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EEDI 

IMO EE 
Regulatory 
Framework 

MBMs 

EEOI 

SEEMP 

Ship owner 

/ operator 

Owners / 

charterers 

EEDI and SEEMP: Mandatory from 2013 

EEOI: Voluntary 

Data collection: Under discussion 

MBMs: Discussion currently suspended 

 

 

 

 

GHGE = greenhouse gas emission 

EEDI- Energy Efficiency Design Index 

EEOI- Energy Efficiency Operational Indicator 

MBM- Market Based Mechanism e.g. cap & trade 

SEEMP = Ship EE Management Plan 

Shipyard 

IMO framework for GHGEs control from ship 
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Source: IMO presentation on Technical measures 

EEDI, EEOI and SEEMP links 

FOC = fuel oil consumption 
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EEDI, EEOI and SEEMP processes 
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• EEDI is the single most important technical measure aimed at 

promoting the use of more energy efficient equipment and engines.  

• The EEDI provides a specific figure for an individual ship design, 

expressed in grams of carbon dioxide (CO2) per ship’s capacity-mile 

(the smaller the EEDI the more energy efficient ship design) and is 

calculated by a formula based on the technical design parameters for a 

given ship. 

• The EEDI is calculated for:  

• each new ship;  

• each new ship which has undergone a major conversion; and  

• each new or existing ship which has undergone so extensive 

major conversion, that it is regarded by the Administration as a 

newly constructed ship  

 

What is EEDI? 
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2014 Guidelines on the method of calculation of the attained EEDI for new 
ships, as amended (Resolutions MEPC.245(66) and MEPC.263(68)) 

Guidelines on the Calculation of the Attained EEDI 
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EEDI Calculation - content 

Attained EEDI formula 

Main parameters 

Reference speed and power 

Correction factors 

 EEDI Technical File 

 Summary 
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Attained EEDI formula 
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Attained EEDI: Formula (Clause 2) 

• EEDI (gCO2/tonne.mile) = 

 

 

 
 

• Not applicable to a ship having diesel-electric propulsion, turbine propulsion and 

hybrid propulsion except for: 
 

• Cruise passenger ships; and  

• LNG carriers. 

 

wreflci

n

i

MEFieffieffAEF

n

i

iAEeffieffiPTI

M

j

jAEFAE

n

i

iMEFiME

M

j

j

fVCapacityfff

SFCCPfSFCCPfPfSFCCPSFCCPf
eff

MEAE

PTI

AE

ME

iME



















































 
 1

)()(

1

)()()(

11

)()(

1

*
)(



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Attained EEDI: Calculation formula 

Main Engine(s)  
Aux 

Engine(s) 

Innovative Energy Eff. 

Power Gen.  

Technologies 

Innovative 

Energy Eff.  

Propulsion 

Technologies 

EEDI =  

[gCO2/(tonne.nm)] 

Annotation:  Boilers are excluded from EEDI 
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Scope of Attained EEDI 

(dashed red line) 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

 

wreflci

n

i

MEFieffieffAEF

n

i

iAEeffieffiPTI

M

j

jAEFAE

n

i

iMEFiME

M

j

j

fVCapacityfff

SFCCPfSFCCPfPfSFCCPSFCCPf
eff

MEAE

PTI

AE

ME

iME



















































 
 1

)()(

1

)()()(

11

)()(

1

*
)(

Attained EEDI: Parameters 

Carbon factor Ship specific  

design factor 

Auxiliary power: 

PME >=10000kW： 

PAE＝0.025Me＋250 

PME < 10000kW： 

PAE＝0.05Me 

Corr. factor Wave factor 

Capacity: 

DWT: Bulk carriers, Containers, 

 Tankers, Gas carriers, cargo ships,etc. 

GT: Passenger Ship 

Shaft Motor Waste Heat Energy Saving 

Main power: 

PME=0.75MCR 

EEDI = 

Attained Speed 

[gCO2/(tonne.nm)] 

CF = conversion (carbon) factor 
DWT/GT = dead weight/gross tonne 
ME/AE = main/auxiliary engine 
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EEDI Condition 

• EEDI is calculated for a single operating condition of the ship. This will be 

referred to as EEDI Condition. 

 

The EEDI Condition is as follows: 

• Draft: (“deepest”) Summer load line draft. 
• Capacity: Deadweight (or gross tonnage for passenger 

ships) for the above draft (container ship will be 70% 

value). 

• Weather condition: Calm with no wind and no waves. 

• Propulsion shaft power: 75% of main engine MCR 

(conventional ships) with some amendments for shaft 

motor or shaft generator or shaft-limited power cases. 

• Reference speed (Vref ): is the ship speed under the 

above conditions. 
 

 MCR- Maximum Continuous Rating 
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Main Parameters 
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Capacity (Clause 2.3) 

• Deadweight for cargo ships: 

• Bulk carriers; 

• Tankers; 

• Gas tankers;  

• Ro-Ro cargo ships; 

• General cargo ships; 

• Refrigerated cargo carrier; and 

• Combination carriers. 

 

• 70% of deadweight for containerships. 

 

• Gross tonnage for passenger ships 

• Passenger ships; 

• Ro-Ro passenger ships; and 

• Cruise passenger ships. 
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Main (engine) power – PME  (options) 

 Power for propulsion 

 (PME) main engine 

 

 

 

 (PPTO) Shaft 

generator 

 PPTO(small) 

 

 

 

 Main engine (big) 

 

 PPTO(big) 

 

 
PTO-  

 

PME = 0.75 x MCRME 

MCRME 

PME = 0.75 x (MCRME - PPTO) 

PME = 0.75 x MCRLIMITED  

MCRME 

(MCRME - PPTO) 

MCRME 

MCRME 

MCRME 

PPTO 

PPTO 
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Main engine power (options) 

 Power for propulsion – PPTI shaft motor 

 
☞  0.75 x PPTI   are accounted  

PPTI 

(ηPTI) 

PPTI(i), shaft 
Aux. 

Engine 

Gen. Set 

(ηGen) 

  GeniPTIiPTIshaftiPTI PP  )(
)()(),(

 Measurement of Vref (main engine + shaft motor) 

MCRME 
i.  PME + PPTI 

PPTI 

Aux. 

Engine 

Gen. Set 

ii. Limited Power 

  Total propulsion power = 

    0.75 x (Limited Power)  

PTI-  
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Reference speed - Vref (Clause 2.2) 

• Measured under EEDI condition using the following propulsion shaft power: 
 

• In cases with “no shaft motor” at shaft power equal to: 0.75 𝑃𝑀𝐸(𝑖) 
 

 

• In case of shaft motor, at shaft power equal to: 0.75  𝑃𝑀𝐸 𝑖 + 𝑃𝑃𝑇𝐼 𝑖 ,𝑆ℎ𝑎𝑓𝑡  

 

• 75% of Limited Power, where the total propulsion power is >75 % of the 

“propeller shaft power limited by verified technical means”. 
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Auxiliary (engine) power - PAE (Clause 2.5) 

• PAE is the required auxiliary engine power to supply normal maximum sea load 

ship’s (excluding cargo) requirements. 

• PAE excludes power for port or cargo, e.g. thrusters, cargo pumps, cargo gear, 

ballast pumps, cargo heating, reefers and cargo hold fans. 

• PAE is calculated as follows: 
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Factors and Correction Factors 
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Factors in EEDI formula 

 

• cF is the conversion factor, transfers 

type of fuel burned into tons of CO2. 

 

• fw : Weather factor 

 

• feff(i) is the availability factor of each 

innovative energy efficiency technology. 

 

• Correction factors: There are a number 

of correction factors, 

including fi, fj, fc, etc. 
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cF (carbon conversion factor) [Clause2.1] 

• CF: conversion factor between fuel consumption and CO2 emission. 
(EEDI Calculation Guideline RESOLUTION MEPC.245(66)) 

 

• CF corresponds to the fuel used when determining SFC listed in the NOx 

Technical File (NTF part of Emissions International Air Pollution Prevention 

(EIAPP) Certificate). 

Type of fuel Reference 
Carbon  

content 

CF 

(t-CO2/t-Fuel) 

1.  Marine Diesel/Gas Oil (MDO/GO) ISO 8217 Grades DMX through DMB 0.8744 3.206 

2.  Light Fuel Oil (LFO) ISO 8217 Grades RMA through RMD 0.8594 3.151 

3.  Heavy Fuel Oil (HFO) ISO 8217 Grades RME through RMK 0.8493 3.114 

4.  Liquefied Petroleum Gas (LPG) Propane 0.8182 3.000 

Butane 0.8264 3.030 

5.  Liquefied Natural Gas (LNG) 0.7500 2.750 

6.  Methanol 0.3750 1.375 

7.  Ethanol 0.5217 1.913 
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Weather factor, fw 

• Weather factor indicating the decrease of speed due to representative sea 

conditions of wave height, wave frequency and wind speed (e.g. Beaufort Scale 6). 

 

• The methodology for determining the  

fw can be used by empirical tables / formulas.  

 

• If fw is applied, then a voluntary  

EEDIweather is assigned.  

(in addition to the “standard” EEDI) 
For the standard EEDI,  

fw is currently equal to 1.0. 
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Availability factor feff(i)  

 

 

• feff(i) is the availability factor of each innovative energy efficiency technology.  

 

• Guidelines for estimation of availability  

factor for wind power, solar power, etc.  

has been developed in the  

relevant Guidelines. 

 

• Currently availability factor of  

1.0 is used for waste heat recovery. 
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Correction factors: Why correction factors? 

• The reference line is applicable to a ship type (e.g. tankers) but does not 

distinguish the ship design differences within the subtypes. 
 

• Subtypes could be for example: 

• Ice-class tankers; 

• Product tankers; 

• Fruit juice tankers;  
 

• The same applies to other ship types. 

 

• To avoid discrimination for some of the ship sub-types,  

correction factors are introduced. 
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Correction factors 

• Power correction factor (fj): 

• Ice-classed ships (fj);  

• Shuttle tankers with propulsion redundancy (80,000~160,000 DWT) (fj); 

• Ro-Ro ships, all types (fjRoRo); and 

• General cargo ships.  
 

• Capacity factor (fi): 

• Ice-classed ships (fi); 

• Ship specific voluntary structural enhancement (fiVSE); and 

• Bulk carriers and oil tankers, built in accordance with Common Structural 

Rules (fiCSR). 
 

• Cubic capacity correction factor (fc): 

• Chemical tanker’s (fc); and 

• Gas carriers having direct diesel driven propulsion system (fcLNG). 

 

 
For details for each correction factor, refer to the Guidelines 
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Summary 

 

• Attained EEDI is calculated for “EEDI Condition” that represents: 
 

• Capacity at summer load line draft; and  

• Ship speed at  75% of main shaft power MCR  
under the above capacity. 

 

• Required engine data (SFOC) are derived  
from engine NOx Technical File. 

 

• A large number of “correction factors”  
are included in the formula. 

 

• Method of calculation of correction factors  
are defined within the Guidelines. 
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2014 Guidelines on survey and certification on the EEDI, as amended 

(Resolutions MEPC.254(67) and MEPC.261(68)) 

Guidelines on Survey and Verification of EEDI 
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Verification stages (Clause 4.1) 

• Survey and certification of the EEDI should be conducted on two stages: 

 

• Preliminary verification  

at the design stage;  

 

and 

 

• Final verification  

at the sea trial. 
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Verification process (Clause 4.1) 
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Basics Correction for Sea conditions  
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Guidelines on Innovative EE Technologies 

MEPC.1/Circ.815: 2013 Guidance on treatment of innovative energy efficiency 
technologies for calculation and verification of the attained EEDI for ships in 
adverse conditions. 
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Technologies covered so far 

Hull Air Lubrication Waste Heat Recovery 

Solar Electricity Wind Power 
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Categories of Innovative EE Technologies 

Three categories: A, B and C 
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Categories of Innovative EE Technologies 

Details on how to deal with the above technologies for EEDI calculations are 

given in the Guidelines. 
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Technologies for EEDI reduction 
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Summary on EEDI 

• EEDI verification is performed in two stages: 
 

• Preliminary verification at design stage 

• Final verification at commissioning sea trials. 

 

• Pre-verification is based on model tank test results. 

 

• Final verification is based on actual speed trial results. 

 

• Verifier is required to witness both tank test and sea trials. 

 

• Development of speed power curve for EEDI Condition involves use of tank test 

data, speed trial data, proprietary tank test facility and ship yard data + use of 

ISO standard for correction. 

 

• EEDI Technical File should be developed as part of the process. 
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What is SEEMP? 

The Ship Energy Efficiency Management Plan (SEEMP) is an 
operational measure that establishes a mechanism to improve the 
energy efficiency of a ship in a cost-effective manner. 

 

SEEMP purpose (Clause 3.2): 

• The purpose of a SEEMP is to establish a mechanism for a 
company and/or a ship to improve the energy efficiency of a 
ship's operation.  

 

A SEEMP provides: 

• A possible approach for improving ship and fleet efficiency 
performance over time e.g. EEOI 

• Some options to be considered for optimizing the performance of 
the ship. 
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SEEMP 
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SEEMP for ship and company 

• SEEMP is intended to be a management tool. 
 

• The SEEMP should be developed as a ship-specific plan by the company. 
 

• … SEEMP should be adjusted to the characteristics and needs of 
individual companies and ships.  

 

• … it is recommended that … the SEEMP is developed in a manner which 
limits any on-board administrative burden to the minimum necessary. 

 

• …it is recommended that a company also establishing an “energy 
management plan” to improve fleet energy performance and 
stakeholders’ coordination (Clause 4.1). 
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SEEMP framework 

• SEEMP works through four 
steps: 

• Planning, 

• Implementation 

• Monitoring, and 

• Self-evaluation  

 

• These components play a critical 
role in the continuous cycle to 
improve ship energy 
management.  

 

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 



SEEMP framework 



Planning - Importance  
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• Planning is the most crucial 
stage of the SEEMP. 

 

• It primarily determines both the 
current status of ship energy 
usage and the expected 
improvements.  

 

• Therefore, it is encouraged to 
devote sufficient time to 
planning. 



Planning – Ident. of ship-specific measures 

Recognizing that: 

• There are a variety of options to improve efficiency. 

• That the best measures differs to a great extent for 
ship type, cargoes, routes and other factors,  

• The specific measures for the ship to improve 
energy efficiency should be identified in the first 
place.  

