic & North constr. ≥ 2021)
(<130rpm ⇒ 3.4g/kWh)



MARPOL Annex 
VI: NOX
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NOx CAP “IMO 2020”
WORLD: Tier II (constr. ≥ 2000) à 100% Tier I
(<130rpm ⇒ 17g/kWh)
WORLD: Tier II (constr. ≥ 2011) à 80% Tier I
(<130rpm ⇒ 14.4g/kWh)
NECA: Tier III (USA constr. ≥ 2016)  à 20% Tier 
I      (Baltic & North constr. ≥ 2021)
(<130rpm ⇒ 3.4g/kWh)

TIER III 
technologies
SCR and EGR



NOx & SOx MAP

If adopted by MEPC 82
Active 1 March 2026

If adopted by MEPC 82
Active 1 March 2026

If adopted by MEPC 82
Active 1 March 2026

SULFUR CAP “IMO 2020”
WORLD: [S] < 0.50% m/m
SECA: [S] < 0.10% m/m
For all ships, no matter age!

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

Local regulations
[S] < 0.10% m/m

For NECA constr. ≥ 2016

For NECA constr. ≥ 2016 

For NECA constr. ≥ 2021 

For NECA constr. ≥ 2021 
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NOx CAP “IMO 2020”
WORLD: Tier II (constr. ≥ 2000) à 100% Tier I
(<130rpm ⇒ 17g/kWh)
WORLD: Tier II (constr. ≥ 2011) à 80% Tier I
(<130rpm ⇒ 14.4g/kWh)
NECA: Tier III (USA constr. ≥ 2016)  à 20% Tier            
(<130rpm ⇒ 3.4g/kWh)



ChinaCalifornia 

Locally Sulfur regulations &  
compliance

Local regulations
[S] < 0.10% m/m

Only distilled (MGO)
All vessels!

SOx Solutions WORLD SECA 
& Locally China

CARB

MGO ([S]< 0.10%m/m) ✓ ✓ ✓
VLSFO ([S]< 0.50%m/m) ✓ ✗ ✗
ULSFO ([S]< 0.10%m/m) ✓ ✓ ✗
EGCS (scrubber)
& HFO ([S]> 0.5%m/m)

✓ ✓ ✗

LNG (has no Sulfur) ✓ ✓ ✓
Alternative fuels TtW zero [S], regulations under development

Local regulations
[S] < 0.10% m/m

All vessels!
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The Green Deal
EU goals: 

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

How shipping will be affected? 
• European Trading System (EU ETS) 
• Fuel EU Maritime Regulation (Fuel EU) 
• Renewable Energy Directive (RED II); 
• Alternative Fuels Infrastructure Regulation (AFIR); 
• Energy Taxation Directive

33





ETS (Tank to Wake)

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. 

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

35



FuelEU (Well to Wake)

First reduction from 1 January 2025 !

36

(Methane and nitrous oxides are subsequently converted into CO₂ equivalents)
*WTO = waste cooking oil (WCO)

*



FuelEU Compliance deficit à Penalty

37Multiple times the price per tonne of VLSFO !



FuelEU compliance: Fleet Pooling
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Emissions Regulations summary

39

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

•Part I: Ship management plan to 
improve energy efficiency
•Part II: Ship fuel oil consumption 
data collection plan
•Part III: Ship operational carbon 
intensity plan

Similar to EU MRV and DCS: 
A Data Collecting System 



FuelEUCalifornia 

Local Regulations on 
Shore power

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

Initial 
year

Vessel type

2023 Container, refrigerated 
cargo and passenger

2025 Roll-on roll-off

2025 Tanker (only LA & Long 
Beach)

2027 All Tankers

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

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

40



Polar code

41



URN 
(Underwater Radiated Noise)

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

• 2023 IMO Guidelines MEPC.1/Circ.906 (not mandatory)
• Awareness grows especially for protected areas, 

migratory pathways and ice-covered areas

Canada 
Shipping Act, 
2001

SOR/2010-91:
Pleasure Crafts
Small 
PassengerFines for Muffler 
condition (means an 
expansion chamber 
within the exhaust line 
specifically designed 
to reduce engine
Noise)

Pushes administration 
to take act on ocean 
going vessels as well

42



URN (Underwater Radiated Noise)
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A pod of Beluga 
Whales

Southern Resident Killer Whales

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.
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Classification Societies

45

• 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. 



Classification Societies
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• 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. 

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)



Classification Societies
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• 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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PSC
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)

49

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.