• After identification of the EEMs (Energy Efficiency 
Measures), they should be listed as a package for 
implementation. 
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Planning – Company-specific measures 

• Improvement of energy efficiency of a ship does not necessarily 
depend on ship management only. A number of stakeholders 
are involved. 

• More coordination between stakeholders is more rewarding … 
• Company should do the coordination rather than the ship. 
• … a “company energy management plan” is recommended to 

manage the fleet and make stakeholders’ coordination. 
The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Ship Energy 

Management 

Stakeholders 

Ports 

Shipyard 

Ship Owner 

Ship operator 

Ship Charterer 

Cargo Owner 



Human resources development 

• Raising awareness and providing necessary training 
for personnel both on-shore and on-board are 
important elements. 

• Such human resource development is encouraged 
and should be considered as an important 
component of planning as well as a critical element 
of implementation. 
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Planning - Goal setting 

• Goal setting is part of planning. 

• Goal settings are voluntary and there is no need for 
announcement to public nor are they subject to 
external inspection. 

• Purpose of goal setting is to increase  
commitment to improving energy efficiency. 

• The goal can take any form: 

• Annual fuel consumption 

• EEOI targets 

• The goal should be measurable and  
easy to understand. 
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Implementation – Estab. of implementation system 

• A system for implementation of the selected measures by 
developing the procedures, tasks and responsibilities ... 

•   

• The SEEMP should describe how each measure should be 
implemented and who the responsible person(s) is.  

 

• The implementation period (start and end dates) of each 
selected measure should be indicated.  

 

• The development of such a system can be considered as a 
part of planning, and therefore may be completed at the 
planning stage. 
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Implementation – Record keeping  

• The planned measures should be implemented in 
accordance with the predetermined implementation 
system.  

 

• Record-keeping for the implementation of each 
measure is beneficial for self-evaluation and should be 
encouraged.  

 

• If any identified measure cannot be implemented for 
any reason(s), the reason(s) should be recorded for 
internal use. 
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Monitoring tools  

• Consistent data collection is the foundation of 
monitoring. 

 

• The monitoring system, including the procedures for 
collecting data and the assignment of responsible 
personnel, should be developed.  

 

• The development of such a system can be considered 
as a part of planning, and therefore should be 
completed at the planning stage. 

 

• …to avoid … burdens on ships' staff, monitoring should 
be carried out as far as possible by shore staff, … 
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Self-evaluation and improvements  

• Self-evaluation and improvement is the final phase of 
the management cycle. 

• This phase should produce meaningful feedback for 
the next improvement cycle. 

• The purpose of self-evaluation is to evaluate the 
effectiveness of the planned measures and of their 
implementation. 

• For this process, procedures for self-evaluation of 
ship energy management should be developed.  

• Furthermore, self-evaluation should be implemented 
periodically by using data collected through 
monitoring. 
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Data Collection Template 
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A proposed format is 

included in the 

Guideline 



Summary on SEEMP Guidelines 

• SEEMP framework is based on Plan-Do-Check-Act continuous 
improvement cycle. 

 

• When developing SEEMP, all the above elements needs to be 
defined at the planning phase. 

 

• At its core, SEEMP has a number of EEMs together with their: 

• Implementation methods 

• Monitoring and checking 

• Self assessment 

• Roles and responsibility 

• Processes and procedures. 
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Energy Eff. Operational Indicator (EEOI) 

• These Guidelines can be used to establish a consistent approach for voluntary 
use of an EEOI. 

 

• It will assist ship-owners/operator… in the evaluation of the performance of 
their fleet with regard to CO2 emissions. 

• These Guidelines present the concept of an indicator for the energy efficiency of 
a ship, …….. 
 

• The Guidelines are intended to provide an example of a calculation method 
………….. for monitoring the efficiency of a ship’s operation. 
 

• These Guidelines are recommendatory in nature and present a possible use of 
an operational indicator.  

 

• Shipowners …. are invited to implement either these Guidelines or an 
equivalent method in their environmental management systems. 
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EEOI Formula 
 

• j is the fuel type 

 

• i is the voyage number; 

 

• FCij  is the mass of consumed fuel j at voyage I                                                  (FC is 
defined as all fuel consumed at sea and in port or for a voyage or period in question, by main and auxiliary 
engines including boilers and incinerators) 

 

• CFj is the fuel mass to CO2 mass conversion factor for fuel j 

 

• mcargo is cargo mass (tonnes) or work done (number of TEU , passengers, etc.) 
depending on ship type. 

 

• D is the distance sailed in nautical miles corresponding to the cargo carried or work 
done 

 

Voyage generally means the period between a departure from a port to departure from next port.                                         
For cargo ships (dry, wet, etc.): Metric tonnes (t) of the cargo carried.                                                                          
For containerships (carrying solely containers): Number of containers (TEU) or metric tons (t) of the total mass 
of cargo and containers. Ships carrying a combination of containers and other cargoes: A TEU mass of 10 t could 
be applied for loaded TEUs and 2 t for empty TEUs.                                                                                                         
For passenger ships, including Ro-Ro passenger ships: Number of passengers or gross tonnes of the ship. 
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Establishing EEOI 

• Main steps for establishing an EEOI are: 

 

• Define the period for which EEOI is calculated (or the voyage) 

• Define data sources for data collection 

• Collect data 

• Calculate EEOI 

 

• Port operation and ballast voyages, as well as voyages which are 
not used for transport of cargo, such as voyage for docking 
service, should also be included 

 

• Voyages for the purpose of securing the safety of a ship or saving 
life at sea should be excluded. 
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Calculating EEOI 

• Data sources 

• Bridge log-book 

• Engine log-book 

• Deck log-book 

• Other official records 

• EEOI is normally calculated for one voyage. 

• Average EEOI for a number of voyages can be carried out. 

• Rolling average, when used, can be calculated in a suitable time 
period, e.g.: 

• One year or  

• Number of voyages, e.g. 10 voyages, which are agreed as 
statistically relevant to the initial averaging period 
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Calc. of the EEOI – Data sheet template 
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• Example (includes a single ballast voyage) 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Unit: tonnes CO2/(tons x nautical miles) 

 

Calculation of the EEOI (example) 
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Calculation of the EEOI (example) 



SEEMP Related Measures 



Aspects to be considered for ship Operations 
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Ship energy efficiency operational measures 

Just-in-time 

Trim/ballast optimization 

System planning and reduced demand 

Hull and engine conditions 
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Operational measures 
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Ship energy efficiency operational measures (SEEOM) 

Operation management: 

• Speed reduction / slow steaming 

• Optimum trim/draft 

• Voyage/itinerary optimization 

• Weather routing 
 

Maintenance and condition monitoring 

• Hull condition and cleaning 

• Propeller cleaning/polishing/balancing 

• Engine condition and tuning 

• Steam plant improvements 
 

Auxiliary load management 

• Reduction of electrical load 

• Load and utilization management 
 

Training of crew and staff 
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SEEOMs – Cost effectiveness 

Marginal Abatement Cost Curve (MACC) 
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Just-in-time operation 
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Just in Time 

• Just in Time (JIT) concept: Where is the idea from?  
 

• JIT in shipping: Operation management to avoid unnecessary waiting and idle 
periods of ship operations in all phases of a voyage or modes of operation: 

• at sea operation  

• at port operation 

 

Good and early communications with next port: 

Up to date with berth availability 

Facilitate the use of optimum speed. 

Good and early communications between fleet department, master and 
charterer. 

Improve cargo handling operation and avoid delays.  
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Why ship’s waiting / inactivity? 

Domestic ships’ movement is influenced by many factors such as: 
 

• Requirements of “cargo owner”: When/where cargo should be loaded/discharged.  
 

• Slotting issue in ports: Berth availability / cargo space availability. 
 

• Regulatory issues that may lead to: 

• Prevention of entry to port. 

• Detention for some periods of time 
 

• Technical failures that leads to loss of ship availability. 
 

• Lack of business (cargo). 
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Just in Time/Virtual Arrival 

• Virtual arrival: Is a specific form 
/name for Just In Time. 

• Virtual arrival aim: Reduce 
waiting times / achieve longer 
passage time thus reduced 
ship’s voyage average speed.  

• A significant level of energy 
saving is expected with virtual 
arrival. 

• A significant reduction in port-
area emissions. 
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Just in Time/Virtual Arrival – JiT/VA Processes 

Step 1 - Identification of 

change in itinerary: For 
example to identify a delay at 
the next port of destination. 

 

Step 2 - Agreement to new 

itinerary: Parties involved 
agree to a change in ship’s 
itinerary. 

 

Step 3 - Speed adjustment: As 
a result of the newly agreed 
itinerary, the ship’s speed or the 
engine RPM is reduced. 
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Itinerary & voyage management – Main players? 

• Improvements to ship itinerary requires efforts by all parties involved: 

• Charterer (operation department): On time decision making on ship itinerary 
and overall steaming speed. 

• Ship master: On-time operation of the ship, within the terms of charter party. 

• Port authorities: On time berth availability / loading / unloading / etc. 

• Interaction between above parties that leads to actual (achieved) ship itinerary.  
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Just in Time and Virtual Arrival – Benefits 

• Fuel saving and CO2 reduction and cost reductions are the main benefits. 

 

• Other benefits include: 

• Other emissions reductions 

• Releasing ship for other activities 

• The improved planning of in-port activities 

 

• Port benefits: Reduced port congestion, less emissions, reduced noise and 
enhanced safety.  
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Weather routing 
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Weather Routing – Why?  

• Ship safety by avoiding extreme adverse sea conditions 

 

• Save fuel and possibly reduce the voyage duration: 

• Avoid head winds and currents, if possible 

• Adjust speed according to water depth 

 

• Mainly effective for long ocean passages where alternative routes exist. 

 

• Mainly effective for short sea shipping with variable water depth operation. 
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Weather Routing –  

Impact of water depth and wind on fuel consumption 

Ship Speed Water Depth Increase (%) 

10 15 3 

10 100 0 

17 15 10 

17 100 0 

20 15 20 

20 100 0 

wd Type Increase (%) 

315-360, 0-45 
Head wind 

4 

45-135, 225-
315 

Side wind 2 

135-225 Tail wind 1 

Fuel consumption increase (%) for different water depths and ship speeds 

Approximate relation between wind direction and increased fuel oil consumption for 
each unit of Beaufort. 
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Maneuvering and course control 

• Generally, ship maneuvers can be divided into routine 
maneuvering and maneuvering in safety-critical and 
emergency situations. 

 

• Routine maneuvering in open seas covers ship-
handling under normal conditions.  

 

• Maneuvering in coastal areas, at entrances to ports 
and in harbor basins, etc.  

 

• Maneuvering is always connected to fuel saving and 
energy efficiency. 

 

• The more the maneuvering, the higher the fuel 
consumption.  
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Trim optimization 
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Trim Optimisation – Physics of trim 

• The large dependencies of ship performance on the trim is because trim causes: 

• Changes to wave resistance 

• Changes to wetted surfaces (thus frictional resistance). 

• Changes to form resistance due to transom submergence 

 

• Changes to various propulsion coefficients including: 

• Resistance coefficients 

• Thrust deduction 

• Wake fraction 

 

• Changes to propulsive efficiencies including: 

• Relative rotative efficiency. 

• Propeller efficiency 
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Trim Optimisation – Impact of trim 

Source: Lloyd’s Register 

• Trim impact depends on ship 
speed and draft. 

 

• The impact of trim either is 
measured by model test or 
calculated using CFD. 

 

• Guidance table for trim is 
normally prepared for ship-
board use. 

 

• As indicated impact of trim 
could be significant. 
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Trim Optimisation – Operation best practice  

• Currently, the great majority of industry include even keel operation (zero trim) is 
the normal practice. 
 

• This generally may represent the optimal trim for ships with high block coefficients 
and non-pronounced bulbous bow (e.g. tankers).  
 

• In ships with slimmer body and higher speed, the impact of trim on performance 
could be significant. 
 

• In use of trim optimization, the following ship types would be given higher 
considerations: 

• Container ships 

• RoRo cargo and passenger ships 

• RoRo car carriers 
 

• Effective use of the loading computers capabilities is important for safe trimming of 
the vessel. 



Trim Optimisation – Operation best practice  

• Trim influences ship fuel consumption significantly, with evidence showing 
up to 4% savings. 

• Trim impact is via changes to ship hydrodynamics and resistances. 

• For every ship, there is a range of optimal trim;  

• The optimum trim is a function of ship speed and draft. 

• For certain ship types in particular those with higher speeds, slimmer body, 
pronounced bulbous bow and flat stern, trim will have more impact. 

• Optimal trim are established either through extensive model testing or CFD 
analytical methods. 

• To achieve optimal trim, due consideration should be given to ship loading 
and its load planning. 

• Ballast water and to some extent bunker fuel may be used to trim the vessel. 

 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Ballast water optimization 
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Ballast Water Optimization 
Why ballast water? 

• Ballast water is essential to control trim, list, 
draught, stability and stresses of the ship.  

Ballast water regulations? 

• Ballast water activities on board ship is 
heavily regulated. 

• The regulations mainly relate to prevention 
of specifics from their natural habitats to 
other ports. 

 Ballast water operations? 

• Ballast water exchange 

• Loading ballast water 

• Discharging ballast water 
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How ballast water impacts energy efficiency? 

In a number of ways: 

 
• Amount of ballast water: Changes ship displacement, thus wetted surfaces and 

ship resistance.  
 

• Generally, the more ballast water or ballast sediments are carried around, the 
bigger will be ship displacement and more energy consumption is expected. 

  
• Change in ship trim: Trim optimisation via effective use of ballast water could 

lead to gains in energy efficiency. 
 

• Ballast exchange process: Energy is used for exchange of ballast. Therefore 
process optimisation could lead to reduction of energy use. 
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Ballast Water Optimization – Energy efficiency methods 

• Carrying less ballast water:  

• For energy efficiency, it is generally desirable to carry less ballast. 

• Of course this should not contravene any of the regulations and compromise ship safety. 

• Also, this should not cause non-optimal trim. 

 

• Efficient ballast management operations: This means performing ballast exchange or 
ballasting and de-ballasting in a way that is more energy efficient. For example: 

• Gravity assisted ballast exchange is preferred to simple pumping in/out processes. 

 

• Sequential ballast exchange is more energy efficient than flow-through method as less water 
needs to be displaced. 

 

• Trim optimisation: Ballast should be used effectively to adjust the ship optimum trim 

 

• Sediment removal: Sediment removal leads to better cargo capacity and energy efficiency. 
Sequential method: In this method the ballast tanks are emptied until the ballast pumps lose suction and then the tanks are further 
stripped by eductor systems. This is followed by taking fresh ballast into the tank.  

Flow through method: In this method water in pumped into the tank and to allow it to overflow through the air vent or dedicated 
overflow vents. Three times the volume of the tank is to be pumped through to get a 95 percent efficiency of exchange.             
Dilution Method: In this method the tank has two openings; water is pumped in from one opening and flows out through the other. 
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Hull coating and maintenance 
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Hull Coating 

• For lower speed ships skin friction resistance 
dominates; 
 

• For a very large crude carrier (VLCC) at full 
load condition 90% of resistance is from hull 
friction; 
 

• Strategy: Reducing hull friction resistance. 
 

• There are advanced hull coating that may be 
used for this purpose. 

 

• Application of advanced coatings will be more 
expensive but return in terms of saving could 
be high. 
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Hull monitoring and cleaning 

• Hull fouling takes place over time. 
 

• Rate of fouling depends on various factors: 

• Ship operation regions 

• Speed and operation profile 

• Hull coating and hull surfaces 
 

• Net result: significant increase in fuel 
consumption. 
 

• Use of proper hull monitoring analysis 
system and cleaning could support the 
reduced fuel consumption. 
 

• A lot of service providers perform hull 
performance monitoring. 

Propulsive power versus speed
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Ship / Engine Performance Monitoring 

• Recording of relevant data and 
ensuring data quality 

• Present performance trends over 
time 

• Compare with relevant benchmarks 

• Help ships to be operated at their 
most efficient points 



Evidence of impact of hull condition 

There are ample evidence showing the significant impact of hull condition on fuel oil 
consumption 
 



Main factors that influence hull fouling rates 

• Initial roughness of the hull 

• Quality of hull coating  

• Robustness of the coating with respect to mechanical damage 

• The areas of the hull where there is sunlight  

• Sea water temperature 

• The salinity of the water (performance of coating will be a function of 
salinity of water) 

• Amount of algae in the water 

• Ship speed and its operation profile 

• Hull maintenance 



Main types of hull coatings 

• Controlled Depletion Polymer (CDP) – A traditional antifouling: 
• Based on water soluble natural or synthetic pine rosin mixed with a 

biocide.  
• Typical life: 3 years. 
• The average hull roughness increase: 40 μm per year. 

 

• Self-Polishing Copolymer (SPC) 

• An insoluble metallic or organic synthetic polymer that contains a 
biocide. No ship movement is required for self polishing.  

• Typical life: Five years for high quality systems 
• Average hull roughness increase: 20 μm per year. 

 

•  Foul-release Coating 

• A biocide-free coating with non-stick properties to control fouling.  
• Full release of all fouling due to ship speed is a challenge in some 

cases. Also, mechanical damage is especially critical 
• Average hull roughness increase: 5 μm per year, limited data. 



Hull cleaning 

• Regular in-service cleaning is beneficial if damage to coating is 
avoided. 

• For partial cleaning, the priorities: 

• Forward third of hull. 
• Remainder of hull working from forward to aft with emphasis on 

areas which have more exposure to light. 

• Regular cleaning of macro-fouling is highly recommended. 

• For best results, the scheduling of cleaning should be based either 
on performance monitoring or on regular under-water inspections.  

• Regular inspection, photographs and roughness measurements 
would be a prudent way to monitor the impact of cleaning and the 
condition of the coating. 

 



Other aspects for hull cleaning 

 Regulatory Guidelines: IMO MEPC.207(62) resolution on 
“Guidelines for the Control and Management of Ships’ Biofouling to 
Minimize the Transfer of Invasive Aquatic Species”. This asks for a 
Bio-fouling Management Plan (BfMP) and a Bio-fouling Record 
Book (BfRB) to be on-board. This may limit the locational scope for 
cleaning of the hull. 

 Area of operation: Anti-foul hull coatings are generally designed for 
salt water and area of operation will have impacts on choice of 
coating. 

 Hull cathodic protection system: The installation of a hull cathodic 
protection system should could reduce the corrosion of the hull.  

 Lay-up: If a ship has been in lay up in a high fouling area for a long 
time it may need to be taken to dry dock to be cleaned before it can 
be put into service.  

 



Propeller aspects 

• Similar to the hull surface, propellers suffer degradation in 
performance due to surface roughness.   

• Polishing will mainly reduce the frictional losses of the propeller but 
will in many cases also reduce the rotational losses. 

• Corrosion and cavitation erosion and impingement attack can cause 
roughness. 

• Improper maintenance can also increase roughness. 

• It has been estimated that polishing a roughened propeller surface 
may result in a decrease in fuel consumption of up to 3%.  

• Divers can clean a 5 bladed and 10 m diameter propeller in about 3-
4 hours for a cost of about US $3,000 in the Far East (Europe is 
more expensive). What is cost of getting propeller clean in Pacific? 

 



Condition based hull and propeller cleaning 
• Major questions: 

• What/When are the optimal timings for hull and propeller 
cleaning? 

• What is the best routine for cleaning whilst safeguarding the 
existing paint system. 

• What is the time and cost to apply a new coating and which 
one? 

• Condition-based hull and propeller maintenance tries to give an 
answer for bullet 1. This can be done in two ways:  

• Measure/observe actual hull and propeller roughness/fouling 
and compare with baseline values that indicate when cleaning 
should be done. Use of divers. 

• Use performance analysis packages that track changes in fuel 
consumption, shaft power and main engine power to identify 
degrading surface conditions.  

 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Fuel Management 
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Typical fuel oil system  

• Storage tanks 

• Transfer pumps 

• Settling tank 

• Purifiers 
(centrifuge) 

• Service tanks 

• Flow meter 

• Heaters 

• Viscosity 
regulator 

Typical fuel oil system for a cargo ship [Source: 

http://www.machineryspaces.com/fuel-oil-treatment.html] 

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

http://www.machineryspaces.com/fuel-oil-treatment.html
http://www.machineryspaces.com/fuel-oil-treatment.html
http://www.machineryspaces.com/fuel-oil-treatment.html
http://www.machineryspaces.com/fuel-oil-treatment.html
http://www.machineryspaces.com/fuel-oil-treatment.html


The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Fuel management aspects 

• Fuel quality has significant impact on engines’ and boilers reliability 
and performance.  

• The limits for fuel quality parameter as set out in International marine 
fuel standard, ISO 8217. 

• The standard specifications are based on the understanding that the 
fuel will be treated on-board. 

• Fuel management relates to: 

• Bunkering 

• Storage 

• Transfer and treatment 

• Combustion 

• Etc. 

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 
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Fuel bunkering main activities 

• Handling: Safe handling and pollution prevention 

• Quantity: Correct measurements before, during and after bunker 
operations,  

• Storage of delivered fuel: Use of correct storage tanks (to avoid 
mixing of incompatible fuels)  

• Samples: Collection of representative samples for regulatory 
purposes 

• Quality: Analysis of fully representative samples as first line of 
defence against poor quality fuels.  

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 
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Fuel quality and quantity assurance 

Importance of knowing your fuel helps with: 

• Appropriate ship-board storage, handling, treatment and 
combustion. 

• The use of fuel in a most safe and efficient way.   

• Compliance to environmental regulations. 

• Maximise combustion performance. 

• Reduce commercial, technical and operational risks associated with 
using varying quality fuels. 

• Appropriate actions are taken to avoid any adverse effects and 
mitigating disputes. 
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Fuel storage and transfer 

Avoid co-mingling: 

• Do not mix different batches 
of fuels to the extent possible. 

• Incompatibility is the most 
common problem with the 
bunker fuel mixing that leads 
to clogged filters, engine 
damage, etc. 

 

Clogged fuel pipes due to poor quality of fuel 
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Bunker quantity measurement 

• Manual gauging of all the fuel tanks before and after bunkers 

• Ship-board fuel inventory analysis: 

• This is normally done through tank sounding and is currently 
the most widely used practice. 

• Use of the mass flow meters: 

• Based on the performance of the available technologies.  

• A number of options are available (volumetric, Coriolis, 
ultrasound).  

• All require varied degrees of correction for fuel density and 
temperature. 
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Fuel treatment - Settling tank 

• The role of settling tank is to separate heavy residues and water from the 
fuel through the natural settling process.  

• To provide best performance: 

• Settling tank temperature should normally be maintained between 60-
70oC for HFO. 

• Transfer of fuel to the settling tank for top up to be in small quantities at 
frequent intervals not to cause major change in temperature or settling 
disturbances. 

• Drain off water and sludge at the settling tank bottom drains at regular 
intervals. Frequent / low volume is the most effective way of removing 
settled contaminants. 

• It is always preferable to use the lower blow-down outlet to minimise 
the space available for sludge accumulation and give early warning of 
contamination issues. 

 The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 
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Fuel treatment - Purification 

• Centrifugal separators are used to separate 
sludge, water, cat fines, etc. 

• The efficiency of a centrifugal separator is 
affected by: 

• Composition of the fuel 

• Quantity of fuel 

• Temperature of fuel 

• Cleanliness of the separator and its general 
working conditions. 

• For good purifier performance: 

• Operate purifiers in an optimum manner. 

• Make sure purification system and its disks 
are correctly working. 
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Fuel treatment – Viscosity control 

• For use of fuels in engines, an optimal injection viscosity is required, at the 
engine inlet. 

• This is achieved via fuel correct temperature control.  

• Incorrect injection viscosity results in poor atomisation which affects the 
engine efficiency by which the fuel is burnt.    

 

 

Fuel steam heating for viscosity control 
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Fuel additives 

• Additives could provide benefits for marine fuels mainly in areas: 

• Improvement of fuel combustion 

• Reduction of particulate matter and visible smoke. 

• Overcoming soot build-up in the exhaust system 

• Economiser improvements via keeping them clean, foul free with a 
reduction in risk of fire. 

• Reduction and inhibition of deposit build-up on piston rings, injector 
nozzles and valves. 

• Reduction and prevention of cylinder liner lacquering build-up. 

• Protection against fuel pump and injector needle seizures 
The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 
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Summary of fuel management energy efficiency measures 
• Economical amount of bunker to be carried around. 

• Proper temperature control of fuel at various stages of treatment. 

• Ensure tank fittings (manhole covers, vent pipes, etc.) do not allow water, 
cargo or other material to get into the fuel.  

• Ensure heating coils are tight. 

• Ensure that tank wall condition is in good order avoiding corrosion or other 
material being entrained with the fuel which then has to be removed. 

• Maintain settling tanks at a correct temperature enables the purifier 
heaters to achieve the required treatment temperature. 

• Periodically verify that the viscosity controller is working correctly. 

• Monitor fuel oil sludge levels and ensure that sludge levels are not high 
due to poor maintenance of the purifiers (homogenisers can be used to 
reduce the sludge levels). 

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 
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Ship-board operational planning 
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Transit:  

Ship sailing in open ocean/unrestricted waters 

 

Typically: 

• Ship is travelling at its sea-speed or cruising speed 

• Propulsion engines operating at highest loads 

• Aux. engine loads required by ship are at their 
lowest loads 

• Aux. boilers are off 

• Economizers are on because of high propulsion 
engine exhaust temperatures 

• Vessel fuel consumption: at its highest level due to 
the propulsion system’s power requirements and 
auxiliary fuel consumption is low 

Modes of operation  
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Modes of operation  

Transitioning / Maneuvering: Ship typically 
operating within confined channels or approaching 
harbor 

 

Typically: 

• Ship is transiting at its slowest speeds 

• Propulsion engines are operating at low loads 

• Aux. engine loads at highest load of any mode, as 
additional onboard equipment (thrusters, air 
scavengers/blowers) and generators are online  

• Aux. boilers are on because economizers not 
functioning due to low propulsion engine loads (& 
resulting lower exhaust temperatures) 

• Vessel fuel consumption: very low for propulsion 
system, highest for auxiliary engines, low for aux. 
boilers 
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Modes of operation  

At-Berth or anchored:  

Ship is secured and not moving 

 

Typically: 

• Propulsion engines are off 

• Aux. engine loads can be high if ship is self-
discharging its cargo 

• Aux. boilers are operated to keep propulsion 
engine and fuel systems warm in case ship is 
ordered to leave port on short notice, for crew 
amenities, etc. 

• Vessel fuel consumption: medium to high for aux. 
engines; medium to very high for boilers 
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Engine load management 

• Load factor: Actual power output 
of the engine relative to its 
Maximum Continuous Rating 
(MCR) - Normally specified in %. 

 

• Efficiency of a diesel engine is a 
function of its load factor. 

 

• Load management aims to operate 
engines at a more optimal load. 
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Engine load management – For auxiliary engines 

• Load management of auxiliary engine for reducing: 

• Engines’ fuel consumption 

• Engines’ maintenance costs.  
 

• Each ship has normally three auxiliary engines, each connected to a generator (DG) 
 

• On-board ships, two DGs are normally operated for long periods. This is normally 
done for: 

• In ports 

• Standby periods 

• Tank cleaning periods,  

• Movement in restricted waters 

• Etc.  
 

• This often leads to unnecessary simultaneous use of multiple engines at low loads.  
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How to reduce auxiliary engines utilisation  

• Step 1 – Establish the load factor of various 
DGs via collection and analysis of data. 

 

• Step 2 – Benchmark to identify if engines are 
used more than necessary. 

 

• Step 3 – Reduce the use of 2-DGs 

 

• Methods to reduce auxiliary loads: Proactive 
demand management including load 
reduction and load scheduling via “ship-

board operations planning”. 
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Ship-board operations planning – Areas to cover 

• Ship operation involves a variety of activities and tasks including: 

• Loading 

• Unloading 

• Ballasting and de-ballasting 

• Inner gas generation and top ups for crude oil and product tankers 

• Bunkering 

• Manoeuvring 

• Stand-by 

• Normal passage operation 

• Waiting and anchorage 

• Fresh water generation 

• Potable water generation 

 

• Planning of the above require good coordination between deck and engine 

departments. 
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Ship-board operations planning – For electrical load 

reduction 

• Avoid unnecessary energy use via switching off the machinery when not needed. 