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):

50
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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:

52

• INTERTANKO (International Association of Independent Tanker Owners)

• INTERCARGO (International Association of Dry Cargo Shipowners)

• BIMCO (Baltic and International Marine Council)

• OCIMF (Oil 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



VIQ7 (2019 edition) à 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

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.

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

Torrey Canyon incident (1967)

Oil companies founded OCIMF

No common 
standards for 
vetting inspection!
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RightShip
“Ships of Shame”

• Bulk carrier accidents 

• 1988-1991

• Nearly 100 seafarers lost 

• Western Australia coast

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

Class, Flag & PSC 
proved insufficient

• RightShip Safety Score 

Ship’s 5 year history of
Incidents & accidents
PSC deficiencies & detentions
Ship Managers (DOC) 
performance
Vessel’s flag and class

A group of Charterers 
founded RightShip

Algorithm

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

5 .

4 .

3 .

2 .

1 .

Charterers 
will avoid

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

Considered 
Safe,

proposes vet
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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):

57

Class: upwards of 8 concurrent annual/intermediate surveys, e.g. IOPP, Certificate 

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

and

USCG: 1 (Depending on how often will call US ports )
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What can be done to reduce emissions?
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• Slow steaming (5-15% speed reduction or more!)

• Port call optimization (ships and ports can 

coordinate  on-time arrivals)

• Hull Cleaning

Logistics

Side effect: Slow Steaming 

increases demand for 

maritime transport
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• Artificial intelligence (AI)

• Machine Learning (ML)

• Internet of Things (IoT)

• Blockchain

• Digital Twins

• Weather Routing

Emission and CII Monitoring

Blockchain in shipping

Weather Routing

Digital Twins

Digitalization
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• 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 ΔP 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 & lift): 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.

Wind Assisted Propulsion (WAP) Technologies

Flettner Rotor

Suction Wing Sail 

Towing Kite 

Rigid Wing Sails 
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Flettner Rotor ships since 1924

The rotor ship Buckau (1924)
experimental rotor vessel

The rotor ship Barbara (1926)
normal freighter ship
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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%.

Typical Lashing bridge 
configuration

• SGC (Side Gap Cover) in containerships 

(~0.5% net savings)
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A state of the art Design



A state of the art 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.

Rudder Design

Gate Rudder

Twisted Rudder 

Becker Rudder 

Rudder bulb / Costa bulb 

Integrated propeller 
and rudder
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Twisted rudder (1940s Victory ships)
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• 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.

• Sharrow Propeller, consisting of 

     a loop blade design.

• ABB Dynafin™ composed of 

     rotating vertical blades, mimicking 

     a whale tale motion. ABB Dynafin™

Sharrow Propeller

CLT propeller

Kappel 
propeller

NPT propeller

High skew 
propeller

CPP 
propeller

Propeller Design
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• 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-

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

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 

increases the thrust at low speeds.

Devices  for propeller efficiency

Becker / Mewis duct 

Propeller boss cap 
fins (PBCF)

Schneekluth 
Wake Equalizing Duct 

Propeller nozzle 
Pre-swirl stator
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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 
(No bulbous bow)

2000 VLCC 
(Full bulbous bow)
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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$
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Coatings
• Shark Skin Coating

Composed of tiny scale-like elements that can actually 

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

replace conventional antifouling coatings

• Silicon coatings > biocidal copper coatings

• Full blast > Spot blast
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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).

CAPEX
3.5M$ - 

4M$
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Hydrodynamics & Aerodynamics
Maximum power savings

0,00% 2,00% 4,00% 6,00% 8,00% 10,00% 12,00% 14,00% 16,00%

Twisted Rudder

Costa-Bulb with Twisted Rudder

Costa-Bulb with conventional rudder

Boss Cap Fins

Propeller Redisign

Wake Equalising Duct

Becker Mewis Duct

Bulbous Bow Retrofit

ALS

Wind cover (containerships)
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Up to 500 KW electrical power with no CO2 generation

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

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

Waste Heat Recovery (WHR)

Organic Rankine Cycle

*It can also utilize flue gas wasted heat

G

Pump

Expander
Condenser

Evaporator

Preheater

Heater/Evaporator
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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 

may be considered.    …not favored by engine makers

Engine Part Load Optimization (De-rating)

(or VGT) Variable Turbine Angle

Exhaust Gas Bypass

High-pressure tuning
Turbo Compound Systems with 
Power Turbine and Generator 

T/C Cut-out

Electric Turbo 

Compounding

ROI = 2-3 
years

6-7 mo project
<1 mo DD
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Emulsion

83

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.