• Stop all non-essential machinery and equipment use via planning: 

• Step 1 – Identify these items. 

• Step 2 – Define procedures for the execution of tasks 

• Step 3 – Implement the procedure. 

• Step 4 – Monitor and control. 

• Avoid use of excessive parallel operation of machinery. 

• Optimize HVAC operation on board. 

• Coordinate and enhance deck and engine departments communications on issue 
of efficient use of machinery. 
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Ship-board operations planning – For auxiliary boiler use 

reduction 
• Effective use of exhaust gas economiser. 

 

• Avoid additional use of auxiliary boilers: 

• The requirement for steam need to be examined and planned.  

• The steam system maintenance/boilers should be done properly. 

 

• Cargo heating plan 

• For ships with cargo heating requirements.  

• The cargo heating plan is best to be made soon after loading cargo. 

• The plan will include how and when and what temperatures?  

• It is also part of best practice for vessels to complete the heating log abstract 
(daily basis). 

• A review of the heating log abstract will help with better future planning. 
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Cargo Heating Plan  

Two typical 
cargo heating 
pattern graphs. 
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Energy Management System and Plan 
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Ship energy management system 

Source: ISO 50001:2011 

A continuous improvement PDCA cycle 

Company Energy management system (ISO 50001) Ship SEEMP (IMO) 
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Ship Energy Management: A systematic approach 

Need to: 

• Set clear policies and goals for the fuel saving projects. 
 

• Set a roadmap for 3-5 years. 
 

• Approach it in a step-by-step way with proper monitoring. 
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Ship Energy Management: 3-Step Approach 

From low-
hanging 
fruits to 
major 
capital 
investments 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Summary and conclusions 

• There are a significant number of Ship Energy Efficiency Operational Measures 
(SEEOM). 

 

• Saving energy operationally, requires a continuous improvement method and 
mindset. 

 

• SEEMP regulation advocates the above approach. 

 

• A number of key energy saving measures were analyzed together with their basis 
and impacts. 
 

• The question remained to be answered is: 

 

WHY SHIPPING DOES NOT TAKE ADVANTAGE OF SUCH POTENTIALS? 

 



 

The Global MTCC Network (GMN) project is funded by 

the European Union and is implemented by IMO 

THANK YOU 
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Content 

Ship hydrodynamics 

Propeller and propulsion system 

Engines and power systems 

Economic assessment 

Auxiliary machinery 

Case study: Futuristic concept ships 
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Innovative and new technologies and fuels 

 

 
• Innovative technologies 

• Wind 

• Solar 

• Hull air lubrication 

 

• Alternative fuel 

• LNG 

• Nuclear? 

• Etc. 

Wartsilla Sail 

Flettner 
Rotor 

Solar 
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Ship hydrodynamics 
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Ship resistances 

• Frictional 

• Wave making 

• Eddy 

• Air 

• Total towing resistance 

 
 

• Power needed 

 

 

• Resistance is generally proportional to ship speed V2 

• Propulsion power needed s proportional to V3 

• Fuel consumption per nautical mile is proportional to V2 
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Propulsion optimisation 

• Reduce resistance 

 

• Increase efficiencies: 

• Hull 

• Propeller 

• Rel. Rotation 

• Shaft efficiency 
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Hull form 

• Hull design optimisation can lead to significant reduction in fuel consumption. 
 

• Areas for improvement include: 
 

• Hull itself – reduce skin friction. 
 

• After-body – reduce wave making resistance. 
 

• Bulbous bow - reduce wave making resistance. 
 

• Flow optimisation around hull appendices and openings. 

 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Ship aerodynamics 

• Reducing air resistance. 
 

• More streamlined design of 
superstructures. 
 

• Deck-board location of machinery 
systems. 

Source: SVA Hydrodynamic Solutions 
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Hull form – bulbous bow impact 
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Hull air lubrication 

• Reduces hull skin friction by creating a 
partial air cushion. 

 

• Up to 15% of fuel savings is claimed. 

 

• This technology is still under trials and 
a number of pilot trials are underway. 

 

• With Mitsubishi system, 6% savings 
has been reported in pilot cases. 

 

 

Source: Mitsubishi 

Ref.: System by DK Group  
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Fore-body optimization and bulbous bow 

• Fore-body optimization 
includes consideration of for 
example bulb design.  

• A properly designed bulbous 
bow reduces wave 
resistance by producing its 
own wave system that is out 
of phase with the bow wave 
from the hull, creating a 
cancelling effect 

Soumya Chakrabortv 

Maersk, Jonathan Wichmann 

A Maersk 

ship getting 

a “nose 
job”! 
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Technologies: 
• Propeller Boss Cap Fin (PBCF) 
• Efficiency rudder 
• Contra-rotating propeller 
• Ducted propeller 

NOTE:  

The effectiveness of each of the above technologies will vary from ship to ship. 

Propulsion (propeller) technologies 
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Propeller energy balance 

Most of the technologies aim to recover part of the 40% losses 

Efficiency 
60% 

Rotational 
losses 

5% 

Frictional 
losses 

15% 

Axial losses 
20% 
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Improving Propeller Efficiency – Wake field improvement 
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Devices forward of propeller - Ducts 

• A number of designs exists 

• Wake field equalisation: The 
installed duct provides a more 
uniform wake field for the 
propeller. 

• Reduction of propeller hub 
vortex: An improved flow behind 
the duct significantly reduces 
the propeller hub vortex. 

• More suitable for the larger 
ships and hull forms. 

 

Mewis duct 

Wake equalizing duct 
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Mewis Duct – Becker Marine System 

• It channels the water flow more 
accurately over the propeller and 
so create better efficiency. 

 

• Becker Mewis Duct device have 
indicated energy savings up to 8% 
with an average of 6.5%. 
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Efficiency rudder 

• High efficiency rudders: Recovering of 
residual energy from propeller.  
 

• Results in slimmer rudder profile, reduced 
rudder size and reduced hub drag. 
 

• Installed on many vessels. 
 
• Mostly suitable for ships with full aft body. 

 
• 3 to 7% energy savings is claimed. 
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Devices forward of propeller – Pre-swirl stator 
• Enhanced propeller efficiency via fitting of 

the bladed stators on the hull immediately 
forward of the propeller.  

• The stator fins adjusts the flow into 
propeller as the same happens in in normal 
pumps with guide vanes.  

• A gain of 4% in propulsion power is 
claimed.  

• As with the ducts, the device is especially 
suitable for the larger ships and hull forms. 

• Its first installation on a 320,000 DWT 
VLCC has resulted in a 4% reduction in fuel 
consumption with more installations 
afterwards 

DSME system [SPPA] 
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Propeller Boss Cap Fin (PBCF) 

• Propeller has some flow losses that is 
recovered by PBCF. 

• PBCF eliminates or reduces the hub vortices 
generated.  

• As a result, PBCF can play an important role in 
reducing propeller generated noise and 
vibration. 

• It is suitable for slow speed vessel.  

• PBCF boost propulsive efficiency by about 5% 
and ship fuel efficiency by about 2%. 

• PBCF can be retrofitted easily to an existing 
ship.  
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Propeller Boss Cap Fins (PBCF) 
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Mitsui OSK – Propeller Boss  
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Contra-rotating propeller / podded contra-rotating 

propeller 

• Eliminates exit rotational losses which are 
almost 8-10% for conventional propellers. 

 

• Improves propulsive efficiency by 16-20%. 

 

• Better cavitation performance. 

 

• Podded arrangement system shown in the 
diagram. 
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Engine technology 
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Engine efficiency ranges 
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De-rated engines 

• De-rating of the engine – Choice 
of a larger engine but with: 

• A reduced MCR; 

• Same normal maximum 
cylinder pressure for the 
design continuous service 
rating; and  

• Lower mean effective 
pressure. 

 

• The above results in a lower ship 
fuel oil consumption (SFOC). 

 

• SFOC reduction ≤5% is reported. 
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Waste heat recovery 

• Heat recovery from engines. 

• Systems offered combine the base diesel engine with gas turbine and steam 

turbine. 

• Higher power plant efficiency of 10-15% is claimed for the integrated system. 

• Payback periods of 4-7 years is claimed, depending on fuel prices. 

• Both MAN B&W and Wartsilla based systems are offered. 
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Waste heat recovery system and hybrid propulsion 

Main engine 
M/G 

 

Aux. engine 
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Aux. engine 
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Aux. engine 
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Ship service steam 

shaft motor/generator / 
PMS 
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Renewable energy devices 
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Renewable energy – Wind and sail concepts 

Wartsila’s concepts 

• Wing shaped sails of composite material installed 
on deck – possible efficiency gain of ~20%. 

 

 

 

 

Flettner rotors installed on deck – provides thrusts 
perpendicular to wind direction.  

• Pilot cases have been tried successfully 
 

 

 

 

Skysails are being developed as towing-kites. 

• Suited more to larger vessels at speeds <16 knots. 

• A proper routing system is required. 

• On trial on for 2 ships. 

Ref: SkySails GmbH & Co  
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Renewable energy - Solar 

• NYK’s PCC Auriga Leader –  
200m x 32m x 34m; 6200 cars; 18,700 dwt. 

 

• 328 solar panels, USD 1.68m,  
40 kW, ~0.3% of installed power. 

 

• Combined sails with solar are also 
proposed. 
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Auxiliary systems and machinery 
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Variable speed drives 

Power-flow characteristics
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Outlet control Inlet control Variable speed drive

• Applicable to fluid rotating machinery such as pumps, compressors, etc. 

 

• Flow control is best to be carried out by speed control. 

 • Recommended when the flow 
rate changes with time. 

 

• Potential area of application: 

• HVAC system fans. 

• Boiler fans. 

• IG fans. 

• Pumps. 
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High efficiency electric motors 

• Electric motor efficiencies are 
normally quoted at 80-95%. 

 

• The range is relatively wide and 
there could be significant 
differences between alternative 
designs. 

 

• There are standards for energy 
efficient motors. 

 

• This diagram shows the electric 
motor rating scheme based on 
European standards. 
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Lighting system 

• Energy saving lamps. 

 

• Occupancy sensors (public areas). 

 

• Cabin card operated electric switches. 

 

• Advanced lighting controls (cruise ships). 
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Economic assessment of technologies 
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What about cost-effectiveness of technologies? 

• Marginal Abatement Cost Curves (MACC) are used to show potential CO2 
reduction of each technology and associated costs/benefits. 

 

• MACC shows the reduction potential (tonne/year) and abatement cost 
($spent/tonne CO2 reduction) on one diagram. 

 

• A large number of MACC has been produced by various organisations. 

 

• Cost-effectiveness of technologies are measured by pay-back periods or NPV (Net 
Present Value). 

 

• In general, we need a MACC for each ship type and size to be able to identify best 
methods of CO2 reductions. 
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NYK Super Eco Ship 2030 

• State of the art future technologies. 

• Optimized hull and propellers. 

• Lightweight material. 

• Extensive use of solar and wind 
power. 

• Change from diesel to fuel cell. 

• Hybrid-electric propulsion 

• Battery energy storage system. 

• Full hybrid system. 

• LNG as fuel. 

 

 

A long term solution 
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NYK Super Eco Ship 2030 
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Summary and conclusions 

• Selected energy efficient technologies were reviewed and discussed. 
 

• Future ships, because of EEDI, will have: 

• A better naval architecture characteristics. 

• More optimal hull and propeller designs. 

• More energy efficient engines. 

• Move to low carbon fuels such as LNG 

• Reduced design speeds in particular container ships. 

• More electrification and hybrid systems. 
 

• As a result of the above, ship technologies will become more complex and ship 
building cost will increase.  
 

• However, ships total lifecycle cost and environmental impacts will reduce. 
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I Overview on Objectives 

 Reduction of RMI‘s GHG-Emissions from domestic sea transport 

 

 Two phase approach: 

1 Assessment of emissions, logistics and economics of 
domestic fleet operations 

2 Development of options for low-carbon-propulsion 
technologies 

 for inter-atoll and inside-lagoon sea transport 

 

 Policy Support to the RMI Government: strengthening, i.e. the 
High Ambition Coalition (HAC) for UNFCCC negotiations/IMO 
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II Time Frame 

 

 

 

Baseline 
Identify 
Options 

 

 

 

Assess 
Options 

Decision 

 

 

 

Refit/  
Build 

Monitoring 

 

 

 

Evaluation Upscaling 

06/2017      2019 

2019 2020 2022 
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 III Baseline Data 
 

Why do we need baseline data? 
 

• Compare situation now with situation in 
future  

 
• Evaluate success of project in 2022 
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Scope of baseline study 
 

 
 
 

RMI Transport Sector 
RMI Sea Transport 
Sector 

MISC Ships 

Other domestic 
operating ships 

Road Transportation 

Aviation 

International Shipping ? 
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Category 
Motor Vessel 

Aemman Kwajalein Majuro Ribuuk Ae 

Year of Delivery 2005 2013 2013 1996 

Type General Cargo-Pax. General Cargo-Pax. Landing Craft-Pax. General Cargo-Pax. 

Gross tonnage 534 583 416 175 

Net tonnage 161 194 125 NA 

Lengths overall [m] 48.55 49.85 44.09 31.1 

Breadth [m] 8.5 9 10.8 7.7 

Draught [m] 3.2 3.21 2.1 3.6 

Main Engine 
1 x Yanmar Co. Ltd., 6N18A-

DV: MCO 441kW x 900min-1 

1 x Yanmar Co. Ltd., 

6RY17W: 478 kW x 

1500min-1 

2 x Yanmar Co. Ltd., 6RY17W: 

478kW x 1500min-1 

2 x Cummins Inc., KT19-

M: 317kW x 1800min-1 

Auxiliary Engine 

1 x Yanmar Co. Ltd., 6CHL-TN, 

73.6kW x 1800min-1, 1 x A-

6BG1: 68.4kW x 1800min-1 

2 x Yanmar Co. Ltd., 

4HAL2-TN1: 116kW x 

1800min-1 

2 x Yanmar Co. Ltd., 4HAL2-

TN1: 116kW x 1800min-1 

2 x Cummins Inc., 

DR1462-RX: 112kW x 

2200min-1 

Cargo Hold Volume [m3] 799.37 804.08 91.22 279 

avg. Pax. per Trip 77 (Out), 63 (In) 78 (Out), 63 (In) 30 (Out), 31 (In) 23 (Out), 55 (In) 

avg. Cargo per Trip 163.7t 109.1t 22.7t 39.7t 

avg. Copra/Trip 145.4t 89.3t 3.9t 60.2t 

obs. F.O. Cons., ME (t/d) [kg/h] 

{avg. RPMME, obs.} 

2.05 [85.3] 

{650min-1} 

1.78 [74.1] 

{1330min-1} 

3.10 [129.3] 

{1300min-1} 

0.8 [33.2] 

{PS: 900min-1, Stb.:1350min-

1} 

obs. F.O. Cons., AE (t/d) [kg/h] 0.19 [8.0] 0.25 [10.6] 0.18 [7.5] 0.31 [12.9] 

obs. Speed, underway 8-9kt 9-10kt 9-10.5kt 6-7kt 
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   Draft 01 by Alexander Beetz, August 3, 2017 

Marshall Islands Shipping Corporation 
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Marshall Islands Shipping Corporation 
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Marshall Islands Shipping Corporation 
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Marshall Islands Shipping Corporation 
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Voyages per Year per Ship 
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Islet-Calls per Year 
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Overview Sectors within RMI 
 



Seite 17 

Distribution of Operation per Sector 
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Distance travelled 2016 and 2017 
 

3,550 

5,890 

10,690 

5,403 

9,830 

13,603 

15,772 

3,589 

0

4000

8000

12000

16000

MV Aemman MV Kwajalein MV Majuro MV Ribuuk AE

D
is

ta
n

ce
 [

N
m

] 

Vessel 

2016 2017



Seite 19 

Mean Mileage per Sector for a 
Roundtrip 
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Amount of General Cargo Carried 
by MISC-Fleet 
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Amount of Copra carried by MISC-
Fleet  
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Amount of Copra per Sector in 
Percent and total Values 
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Total Amount Passengers per Year 
by Mean Values FY2016, 2017 
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Passenger Appearance on the Course of One Year by 
Mean Values FY2016, 2017 
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Time Distribution Out-/Inbound Leg 
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Fuel Consumption by FY 2016/2017 
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Key Performance Indicators 
 

- Fuel per Mileage: kg fuel / Nautical Mile 

- Energy Efficiency Design Index: EEDI 

- Energy Efficiency Operational Index: EEOI 
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Fuel per Mileage: kg fuel / Nautical Mile 
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Energy Efficiency Operational Index 
 
 𝐸𝐸𝑂𝐼 = 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑊𝑜𝑟𝑘 =  𝐴𝑚𝑜𝑢𝑛𝑡 𝐹𝑢𝑒𝑙 ∙ 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑣𝑒𝑟𝑠.  𝐹𝑎𝑐𝑡𝑜𝑟𝐶𝑎𝑟𝑔𝑜 ∙ 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒   

 𝑔𝐶𝑂2𝑡 ∙ 𝑁𝑚  
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Energy Efficiency Operational Index 
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Energy Efficiency Operational Index 
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Carbon Dioxide Emissions by MISC Ships 
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CO2 Output Distribution based on Mean Values 
For a Field Trip 
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CO2 Reduction acc. NDCs for RMI in Total 
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Major Expenses MISC 
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“Other” Expenses MISC 
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Income Sources MISC 
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Emissions in the Energy Sector 

Sector CO2 Output [t] Percentage of Total [%] 

Energy Industries (2000) 62,940 39.1 

Transport (2000) 15,920 9.9 

Other (Residential & 

Commercial) (2000) 

6,100 3.8 

International Bunkers (2000) 73,520 45.8 

MISC-fleet, total (FY2017) 2,252 1.4 

  160,732 100 
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IV Concepts for CO2 Reduction  

Operational and Management Approach 

Technological Approach 
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Operational and Management 
Approach 
• cargo operation 

• maintenance 

• routing 

• night time navigation 

• speed adjustment / reduction 

• Improved communication 
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Operational and Management 
Approach 

 
Future effective gains are highly dependent on improving 
operational and management practices: 
 

 Strengthen the management structures to give more emphasis to 
performance analysis and ship maintenance 

 Introduce performance monitoring 

 Carry out performance analysis 

 Look at a range of ship operating efficiency measures. 
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Technological Approach 

• hull coating / hull and propeller cleaning 

• renewable energies: Propulsion (direct thrust) or in 

Power Generation 

• routing, ship’s speed and automatic steering 

• engine tuning 
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Technological Approach 
Most promising 

measures 
Fuel 

Savings  
CO2 

reduction 
(t-CO2e) 

Cost 
savings 
(USD pa) 

Comment 

Improved turn 
around schedule in 
Majuro  

3.8% 103 t $232k May allow disposal of one 
ship 

Slow steaming 5% - 15% 300 t – 500 
t 

$100k Possibly already being 
practiced 

Hull and prop 
cleaning 

7% 200t $50k 

Engine tuning 1% 25t $6k 

Low-emission fuel - 135t -200t - 10% blend with diesel 

TOTAL ~ 900t ~ $400k 
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Example: Reduced Frictional Hull 
Resistance 

Savings of  
Ca. 70 kW for 
Maintaining the 
speed of 8.7 kt 
= ca. 15 kg Fuel 
per hour 
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Thank you ! 
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EEDI 

IMO EE 
Regulatory 
Framework 

MBMs 

EEOI 

SEEMP 

Ship owner 

/ operator 

Owners / 

charterers 

EEDI and SEEMP: Mandatory from 2013 

EEOI: Voluntary 

Data collection: Under discussion 

MBMs: Discussion currently suspended 

 

 

 

 

GHGE = greenhouse gas emission 

EEDI- Energy Efficiency Design Index 

EEOI- Energy Efficiency Operational Indicator 

MBM- Market Based Mechanism e.g. cap & trade 

SEEMP = Ship EE Management Plan 

Shipyard 

IMO framework for GHGEs control from ship 
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Source: IMO presentation on Technical measures 

EEDI, EEOI and SEEMP links 

FOC = fuel oil consumption 
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EEDI, EEOI and SEEMP processes 
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• EEDI is the single most important technical measure aimed at 

promoting the use of more energy efficient equipment and engines.  

• The EEDI provides a specific figure for an individual ship design, 

expressed in grams of carbon dioxide (CO2) per ship’s capacity-mile 

(the smaller the EEDI the more energy efficient ship design) and is 

calculated by a formula based on the technical design parameters for a 

given ship. 

• The EEDI is calculated for:  

• each new ship;  

• each new ship which has undergone a major conversion; and  

• each new or existing ship which has undergone so extensive 

major conversion, that it is regarded by the Administration as a 

newly constructed ship  

 

What is EEDI? 
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2014 Guidelines on the method of calculation of the attained EEDI for new 
ships, as amended (Resolutions MEPC.245(66) and MEPC.263(68)) 

Guidelines on the Calculation of the Attained EEDI 
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EEDI Calculation - content 

Attained EEDI formula 

Main parameters 

Reference speed and power 

Correction factors 

 EEDI Technical File 

 Summary 
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Attained EEDI formula 
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Attained EEDI: Formula (Clause 2) 

• EEDI (gCO2/tonne.mile) = 

 

 

 
 

• Not applicable to a ship having diesel-electric propulsion, turbine propulsion and 

hybrid propulsion except for: 
 

• Cruise passenger ships; and  

• LNG carriers. 
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Attained EEDI: Calculation formula 

Main Engine(s)  
Aux 

Engine(s) 

Innovative Energy Eff. 

Power Gen.  

Technologies 

Innovative 

Energy Eff.  

Propulsion 

Technologies 

EEDI =  

[gCO2/(tonne.nm)] 

Annotation:  Boilers are excluded from EEDI 
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Scope of Attained EEDI 

(dashed red line) 
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Attained EEDI: Parameters 

Carbon factor Ship specific  

design factor 

Auxiliary power: 

PME >=10000kW： 

PAE＝0.025Me＋250 

PME < 10000kW： 

PAE＝0.05Me 

Corr. factor Wave factor 

Capacity: 

DWT: Bulk carriers, Containers, 

 Tankers, Gas carriers, cargo ships,etc. 

GT: Passenger Ship 

Shaft Motor Waste Heat Energy Saving 

Main power: 

PME=0.75MCR 

EEDI = 

Attained Speed 

[gCO2/(tonne.nm)] 

CF = conversion (carbon) factor 
DWT/GT = dead weight/gross tonne 
ME/AE = main/auxiliary engine 
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EEDI Condition 

• EEDI is calculated for a single operating condition of the ship. This will be 

referred to as EEDI Condition. 

 

The EEDI Condition is as follows: 

• Draft: (“deepest”) Summer load line draft. 
• Capacity: Deadweight (or gross tonnage for passenger 

ships) for the above draft (container ship will be 70% 

value). 

• Weather condition: Calm with no wind and no waves. 

• Propulsion shaft power: 75% of main engine MCR 

(conventional ships) with some amendments for shaft 

motor or shaft generator or shaft-limited power cases. 

• Reference speed (Vref ): is the ship speed under the 

above conditions. 
 

 MCR- Maximum Continuous Rating 
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Main Parameters 
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Capacity (Clause 2.3) 

• Deadweight for cargo ships: 

• Bulk carriers; 

• Tankers; 

• Gas tankers;  

• Ro-Ro cargo ships; 

• General cargo ships; 

• Refrigerated cargo carrier; and 

• Combination carriers. 

 

• 70% of deadweight for containerships. 

 

• Gross tonnage for passenger ships 

• Passenger ships; 

• Ro-Ro passenger ships; and 

• Cruise passenger ships. 
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Main (engine) power – PME  (options) 

 Power for propulsion 

 (PME) main engine 

 

 

 

 (PPTO) Shaft 

generator 

 PPTO(small) 

 

 

 

 Main engine (big) 

 

 PPTO(big) 

 

 
PTO-  

 

PME = 0.75 x MCRME 

MCRME 

PME = 0.75 x (MCRME - PPTO) 

PME = 0.75 x MCRLIMITED  

MCRME 

(MCRME - PPTO) 

MCRME 

MCRME 

MCRME 

PPTO 

PPTO 
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Main engine power (options) 

 Power for propulsion – PPTI shaft motor 

 
☞  0.75 x PPTI   are accounted  

PPTI 

(ηPTI) 

PPTI(i), shaft 
Aux. 

Engine 

Gen. Set 

(ηGen) 

  GeniPTIiPTIshaftiPTI PP  )(
)()(),(

 Measurement of Vref (main engine + shaft motor) 

MCRME 
i.  PME + PPTI 

PPTI 

Aux. 

Engine 

Gen. Set 

ii. Limited Power 

  Total propulsion power = 

    0.75 x (Limited Power)  

PTI-  
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Reference speed - Vref (Clause 2.2) 

• Measured under EEDI condition using the following propulsion shaft power: 
 

• In cases with “no shaft motor” at shaft power equal to: 0.75 𝑃𝑀𝐸(𝑖) 
 

 

• In case of shaft motor, at shaft power equal to: 0.75  𝑃𝑀𝐸 𝑖 + 𝑃𝑃𝑇𝐼 𝑖 ,𝑆ℎ𝑎𝑓𝑡  

 

• 75% of Limited Power, where the total propulsion power is >75 % of the 

“propeller shaft power limited by verified technical means”. 
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Auxiliary (engine) power - PAE (Clause 2.5) 

• PAE is the required auxiliary engine power to supply normal maximum sea load 

ship’s (excluding cargo) requirements. 

• PAE excludes power for port or cargo, e.g. thrusters, cargo pumps, cargo gear, 

ballast pumps, cargo heating, reefers and cargo hold fans. 

• PAE is calculated as follows: 

 

 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Factors and Correction Factors 
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Factors in EEDI formula 

 

• cF is the conversion factor, transfers 

type of fuel burned into tons of CO2. 

 

• fw : Weather factor 

 

• feff(i) is the availability factor of each 

innovative energy efficiency technology. 

 

• Correction factors: There are a number 

of correction factors, 

including fi, fj, fc, etc. 
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cF (carbon conversion factor) [Clause2.1] 

• CF: conversion factor between fuel consumption and CO2 emission. 
(EEDI Calculation Guideline RESOLUTION MEPC.245(66)) 

 

• CF corresponds to the fuel used when determining SFC listed in the NOx 

Technical File (NTF part of Emissions International Air Pollution Prevention 

(EIAPP) Certificate). 

Type of fuel Reference 
Carbon  

content 

CF 

(t-CO2/t-Fuel) 

1.  Marine Diesel/Gas Oil (MDO/GO) ISO 8217 Grades DMX through DMB 0.8744 3.206 

2.  Light Fuel Oil (LFO) ISO 8217 Grades RMA through RMD 0.8594 3.151 

3.  Heavy Fuel Oil (HFO) ISO 8217 Grades RME through RMK 0.8493 3.114 

4.  Liquefied Petroleum Gas (LPG) Propane 0.8182 3.000 

Butane 0.8264 3.030 

5.  Liquefied Natural Gas (LNG) 0.7500 2.750 

6.  Methanol 0.3750 1.375 

7.  Ethanol 0.5217 1.913 
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Weather factor, fw 

• Weather factor indicating the decrease of speed due to representative sea 

conditions of wave height, wave frequency and wind speed (e.g. Beaufort Scale 6). 

 

• The methodology for determining the  

fw can be used by empirical tables / formulas.  

 

• If fw is applied, then a voluntary  

EEDIweather is assigned.  

(in addition to the “standard” EEDI) 
For the standard EEDI,  

fw is currently equal to 1.0. 
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Availability factor feff(i)  

 

 

• feff(i) is the availability factor of each innovative energy efficiency technology.  

 

• Guidelines for estimation of availability  

factor for wind power, solar power, etc.  

has been developed in the  

relevant Guidelines. 

 

• Currently availability factor of  

1.0 is used for waste heat recovery. 
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Correction factors: Why correction factors? 

• The reference line is applicable to a ship type (e.g. tankers) but does not 

distinguish the ship design differences within the subtypes. 
 

• Subtypes could be for example: 

• Ice-class tankers; 

• Product tankers; 

• Fruit juice tankers;  
 

• The same applies to other ship types. 

 

• To avoid discrimination for some of the ship sub-types,  

correction factors are introduced. 
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Correction factors 

• Power correction factor (fj): 

• Ice-classed ships (fj);  

• Shuttle tankers with propulsion redundancy (80,000~160,000 DWT) (fj); 

• Ro-Ro ships, all types (fjRoRo); and 

• General cargo ships.  
 