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

by Journal of Marine Engineering & Technology 84

Phase Pump Motor

Pressure 
transducer

Pressure 
Tank



Shaft Generators (S/G)

Saves up to 20% of original GE consumption

Improved efficiency for electricity generation (due to the higher 

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

lubrication and maintenance costs

NPV of savings of Shaft Gen. 
installation in a 50 k DWT MR 
product tanker
by MAN ES

Main SWBD
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2 MONTHS 
RETROFIT

CAPEX = 3.5M$ - 

4M$



Shaft Generators (S/G): Types
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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.

ME

DG

S/G

Gearbox
(optional)

Propeller

Battery

SWBD

DG
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• PMI VIT (Performance Measuring Indicator Variable 

Injection Timing), with 9% fuel savings.

• PMI ACCo (Performance Measuring Indicator Adaptive 

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

Main Engine Upgrades

• EcoCam enables efficient slow steaming with operational 

flexibility for mechanical engines, with fuel savings of 2-6 

g/kWh.

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

Main Engine Upgrades

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

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

• LED lighting (~1%)

90



Machinery Upgrades:
Maximum power savings

91

20% of DG 
consumption

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

VFD

WHR (ORC)

Batteries

Emulsion

LED

S/G

De-Rating

VCR (WinGD)

PMI VIT, EcoNozzle (MAN)

PMI ACCo, EcoCam (MAN)
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LNG Carriers : RE-Liquefaction

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

Trend à Re-liquefaction & ALS retrofit
• 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.

CAPEX
11M$ - 

13M$
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LNG Carriers : RE-Liquefaction
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Alternative fuels

VESSEL AGE GREEN SOLUTIONS CII IMPROVEMENT CAPEX

Under 5 Year DF Conversion / OCCS HIGH HIGH

Under 10 Year Re-liquefaction/ ALS / Rotor Sail / Shaft Generator MEDIUM MEDIUM

No Limit
PBCF / Pre Swirl Duct / 

Bulbous Bow / Propeller Retrofit / Wind Cover / 
VFD / LED / WHRS / MSS / Coatings

LOW - MEDIUM LOW

Best compliance investments depending on ship’s age:

[H
M

I G
re

en
 S

ol
ut
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n]

Later on

Next slides
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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 
newbuildings and younger ships will experience the final stage of the regulations, so for 
them the alternative fuels and Carbon Capture are also considered.



Alternative fuels
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Alternative fuels: Definitions
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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 
brown/black for coal and grey for natural gas). The carbon dioxide (CO2) and any carbon 
monoxide (CO) generated during the process of fuel production are not recaptured.
Green fuels
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 (CO2) 
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
Yellow fuels are those where the hydrogen used is generated through electrolysis using solar power.

GLOSSARY OF CLIMATE CHANGE DEFINITIONS IN RELATION TO SHIPPING



Alternative fuels: Definitions
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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
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.
Pink/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.



Alternative fuels: Definitions
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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
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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
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Alternative fuels: Definitions
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LNG: Liquefied natural gas (LNG) is a relatively mature low-carbon fuel, (predominantly methane, CH4, 

with some mixture of ethane, C2H6). The gas extracted from underground hydrocarbon deposits contains 

a varying mix of hydrocarbon components, which usually includes mostly methane (CH4), along with 

ethane (C2H6), propane (C3H8) and butane (C4H10). 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. 
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Ammonia: Ammonia is an inorganic chemical compound of nitrogen and hydrogen with 
the formula NH3. 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 O2  →  2 N2 + 6 H2O
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:              
     2 H2 + O2 → 2 H2O



Alternative fuels
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STRAIGHT VEGETABLE OIL

STRAIGHT VEGETABLE OIL

HYDROTREATED  VEGETABLE OIL

HYDROTREATED  VEGETABLE OIL

Challenges and opportunities for 
alternative fuels in the maritime sector

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).

p

H
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Alternative fuels: Price
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$ / ton. of 
VLSFO 
equivalent



Total cost = Price + Penalties
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Source: ABS (Jan 2024)



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



Alternative fuel / DF Combustion Engines  Key issues to be solved:

 LNG: in service

 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

 10
7

Engine Technology readiness

• Safety aspects
• Regulatory gaps
• No IMO requirements (class recently)
• Unburn H2 à GHG (Hydrogen slip)
• Crew training & maintenance 

• Banned from certain Ports!
• Safety aspects 
• Regulatory gaps
• No IMO requirements (only class)
• N20 emissions (Ammonia slip)
• Crew training & maintenance 

• Methane slip

• No substantial WtW reduction if it is 
grey methanol

107





LNG: Methane slip

LNG contains 90% methane
Some of the methane remains unburned 
and escapes into the atmosphere 
because of flame quenching and 
scavenging losses

Unburned  CH4
Invisible cloud

EU ETS 
included by 

2026

Methane is an extremely powerful GHG. 