• Capacity factor (fi): 

• Ice-classed ships (fi); 

• Ship specific voluntary structural enhancement (fiVSE); and 

• Bulk carriers and oil tankers, built in accordance with Common Structural 

Rules (fiCSR). 
 

• Cubic capacity correction factor (fc): 

• Chemical tanker’s (fc); and 

• Gas carriers having direct diesel driven propulsion system (fcLNG). 

 

 
For details for each correction factor, refer to the Guidelines 
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Summary 

 

• Attained EEDI is calculated for “EEDI Condition” that represents: 
 

• Capacity at summer load line draft; and  

• Ship speed at  75% of main shaft power MCR  
under the above capacity. 

 

• Required engine data (SFOC) are derived  
from engine NOx Technical File. 

 

• A large number of “correction factors”  
are included in the formula. 

 

• Method of calculation of correction factors  
are defined within the Guidelines. 
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2014 Guidelines on survey and certification on the EEDI, as amended 

(Resolutions MEPC.254(67) and MEPC.261(68)) 

Guidelines on Survey and Verification of EEDI 
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Verification stages (Clause 4.1) 

• Survey and certification of the EEDI should be conducted on two stages: 

 

• Preliminary verification  

at the design stage;  

 

and 

 

• Final verification  

at the sea trial. 
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Verification process (Clause 4.1) 
P
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Basics Correction for Sea conditions  
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Guidelines on Innovative EE Technologies 

MEPC.1/Circ.815: 2013 Guidance on treatment of innovative energy efficiency 
technologies for calculation and verification of the attained EEDI for ships in 
adverse conditions. 
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Technologies covered so far 

Hull Air Lubrication Waste Heat Recovery 

Solar Electricity Wind Power 
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Categories of Innovative EE Technologies 

Three categories: A, B and C 
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Categories of Innovative EE Technologies 

Details on how to deal with the above technologies for EEDI calculations are 

given in the Guidelines. 
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Technologies for EEDI reduction 
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Summary on EEDI 

• EEDI verification is performed in two stages: 
 

• Preliminary verification at design stage 

• Final verification at commissioning sea trials. 

 

• Pre-verification is based on model tank test results. 

 

• Final verification is based on actual speed trial results. 

 

• Verifier is required to witness both tank test and sea trials. 

 

• Development of speed power curve for EEDI Condition involves use of tank test 

data, speed trial data, proprietary tank test facility and ship yard data + use of 

ISO standard for correction. 

 

• EEDI Technical File should be developed as part of the process. 
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The Global MTCC Network (GMN) project is funded by 

the European Union and is implemented by IMO 

THANK YOU 
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Management Plan(SEEMP) 
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What is SEEMP? 

The Ship Energy Efficiency Management Plan (SEEMP) is an 
operational measure that establishes a mechanism to improve the 
energy efficiency of a ship in a cost-effective manner. 

 

SEEMP purpose (Clause 3.2): 

• The purpose of a SEEMP is to establish a mechanism for a 
company and/or a ship to improve the energy efficiency of a 
ship's operation.  

 

A SEEMP provides: 

• A possible approach for improving ship and fleet efficiency 
performance over time e.g. EEOI 

• Some options to be considered for optimizing the performance of 
the ship. 
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SEEMP 
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SEEMP for ship and company 

• SEEMP is intended to be a management tool. 
 

• The SEEMP should be developed as a ship-specific plan by the company. 
 

• … SEEMP should be adjusted to the characteristics and needs of 
individual companies and ships.  

 

• … it is recommended that … the SEEMP is developed in a manner which 
limits any on-board administrative burden to the minimum necessary. 

 

• …it is recommended that a company also establishing an “energy 
management plan” to improve fleet energy performance and 
stakeholders’ coordination (Clause 4.1). 
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SEEMP framework 

• SEEMP works through four 
steps: 

• Planning, 

• Implementation 

• Monitoring, and 

• Self-evaluation  

 

• These components play a critical 
role in the continuous cycle to 
improve ship energy 
management.  
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SEEMP framework 



Planning - Importance  
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• Planning is the most crucial 
stage of the SEEMP. 

 

• It primarily determines both the 
current status of ship energy 
usage and the expected 
improvements.  

 

• Therefore, it is encouraged to 
devote sufficient time to 
planning. 



Planning – Ident. of ship-specific measures 

Recognizing that: 

• There are a variety of options to improve efficiency. 

• That the best measures differs to a great extent for 
ship type, cargoes, routes and other factors,  

• The specific measures for the ship to improve 
energy efficiency should be identified in the first 
place.  

• After identification of the EEMs (Energy Efficiency 
Measures), they should be listed as a package for 
implementation. 
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Planning – Company-specific measures 

• Improvement of energy efficiency of a ship does not necessarily 
depend on ship management only. A number of stakeholders 
are involved. 

• More coordination between stakeholders is more rewarding … 
• Company should do the coordination rather than the ship. 
• … a “company energy management plan” is recommended to 

manage the fleet and make stakeholders’ coordination. 
The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Ship Energy 

Management 

Stakeholders 

Ports 

Shipyard 

Ship Owner 

Ship operator 

Ship Charterer 

Cargo Owner 



Human resources development 

• Raising awareness and providing necessary training 
for personnel both on-shore and on-board are 
important elements. 

• Such human resource development is encouraged 
and should be considered as an important 
component of planning as well as a critical element 
of implementation. 
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Planning - Goal setting 

• Goal setting is part of planning. 

• Goal settings are voluntary and there is no need for 
announcement to public nor are they subject to 
external inspection. 

• Purpose of goal setting is to increase  
commitment to improving energy efficiency. 

• The goal can take any form: 

• Annual fuel consumption 

• EEOI targets 

• The goal should be measurable and  
easy to understand. 
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Implementation – Estab. of implementation system 

• A system for implementation of the selected measures by 
developing the procedures, tasks and responsibilities ... 

•   

• The SEEMP should describe how each measure should be 
implemented and who the responsible person(s) is.  

 

• The implementation period (start and end dates) of each 
selected measure should be indicated.  

 

• The development of such a system can be considered as a 
part of planning, and therefore may be completed at the 
planning stage. 
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Implementation – Record keeping  

• The planned measures should be implemented in 
accordance with the predetermined implementation 
system.  

 

• Record-keeping for the implementation of each 
measure is beneficial for self-evaluation and should be 
encouraged.  

 

• If any identified measure cannot be implemented for 
any reason(s), the reason(s) should be recorded for 
internal use. 
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Monitoring tools  

• Consistent data collection is the foundation of 
monitoring. 

 

• The monitoring system, including the procedures for 
collecting data and the assignment of responsible 
personnel, should be developed.  

 

• The development of such a system can be considered 
as a part of planning, and therefore should be 
completed at the planning stage. 

 

• …to avoid … burdens on ships' staff, monitoring should 
be carried out as far as possible by shore staff, … 
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Self-evaluation and improvements  

• Self-evaluation and improvement is the final phase of 
the management cycle. 

• This phase should produce meaningful feedback for 
the next improvement cycle. 

• The purpose of self-evaluation is to evaluate the 
effectiveness of the planned measures and of their 
implementation. 

• For this process, procedures for self-evaluation of 
ship energy management should be developed.  

• Furthermore, self-evaluation should be implemented 
periodically by using data collected through 
monitoring. 
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Data Collection Template 
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A proposed format is 

included in the 

Guideline 



Summary on SEEMP Guidelines 

• SEEMP framework is based on Plan-Do-Check-Act continuous 
improvement cycle. 

 

• When developing SEEMP, all the above elements needs to be 
defined at the planning phase. 

 

• At its core, SEEMP has a number of EEMs together with their: 

• Implementation methods 

• Monitoring and checking 

• Self assessment 

• Roles and responsibility 

• Processes and procedures. 
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Energy Eff. Operational Indicator (EEOI) 

• These Guidelines can be used to establish a consistent approach for voluntary 
use of an EEOI. 

 

• It will assist ship-owners/operator… in the evaluation of the performance of 
their fleet with regard to CO2 emissions. 

• These Guidelines present the concept of an indicator for the energy efficiency of 
a ship, …….. 
 

• The Guidelines are intended to provide an example of a calculation method 
………….. for monitoring the efficiency of a ship’s operation. 
 

• These Guidelines are recommendatory in nature and present a possible use of 
an operational indicator.  

 

• Shipowners …. are invited to implement either these Guidelines or an 
equivalent method in their environmental management systems. 
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EEOI Formula 
 

• j is the fuel type 

 

• i is the voyage number; 

 

• FCij  is the mass of consumed fuel j at voyage I                                                  (FC is 
defined as all fuel consumed at sea and in port or for a voyage or period in question, by main and auxiliary 
engines including boilers and incinerators) 

 

• CFj is the fuel mass to CO2 mass conversion factor for fuel j 

 

• mcargo is cargo mass (tonnes) or work done (number of TEU , passengers, etc.) 
depending on ship type. 

 

• D is the distance sailed in nautical miles corresponding to the cargo carried or work 
done 

 

Voyage generally means the period between a departure from a port to departure from next port.                                         
For cargo ships (dry, wet, etc.): Metric tonnes (t) of the cargo carried.                                                                          
For containerships (carrying solely containers): Number of containers (TEU) or metric tons (t) of the total mass 
of cargo and containers. Ships carrying a combination of containers and other cargoes: A TEU mass of 10 t could 
be applied for loaded TEUs and 2 t for empty TEUs.                                                                                                         
For passenger ships, including Ro-Ro passenger ships: Number of passengers or gross tonnes of the ship. 
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Establishing EEOI 

• Main steps for establishing an EEOI are: 

 

• Define the period for which EEOI is calculated (or the voyage) 

• Define data sources for data collection 

• Collect data 

• Calculate EEOI 

 

• Port operation and ballast voyages, as well as voyages which are 
not used for transport of cargo, such as voyage for docking 
service, should also be included 

 

• Voyages for the purpose of securing the safety of a ship or saving 
life at sea should be excluded. 
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Calculating EEOI 

• Data sources 

• Bridge log-book 

• Engine log-book 

• Deck log-book 

• Other official records 

• EEOI is normally calculated for one voyage. 

• Average EEOI for a number of voyages can be carried out. 

• Rolling average, when used, can be calculated in a suitable time 
period, e.g.: 

• One year or  

• Number of voyages, e.g. 10 voyages, which are agreed as 
statistically relevant to the initial averaging period 
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Calc. of the EEOI – Data sheet template 
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• Example (includes a single ballast voyage) 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Unit: tonnes CO2/(tons x nautical miles) 

 

Calculation of the EEOI (example) 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Calculation of the EEOI (example) 



SEEMP Related Measures 



Aspects to be considered for ship Operations 
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Ship energy efficiency operational measures 

Just-in-time 

Trim/ballast optimization 

System planning and reduced demand 

Hull and engine conditions 
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Operational measures 
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Ship energy efficiency operational measures (SEEOM) 

Operation management: 

• Speed reduction / slow steaming 

• Optimum trim/draft 

• Voyage/itinerary optimization 

• Weather routing 
 

Maintenance and condition monitoring 

• Hull condition and cleaning 

• Propeller cleaning/polishing/balancing 

• Engine condition and tuning 

• Steam plant improvements 
 

Auxiliary load management 

• Reduction of electrical load 

• Load and utilization management 
 

Training of crew and staff 
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SEEOMs – Cost effectiveness 

Marginal Abatement Cost Curve (MACC) 
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Just-in-time operation 
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Just in Time 

• Just in Time (JIT) concept: Where is the idea from?  
 

• JIT in shipping: Operation management to avoid unnecessary waiting and idle 
periods of ship operations in all phases of a voyage or modes of operation: 

• at sea operation  

• at port operation 

 

Good and early communications with next port: 

Up to date with berth availability 

Facilitate the use of optimum speed. 

Good and early communications between fleet department, master and 
charterer. 

Improve cargo handling operation and avoid delays.  
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Why ship’s waiting / inactivity? 

Domestic ships’ movement is influenced by many factors such as: 
 

• Requirements of “cargo owner”: When/where cargo should be loaded/discharged.  
 

• Slotting issue in ports: Berth availability / cargo space availability. 
 

• Regulatory issues that may lead to: 

• Prevention of entry to port. 

• Detention for some periods of time 
 

• Technical failures that leads to loss of ship availability. 
 

• Lack of business (cargo). 
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Just in Time/Virtual Arrival 

• Virtual arrival: Is a specific form 
/name for Just In Time. 

• Virtual arrival aim: Reduce 
waiting times / achieve longer 
passage time thus reduced 
ship’s voyage average speed.  

• A significant level of energy 
saving is expected with virtual 
arrival. 

• A significant reduction in port-
area emissions. 
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Just in Time/Virtual Arrival – JiT/VA Processes 

Step 1 - Identification of 

change in itinerary: For 
example to identify a delay at 
the next port of destination. 

 

Step 2 - Agreement to new 

itinerary: Parties involved 
agree to a change in ship’s 
itinerary. 

 

Step 3 - Speed adjustment: As 
a result of the newly agreed 
itinerary, the ship’s speed or the 
engine RPM is reduced. 
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Itinerary & voyage management – Main players? 

• Improvements to ship itinerary requires efforts by all parties involved: 

• Charterer (operation department): On time decision making on ship itinerary 
and overall steaming speed. 

• Ship master: On-time operation of the ship, within the terms of charter party. 

• Port authorities: On time berth availability / loading / unloading / etc. 

• Interaction between above parties that leads to actual (achieved) ship itinerary.  
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Just in Time and Virtual Arrival – Benefits 

• Fuel saving and CO2 reduction and cost reductions are the main benefits. 

 

• Other benefits include: 

• Other emissions reductions 

• Releasing ship for other activities 

• The improved planning of in-port activities 

 

• Port benefits: Reduced port congestion, less emissions, reduced noise and 
enhanced safety.  
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Weather routing 
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Weather Routing – Why?  

• Ship safety by avoiding extreme adverse sea conditions 

 

• Save fuel and possibly reduce the voyage duration: 

• Avoid head winds and currents, if possible 

• Adjust speed according to water depth 

 

• Mainly effective for long ocean passages where alternative routes exist. 

 

• Mainly effective for short sea shipping with variable water depth operation. 
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Weather Routing –  

Impact of water depth and wind on fuel consumption 

Ship Speed Water Depth Increase (%) 

10 15 3 

10 100 0 

17 15 10 

17 100 0 

20 15 20 

20 100 0 

wd Type Increase (%) 

315-360, 0-45 
Head wind 

4 

45-135, 225-
315 

Side wind 2 

135-225 Tail wind 1 

Fuel consumption increase (%) for different water depths and ship speeds 

Approximate relation between wind direction and increased fuel oil consumption for 
each unit of Beaufort. 
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Maneuvering and course control 

• Generally, ship maneuvers can be divided into routine 
maneuvering and maneuvering in safety-critical and 
emergency situations. 

 

• Routine maneuvering in open seas covers ship-
handling under normal conditions.  

 

• Maneuvering in coastal areas, at entrances to ports 
and in harbor basins, etc.  

 

• Maneuvering is always connected to fuel saving and 
energy efficiency. 

 

• The more the maneuvering, the higher the fuel 
consumption.  
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Trim optimization 
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Trim Optimisation – Physics of trim 

• The large dependencies of ship performance on the trim is because trim causes: 

• Changes to wave resistance 

• Changes to wetted surfaces (thus frictional resistance). 

• Changes to form resistance due to transom submergence 

 

• Changes to various propulsion coefficients including: 

• Resistance coefficients 

• Thrust deduction 

• Wake fraction 

 

• Changes to propulsive efficiencies including: 

• Relative rotative efficiency. 

• Propeller efficiency 
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Trim Optimisation – Impact of trim 

Source: Lloyd’s Register 

• Trim impact depends on ship 
speed and draft. 

 

• The impact of trim either is 
measured by model test or 
calculated using CFD. 

 

• Guidance table for trim is 
normally prepared for ship-
board use. 

 

• As indicated impact of trim 
could be significant. 
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Trim Optimisation – Operation best practice  

• Currently, the great majority of industry include even keel operation (zero trim) is 
the normal practice. 
 

• This generally may represent the optimal trim for ships with high block coefficients 
and non-pronounced bulbous bow (e.g. tankers).  
 

• In ships with slimmer body and higher speed, the impact of trim on performance 
could be significant. 
 

• In use of trim optimization, the following ship types would be given higher 
considerations: 

• Container ships 

• RoRo cargo and passenger ships 

• RoRo car carriers 
 

• Effective use of the loading computers capabilities is important for safe trimming of 
the vessel. 



Trim Optimisation – Operation best practice  

• Trim influences ship fuel consumption significantly, with evidence showing 
up to 4% savings. 

• Trim impact is via changes to ship hydrodynamics and resistances. 

• For every ship, there is a range of optimal trim;  

• The optimum trim is a function of ship speed and draft. 

• For certain ship types in particular those with higher speeds, slimmer body, 
pronounced bulbous bow and flat stern, trim will have more impact. 

• Optimal trim are established either through extensive model testing or CFD 
analytical methods. 

• To achieve optimal trim, due consideration should be given to ship loading 
and its load planning. 

• Ballast water and to some extent bunker fuel may be used to trim the vessel. 
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Ballast water optimization 
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Ballast Water Optimization 
Why ballast water? 

• Ballast water is essential to control trim, list, 
draught, stability and stresses of the ship.  

Ballast water regulations? 

• Ballast water activities on board ship is 
heavily regulated. 

• The regulations mainly relate to prevention 
of specifics from their natural habitats to 
other ports. 

 Ballast water operations? 

• Ballast water exchange 

• Loading ballast water 

• Discharging ballast water 
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How ballast water impacts energy efficiency? 

In a number of ways: 

 
• Amount of ballast water: Changes ship displacement, thus wetted surfaces and 

ship resistance.  
 

• Generally, the more ballast water or ballast sediments are carried around, the 
bigger will be ship displacement and more energy consumption is expected. 

  
• Change in ship trim: Trim optimisation via effective use of ballast water could 

lead to gains in energy efficiency. 
 

• Ballast exchange process: Energy is used for exchange of ballast. Therefore 
process optimisation could lead to reduction of energy use. 
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Ballast Water Optimization – Energy efficiency methods 

• Carrying less ballast water:  

• For energy efficiency, it is generally desirable to carry less ballast. 

• Of course this should not contravene any of the regulations and compromise ship safety. 

• Also, this should not cause non-optimal trim. 

 

• Efficient ballast management operations: This means performing ballast exchange or 
ballasting and de-ballasting in a way that is more energy efficient. For example: 

• Gravity assisted ballast exchange is preferred to simple pumping in/out processes. 

 

• Sequential ballast exchange is more energy efficient than flow-through method as less water 
needs to be displaced. 

 

• Trim optimisation: Ballast should be used effectively to adjust the ship optimum trim 

 

• Sediment removal: Sediment removal leads to better cargo capacity and energy efficiency. 
Sequential method: In this method the ballast tanks are emptied until the ballast pumps lose suction and then the tanks are further 
stripped by eductor systems. This is followed by taking fresh ballast into the tank.  

Flow through method: In this method water in pumped into the tank and to allow it to overflow through the air vent or dedicated 
overflow vents. Three times the volume of the tank is to be pumped through to get a 95 percent efficiency of exchange.             
Dilution Method: In this method the tank has two openings; water is pumped in from one opening and flows out through the other. 
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Hull coating and maintenance 
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Hull Coating 

• For lower speed ships skin friction resistance 
dominates; 
 

• For a very large crude carrier (VLCC) at full 
load condition 90% of resistance is from hull 
friction; 
 

• Strategy: Reducing hull friction resistance. 
 

• There are advanced hull coating that may be 
used for this purpose. 

 

• Application of advanced coatings will be more 
expensive but return in terms of saving could 
be high. 
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Hull monitoring and cleaning 

• Hull fouling takes place over time. 
 

• Rate of fouling depends on various factors: 

• Ship operation regions 

• Speed and operation profile 

• Hull coating and hull surfaces 
 

• Net result: significant increase in fuel 
consumption. 
 

• Use of proper hull monitoring analysis 
system and cleaning could support the 
reduced fuel consumption. 
 

• A lot of service providers perform hull 
performance monitoring. 

Propulsive power versus speed
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Ship / Engine Performance Monitoring 

• Recording of relevant data and 
ensuring data quality 

• Present performance trends over 
time 

• Compare with relevant benchmarks 

• Help ships to be operated at their 
most efficient points 



Evidence of impact of hull condition 

There are ample evidence showing the significant impact of hull condition on fuel oil 
consumption 
 



Main factors that influence hull fouling rates 

• Initial roughness of the hull 

• Quality of hull coating  

• Robustness of the coating with respect to mechanical damage 

• The areas of the hull where there is sunlight  

• Sea water temperature 

• The salinity of the water (performance of coating will be a function of 
salinity of water) 

• Amount of algae in the water 

• Ship speed and its operation profile 

• Hull maintenance 



Main types of hull coatings 

• Controlled Depletion Polymer (CDP) – A traditional antifouling: 
• Based on water soluble natural or synthetic pine rosin mixed with a 

biocide.  
• Typical life: 3 years. 
• The average hull roughness increase: 40 μm per year. 

 

• Self-Polishing Copolymer (SPC) 

• An insoluble metallic or organic synthetic polymer that contains a 
biocide. No ship movement is required for self polishing.  

• Typical life: Five years for high quality systems 
• Average hull roughness increase: 20 μm per year. 

 

•  Foul-release Coating 

• A biocide-free coating with non-stick properties to control fouling.  
• Full release of all fouling due to ship speed is a challenge in some 

cases. Also, mechanical damage is especially critical 
• Average hull roughness increase: 5 μm per year, limited data. 



Hull cleaning 

• Regular in-service cleaning is beneficial if damage to coating is 
avoided. 

• For partial cleaning, the priorities: 

• Forward third of hull. 
• Remainder of hull working from forward to aft with emphasis on 

areas which have more exposure to light. 

• Regular cleaning of macro-fouling is highly recommended. 

• For best results, the scheduling of cleaning should be based either 
on performance monitoring or on regular under-water inspections.  

• Regular inspection, photographs and roughness measurements 
would be a prudent way to monitor the impact of cleaning and the 
condition of the coating. 

 



Other aspects for hull cleaning 

 Regulatory Guidelines: IMO MEPC.207(62) resolution on 
“Guidelines for the Control and Management of Ships’ Biofouling to 
Minimize the Transfer of Invasive Aquatic Species”. This asks for a 
Bio-fouling Management Plan (BfMP) and a Bio-fouling Record 
Book (BfRB) to be on-board. This may limit the locational scope for 
cleaning of the hull. 

 Area of operation: Anti-foul hull coatings are generally designed for 
salt water and area of operation will have impacts on choice of 
coating. 

 Hull cathodic protection system: The installation of a hull cathodic 
protection system should could reduce the corrosion of the hull.  

 Lay-up: If a ship has been in lay up in a high fouling area for a long 
time it may need to be taken to dry dock to be cleaned before it can 
be put into service.  

 



Propeller aspects 

• Similar to the hull surface, propellers suffer degradation in 
performance due to surface roughness.   

• Polishing will mainly reduce the frictional losses of the propeller but 
will in many cases also reduce the rotational losses. 

• Corrosion and cavitation erosion and impingement attack can cause 
roughness. 

• Improper maintenance can also increase roughness. 

• It has been estimated that polishing a roughened propeller surface 
may result in a decrease in fuel consumption of up to 3%.  

• Divers can clean a 5 bladed and 10 m diameter propeller in about 3-
4 hours for a cost of about US $3,000 in the Far East (Europe is 
more expensive). What is cost of getting propeller clean in Pacific? 

 



Condition based hull and propeller cleaning 
• Major questions: 

• What/When are the optimal timings for hull and propeller 
cleaning? 

• What is the best routine for cleaning whilst safeguarding the 
existing paint system. 

• What is the time and cost to apply a new coating and which 
one? 

• Condition-based hull and propeller maintenance tries to give an 
answer for bullet 1. This can be done in two ways:  

• Measure/observe actual hull and propeller roughness/fouling 
and compare with baseline values that indicate when cleaning 
should be done. Use of divers. 

• Use performance analysis packages that track changes in fuel 
consumption, shaft power and main engine power to identify 
degrading surface conditions.  
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Fuel Management 
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Typical fuel oil system  

• Storage tanks 

• Transfer pumps 

• Settling tank 

• Purifiers 
(centrifuge) 

• Service tanks 

• Flow meter 

• Heaters 

• Viscosity 
regulator 

Typical fuel oil system for a cargo ship [Source: 

http://www.machineryspaces.com/fuel-oil-treatment.html] 
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Fuel management aspects 

• Fuel quality has significant impact on engines’ and boilers reliability 
and performance.  

• The limits for fuel quality parameter as set out in International marine 
fuel standard, ISO 8217. 

• The standard specifications are based on the understanding that the 
fuel will be treated on-board. 

• Fuel management relates to: 

• Bunkering 

• Storage 

• Transfer and treatment 

• Combustion 

• Etc. 

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Fuel bunkering main activities 

• Handling: Safe handling and pollution prevention 

• Quantity: Correct measurements before, during and after bunker 
operations,  

• Storage of delivered fuel: Use of correct storage tanks (to avoid 
mixing of incompatible fuels)  

• Samples: Collection of representative samples for regulatory 
purposes 

• Quality: Analysis of fully representative samples as first line of 
defence against poor quality fuels.  
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Fuel quality and quantity assurance 

Importance of knowing your fuel helps with: 

• Appropriate ship-board storage, handling, treatment and 
combustion. 

• The use of fuel in a most safe and efficient way.   

• Compliance to environmental regulations. 

• Maximise combustion performance. 

• Reduce commercial, technical and operational risks associated with 
using varying quality fuels. 

• Appropriate actions are taken to avoid any adverse effects and 
mitigating disputes. 
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Fuel storage and transfer 

Avoid co-mingling: 

• Do not mix different batches 
of fuels to the extent possible. 

• Incompatibility is the most 
common problem with the 
bunker fuel mixing that leads 
to clogged filters, engine 
damage, etc. 

 

Clogged fuel pipes due to poor quality of fuel 
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Bunker quantity measurement 

• Manual gauging of all the fuel tanks before and after bunkers 

• Ship-board fuel inventory analysis: 

• This is normally done through tank sounding and is currently 
the most widely used practice. 

• Use of the mass flow meters: 

• Based on the performance of the available technologies.  

• A number of options are available (volumetric, Coriolis, 
ultrasound).  

• All require varied degrees of correction for fuel density and 
temperature. 
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Fuel treatment - Settling tank 

• The role of settling tank is to separate heavy residues and water from the 
fuel through the natural settling process.  

• To provide best performance: 

• Settling tank temperature should normally be maintained between 60-
70oC for HFO. 

• Transfer of fuel to the settling tank for top up to be in small quantities at 
frequent intervals not to cause major change in temperature or settling 
disturbances. 

• Drain off water and sludge at the settling tank bottom drains at regular 
intervals. Frequent / low volume is the most effective way of removing 
settled contaminants. 

• It is always preferable to use the lower blow-down outlet to minimise 
the space available for sludge accumulation and give early warning of 
contamination issues. 
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Fuel treatment - Purification 

• Centrifugal separators are used to separate 
sludge, water, cat fines, etc. 

• The efficiency of a centrifugal separator is 
affected by: 

• Composition of the fuel 

• Quantity of fuel 

• Temperature of fuel 

• Cleanliness of the separator and its general 
working conditions. 

• For good purifier performance: 

• Operate purifiers in an optimum manner. 

• Make sure purification system and its disks 
are correctly working. 
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Fuel treatment – Viscosity control 

• For use of fuels in engines, an optimal injection viscosity is required, at the 
engine inlet. 

• This is achieved via fuel correct temperature control.  

• Incorrect injection viscosity results in poor atomisation which affects the 
engine efficiency by which the fuel is burnt.    

 

 

Fuel steam heating for viscosity control 

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Fuel additives 

• Additives could provide benefits for marine fuels mainly in areas: 

• Improvement of fuel combustion 

• Reduction of particulate matter and visible smoke. 

• Overcoming soot build-up in the exhaust system 

• Economiser improvements via keeping them clean, foul free with a 
reduction in risk of fire. 

• Reduction and inhibition of deposit build-up on piston rings, injector 
nozzles and valves. 

• Reduction and prevention of cylinder liner lacquering build-up. 