Methane slip (MS) can potentially offset the 

climate benefits of LNG if not addressed. 

Cylinder 
Cut-Off 
(CCO)

Multi Pilot Injection 
(MPI) 

Engine Gas 
Recirculation 
(EGR)

Reduction 
methane slip 
by ~ 45 %

Possible solutions (CCO need no 
physical installations) :

Engine load ↓

MS rate ↑
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Dual Fuel (DF) Engines vs Conventional

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

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. Ex. below WinGD DF engine differences 

from conventional:
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Hydrogen Engines
7 Mar 2024: 

World-First Hydrogen Test! 
on a marine two-stroke engine • Safety aspects

• Regulatory gaps
• No IMO requirements (class recently)
• Unburn H2 à GHG (Hydrogen slip)
• Crew training & maintenance 

ISSUES TO OVERCOME…
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Fuel Cells
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Fuel Cells
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Fuel Cells
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Fuel Cells
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Fueling Options

Major fuel options for fuel cells: 

• Hydrogen 

• Methane 

• Methanol 

• Ammonia 

High efficiencies:

• PEMFC: 34-51% 

• SOFC: 54-60%

Main Hazard:
Hydrogen leakage à high risk for crew and ship



Onboard Carbon Capture Sys (OCCS)

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

The key challenge for CCS onboard lies with Storage 

and onward Management of CO2. Other challenges are 

• Energy demand 

• Solvent or other process means availability, storage 

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 
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Onboard Carbon Capture Sys (OCCS)

CO2 to become 
a traded 

commodity 

➢ Based on the volume/mass of CO2 produced onboard 

but also cost and energy demand, partial capture seems 

more feasible (starting from a 25% rate of absorption) 

➢ Other storage options include transformation of CO2 to 

a solid by-product or even disposal at sea (3rd option 

seems quite remote and immature) 

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

volume/mass of CO2 produced 

➢  Based on volumes of CO2, a global value chain of 
CO2 with many collection points is a key prerequisite 

KEY POINTS
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Onboard Carbon Capture Sys (OCCS)
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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 

118



Onboard Carbon Capture Sys (OCCS)

Seatrium will install a seven-megawatt capacity carbon 

capture system from Wärtsilä 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.

World's First Full-Scale OCCS Retrofit à Feb 2024  
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Nuclear propulsion: NS Savannah

NS Savannah

Launched 1959
Deactivated 1971

One of only four nuclear-powered 
cargo ships ever built

Hurdles to be overcome:

• IMO resolution to allow nuclear ships to 
trade in port

• Proof of concept (technical and safety 
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
• Back to steam for the engineers of the 

ships
• Control of operating costs
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Small Modular Reactors (SMR)

1
2
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TO WATCH

122

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.



TO WATCH
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"Οι σοφοί απέρριψαν τα ατμοπλοία ως αδύνατα. Οι ιερείς τα καταδίκασαν 
ως ασεβή. Η επιστήμη τα καταδίκασε και η θρησκεία τα εγκατέλειψε στην 
απαξίωση. Ο Φούλτον θεωρήθηκε νέα μορφή του Λούσιφερ. Οι απλοί 
άνθρωποι στις ακτές και στα χωριά επιβεβαίωσαν τις προκαταλήψεις τους 
ανησυχώντας για το παράξενο αυτό θέαμα."

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

(1866) wrote:



Thank you, questions?

Stavros Hatzigrigoris
25th April 2024, Aikaterini Laskaridis Foundation
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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 

as the cargo carried on voyages to, between and from EU 

ports.

The verified Emissions Report for a year must be submitted 

by the shipping company to the European Commission
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ETS

EU MRV

FuelEU

EU MRV

Overall view of the maritime industry
How much to tax?



Rule Safety 
Score Rule Resolution options

SS1-1 1 Open Abandonment of Seafarers 
case at the vessel level

Vessel needs to be removed from ILO list of abandoned 
seafarers, once removed RightShip to review

SS1-3 1 Vessel on the Paris MOU banned 
list

Vessel needs to be removed from Paris MOU banned list, 
once removed RightShip to review

SS1-4 1 Vessel on the AMSA banned list Vessel needs to be removed from AMSA banned list, once 
removed RightShip to review

SS1-5 1 Vessel on the USCG banned list Vessel needs to be removed from USCG banned list, once 
removed RightShip to review

SS1-6 1 Vessel on the RightShip Vessel 
Restriction list

Vessel is removed from RightShip’s proprietary vessel 
restriction list

SS1-7 1 Company on the RightShip 
Company Restriction list

Change of Company association or the company is removed 
from RightShip proprietary Company Restriction list

SS1-8 1 Any vessel with 3 PSC detentions 
in the last 24 months

Send RightShip information to review severity of detention and 
RightShip may suggest a RightShip Inspection. Owner may 
appeal to the MOU with backing of Flag or Class. Vessel 
needs to display good performance over 24 months such that 
the rule will automatically resolve.

SS1-9 1 Vessel with CAT-A incident in 12 
months

The vessel will require a RightShip Inspection & close out of 
incidents before rule release. Vessel needs to display good 
performance over 24 months such that the rule will 
automatically resolve.

SS1-
10 1 Any vessel with an unacceptable 

last RightShip inspection The vessel will require a RightShip Inspection.

SS1-
11 1

Any vessel flagged with a Paris 
MOU scored flag which is Medium 
to High or High Risk

The vessel needs to change it’s Flag to one which is not a 
Medium or High / High Risk with Paris MOU

SS1-
12 1

Any vessel flagged with a Paris 
MOU scored flag which is on their 
Blacklist, and combined with Low 
or Very Low performing Class 
Society

Change of Flag which is not on the Paris MOU Blacklist or flag 
to change status with Paris MOU .

SS1-
13 1 Vessel with 2 incidents (CAT-A or 

CAT-B) in 36 months

The vessel will require a RightShip Inspection and provide 
close out of both incidents. Vessel needs to display good 
performance over 36 months such that the rule will 
automatically resolve.

SS1-
14 1 Vessel with 3 incidents (CAT-A or 

CAT-B or CAT-C) in 60 months

The vessel will require a RightShip Inspection and provide 
close out of all three incidents. Vessel needs to display good 
performance over 60 months such that the rule will 
automatically resolve.

DIY: How to get a RightShip score below 3
Rule Safety 

Score Rule Resolution options

SS2-1 2 Any vessel with 2 PSC detentions in the last 
24 months

Send RightShip information to review severity of 
detention and possible a RightShip Inspection. 
Vessel needs to display good performance over 
24 months such that the rule will automatically 
resolve. Owner may appeal to the MOU with 
backing of Flag or Class.

SS2-2 2 Any vessel with excessively high numbers (50) 
of PSC deficiencies over 24 months

RightShip to review the PSC records and 
potentially ask for an Inspection if required.

SS2-4 2
Vessel with CAT-A incident in last 12 months, 
which already has an acceptable RightShip 
Inspection, and incident close out

Vessel needs to display good performance over 
12 months such that the rule will automatically 
resolve. Part resolution for rule SS1-9.

SS2-5 2
Vessel over 14 years and over 8000 DWT 
without a satisfactory RightShip inspection in 
last 12 months(excl tankers)

RightShip Inspection must be completed

SS2-6 2
Vessel over 25 years and less than 8000 DWT 
without a satisfactory right inspection in the 
last 12 months

RightShip Inspection must be completed

SS2-7 2
Any vessel with an open detention over the 
past 2 years and is still with same DOC or 
current DOC unknown

Owner to provide RightShip with an acceptable 
close out to the open detention.

SS2-8 2
Any vessel with an open incident over the past 
2 years and is still with same DOC or current 
DOC unknown

Owner to provide RightShip with an acceptable 
close out to the open detention.

SS2-9 2 Any vessel whose classes is not an IASC 
Member Change Class

SS2-11 2 Any vessel with an unknown class for more 
than 3 months Provide Class information

SS2-12 2 Any vessel with an unknown flag for more than 
3 months Provide Flag information

SS2-13 2 Any vessel with an unknown DOC for more 
than 3 months Provide DOC information

SS2-14 2

Vessel with 2 incidents in last 36 (CAT-A or 
CAT-B) months, which already has an 
acceptable RightShip Inspection and incident 
close Out

Vessel needs to display good performance over 
36 months such that the rule will automatically 
resolve. Part resolution for rule SS1-13.

SS2-15 2

Vessel with 3 incidents in last 60 months 
(CAT-A or CAT-B or CAT-C), which already 
has an acceptable RightShip Inspection, and 
incident close Out

Vessel needs to display good performance over 
60 months such that the rule will automatically 
resolve. Part resolution for rule SS1-14.



Alternative fuels
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Readings - Sources



Classification Societies
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