• Protection against fuel pump and injector needle seizures 
The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 
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Summary of fuel management energy efficiency measures 
• Economical amount of bunker to be carried around. 

• Proper temperature control of fuel at various stages of treatment. 

• Ensure tank fittings (manhole covers, vent pipes, etc.) do not allow water, 
cargo or other material to get into the fuel.  

• Ensure heating coils are tight. 

• Ensure that tank wall condition is in good order avoiding corrosion or other 
material being entrained with the fuel which then has to be removed. 

• Maintain settling tanks at a correct temperature enables the purifier 
heaters to achieve the required treatment temperature. 

• Periodically verify that the viscosity controller is working correctly. 

• Monitor fuel oil sludge levels and ensure that sludge levels are not high 
due to poor maintenance of the purifiers (homogenisers can be used to 
reduce the sludge levels). 

The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 
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Ship-board operational planning 
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Transit:  

Ship sailing in open ocean/unrestricted waters 

 

Typically: 

• Ship is travelling at its sea-speed or cruising speed 

• Propulsion engines operating at highest loads 

• Aux. engine loads required by ship are at their 
lowest loads 

• Aux. boilers are off 

• Economizers are on because of high propulsion 
engine exhaust temperatures 

• Vessel fuel consumption: at its highest level due to 
the propulsion system’s power requirements and 
auxiliary fuel consumption is low 

Modes of operation  
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Modes of operation  

Transitioning / Maneuvering: Ship typically 
operating within confined channels or approaching 
harbor 

 

Typically: 

• Ship is transiting at its slowest speeds 

• Propulsion engines are operating at low loads 

• Aux. engine loads at highest load of any mode, as 
additional onboard equipment (thrusters, air 
scavengers/blowers) and generators are online  

• Aux. boilers are on because economizers not 
functioning due to low propulsion engine loads (& 
resulting lower exhaust temperatures) 

• Vessel fuel consumption: very low for propulsion 
system, highest for auxiliary engines, low for aux. 
boilers 
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Modes of operation  

At-Berth or anchored:  

Ship is secured and not moving 

 

Typically: 

• Propulsion engines are off 

• Aux. engine loads can be high if ship is self-
discharging its cargo 

• Aux. boilers are operated to keep propulsion 
engine and fuel systems warm in case ship is 
ordered to leave port on short notice, for crew 
amenities, etc. 

• Vessel fuel consumption: medium to high for aux. 
engines; medium to very high for boilers 
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Engine load management 

• Load factor: Actual power output 
of the engine relative to its 
Maximum Continuous Rating 
(MCR) - Normally specified in %. 

 

• Efficiency of a diesel engine is a 
function of its load factor. 

 

• Load management aims to operate 
engines at a more optimal load. 
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Engine load management – For auxiliary engines 

• Load management of auxiliary engine for reducing: 

• Engines’ fuel consumption 

• Engines’ maintenance costs.  
 

• Each ship has normally three auxiliary engines, each connected to a generator (DG) 
 

• On-board ships, two DGs are normally operated for long periods. This is normally 
done for: 

• In ports 

• Standby periods 

• Tank cleaning periods,  

• Movement in restricted waters 

• Etc.  
 

• This often leads to unnecessary simultaneous use of multiple engines at low loads.  
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How to reduce auxiliary engines utilisation  

• Step 1 – Establish the load factor of various 
DGs via collection and analysis of data. 

 

• Step 2 – Benchmark to identify if engines are 
used more than necessary. 

 

• Step 3 – Reduce the use of 2-DGs 

 

• Methods to reduce auxiliary loads: Proactive 
demand management including load 
reduction and load scheduling via “ship-

board operations planning”. 
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Ship-board operations planning – Areas to cover 

• Ship operation involves a variety of activities and tasks including: 

• Loading 

• Unloading 

• Ballasting and de-ballasting 

• Inner gas generation and top ups for crude oil and product tankers 

• Bunkering 

• Manoeuvring 

• Stand-by 

• Normal passage operation 

• Waiting and anchorage 

• Fresh water generation 

• Potable water generation 

 

• Planning of the above require good coordination between deck and engine 

departments. 
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Ship-board operations planning – For electrical load 

reduction 

• Avoid unnecessary energy use via switching off the machinery when not needed. 

• Stop all non-essential machinery and equipment use via planning: 

• Step 1 – Identify these items. 

• Step 2 – Define procedures for the execution of tasks 

• Step 3 – Implement the procedure. 

• Step 4 – Monitor and control. 

• Avoid use of excessive parallel operation of machinery. 

• Optimize HVAC operation on board. 

• Coordinate and enhance deck and engine departments communications on issue 
of efficient use of machinery. 
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Ship-board operations planning – For auxiliary boiler use 

reduction 
• Effective use of exhaust gas economiser. 

 

• Avoid additional use of auxiliary boilers: 

• The requirement for steam need to be examined and planned.  

• The steam system maintenance/boilers should be done properly. 

 

• Cargo heating plan 

• For ships with cargo heating requirements.  

• The cargo heating plan is best to be made soon after loading cargo. 

• The plan will include how and when and what temperatures?  

• It is also part of best practice for vessels to complete the heating log abstract 
(daily basis). 

• A review of the heating log abstract will help with better future planning. 
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Cargo Heating Plan  

Two typical 
cargo heating 
pattern graphs. 
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Energy Management System and Plan 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Ship energy management system 

Source: ISO 50001:2011 

A continuous improvement PDCA cycle 

Company Energy management system (ISO 50001) Ship SEEMP (IMO) 
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Ship Energy Management: A systematic approach 

Need to: 

• Set clear policies and goals for the fuel saving projects. 
 

• Set a roadmap for 3-5 years. 
 

• Approach it in a step-by-step way with proper monitoring. 
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Ship Energy Management: 3-Step Approach 

From low-
hanging 
fruits to 
major 
capital 
investments 
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Summary and conclusions 

• There are a significant number of Ship Energy Efficiency Operational Measures 
(SEEOM). 

 

• Saving energy operationally, requires a continuous improvement method and 
mindset. 

 

• SEEMP regulation advocates the above approach. 

 

• A number of key energy saving measures were analyzed together with their basis 
and impacts. 
 

• The question remained to be answered is: 

 

WHY SHIPPING DOES NOT TAKE ADVANTAGE OF SUCH POTENTIALS? 

 



 

The Global MTCC Network (GMN) project is funded by 

the European Union and is implemented by IMO 

THANK YOU 
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Innovative and new technologies and fuels 

 

 
• Innovative technologies 

• Wind 

• Solar 

• Hull air lubrication 

 

• Alternative fuel 

• LNG 

• Nuclear? 

• Etc. 

Wartsilla Sail 

Flettner 
Rotor 

Solar 
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Ship hydrodynamics 
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Ship resistances 

• Frictional 

• Wave making 

• Eddy 

• Air 

• Total towing resistance 

 
 

• Power needed 

 

 

• Resistance is generally proportional to ship speed V2 

• Propulsion power needed s proportional to V3 

• Fuel consumption per nautical mile is proportional to V2 
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Propulsion optimisation 

• Reduce resistance 

 

• Increase efficiencies: 

• Hull 

• Propeller 

• Rel. Rotation 

• Shaft efficiency 
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Hull form 

• Hull design optimisation can lead to significant reduction in fuel consumption. 
 

• Areas for improvement include: 
 

• Hull itself – reduce skin friction. 
 

• After-body – reduce wave making resistance. 
 

• Bulbous bow - reduce wave making resistance. 
 

• Flow optimisation around hull appendices and openings. 
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Ship aerodynamics 

• Reducing air resistance. 
 

• More streamlined design of 
superstructures. 
 

• Deck-board location of machinery 
systems. 

Source: SVA Hydrodynamic Solutions 
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Hull form – bulbous bow impact 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Hull air lubrication 

• Reduces hull skin friction by creating a 
partial air cushion. 

 

• Up to 15% of fuel savings is claimed. 

 

• This technology is still under trials and 
a number of pilot trials are underway. 

 

• With Mitsubishi system, 6% savings 
has been reported in pilot cases. 

 

 

Source: Mitsubishi 

Ref.: System by DK Group  
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Fore-body optimization and bulbous bow 

• Fore-body optimization 
includes consideration of for 
example bulb design.  

• A properly designed bulbous 
bow reduces wave 
resistance by producing its 
own wave system that is out 
of phase with the bow wave 
from the hull, creating a 
cancelling effect 

Soumya Chakrabortv 

Maersk, Jonathan Wichmann 

A Maersk 

ship getting 

a “nose 
job”! 
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Technologies: 
• Propeller Boss Cap Fin (PBCF) 
• Efficiency rudder 
• Contra-rotating propeller 
• Ducted propeller 

NOTE:  

The effectiveness of each of the above technologies will vary from ship to ship. 

Propulsion (propeller) technologies 
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Propeller energy balance 

Most of the technologies aim to recover part of the 40% losses 

Efficiency 
60% 

Rotational 
losses 

5% 

Frictional 
losses 

15% 

Axial losses 
20% 
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Improving Propeller Efficiency – Wake field improvement 
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Devices forward of propeller - Ducts 

• A number of designs exists 

• Wake field equalisation: The 
installed duct provides a more 
uniform wake field for the 
propeller. 

• Reduction of propeller hub 
vortex: An improved flow behind 
the duct significantly reduces 
the propeller hub vortex. 

• More suitable for the larger 
ships and hull forms. 

 

Mewis duct 

Wake equalizing duct 
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Mewis Duct – Becker Marine System 

• It channels the water flow more 
accurately over the propeller and 
so create better efficiency. 

 

• Becker Mewis Duct device have 
indicated energy savings up to 8% 
with an average of 6.5%. 
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Efficiency rudder 

• High efficiency rudders: Recovering of 
residual energy from propeller.  
 

• Results in slimmer rudder profile, reduced 
rudder size and reduced hub drag. 
 

• Installed on many vessels. 
 
• Mostly suitable for ships with full aft body. 

 
• 3 to 7% energy savings is claimed. 
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Devices forward of propeller – Pre-swirl stator 
• Enhanced propeller efficiency via fitting of 

the bladed stators on the hull immediately 
forward of the propeller.  

• The stator fins adjusts the flow into 
propeller as the same happens in in normal 
pumps with guide vanes.  

• A gain of 4% in propulsion power is 
claimed.  

• As with the ducts, the device is especially 
suitable for the larger ships and hull forms. 

• Its first installation on a 320,000 DWT 
VLCC has resulted in a 4% reduction in fuel 
consumption with more installations 
afterwards 

DSME system [SPPA] 
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Propeller Boss Cap Fin (PBCF) 

• Propeller has some flow losses that is 
recovered by PBCF. 

• PBCF eliminates or reduces the hub vortices 
generated.  

• As a result, PBCF can play an important role in 
reducing propeller generated noise and 
vibration. 

• It is suitable for slow speed vessel.  

• PBCF boost propulsive efficiency by about 5% 
and ship fuel efficiency by about 2%. 

• PBCF can be retrofitted easily to an existing 
ship.  
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Propeller Boss Cap Fins (PBCF) 
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Mitsui OSK – Propeller Boss  
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Contra-rotating propeller / podded contra-rotating 

propeller 

• Eliminates exit rotational losses which are 
almost 8-10% for conventional propellers. 

 

• Improves propulsive efficiency by 16-20%. 

 

• Better cavitation performance. 

 

• Podded arrangement system shown in the 
diagram. 
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Engine technology 
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Engine efficiency ranges 
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De-rated engines 

• De-rating of the engine – Choice 
of a larger engine but with: 

• A reduced MCR; 

• Same normal maximum 
cylinder pressure for the 
design continuous service 
rating; and  

• Lower mean effective 
pressure. 

 

• The above results in a lower ship 
fuel oil consumption (SFOC). 

 

• SFOC reduction ≤5% is reported. 
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Waste heat recovery 

• Heat recovery from engines. 

• Systems offered combine the base diesel engine with gas turbine and steam 

turbine. 

• Higher power plant efficiency of 10-15% is claimed for the integrated system. 

• Payback periods of 4-7 years is claimed, depending on fuel prices. 

• Both MAN B&W and Wartsilla based systems are offered. 

 



The Global MTCC Network (GMN) project is funded by the European Union and is implemented by the IMO 

Waste heat recovery system and hybrid propulsion 
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Renewable energy devices 
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Renewable energy – Wind and sail concepts 

Wartsila’s concepts 

• Wing shaped sails of composite material installed 
on deck – possible efficiency gain of ~20%. 

 

 

 

 

Flettner rotors installed on deck – provides thrusts 
perpendicular to wind direction.  

• Pilot cases have been tried successfully 
 

 

 

 

Skysails are being developed as towing-kites. 

• Suited more to larger vessels at speeds <16 knots. 

• A proper routing system is required. 

• On trial on for 2 ships. 

Ref: SkySails GmbH & Co  
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Renewable energy - Solar 

• NYK’s PCC Auriga Leader –  
200m x 32m x 34m; 6200 cars; 18,700 dwt. 

 

• 328 solar panels, USD 1.68m,  
40 kW, ~0.3% of installed power. 

 

• Combined sails with solar are also 
proposed. 
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Auxiliary systems and machinery 
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Variable speed drives 
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Outlet control Inlet control Variable speed drive

• Applicable to fluid rotating machinery such as pumps, compressors, etc. 

 

• Flow control is best to be carried out by speed control. 

 • Recommended when the flow 
rate changes with time. 

 

• Potential area of application: 

• HVAC system fans. 

• Boiler fans. 

• IG fans. 

• Pumps. 
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High efficiency electric motors 

• Electric motor efficiencies are 
normally quoted at 80-95%. 

 

• The range is relatively wide and 
there could be significant 
differences between alternative 
designs. 

 

• There are standards for energy 
efficient motors. 

 

• This diagram shows the electric 
motor rating scheme based on 
European standards. 
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Lighting system 

• Energy saving lamps. 

 

• Occupancy sensors (public areas). 

 

• Cabin card operated electric switches. 

 

• Advanced lighting controls (cruise ships). 
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Economic assessment of technologies 
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What about cost-effectiveness of technologies? 

• Marginal Abatement Cost Curves (MACC) are used to show potential CO2 
reduction of each technology and associated costs/benefits. 

 

• MACC shows the reduction potential (tonne/year) and abatement cost 
($spent/tonne CO2 reduction) on one diagram. 

 

• A large number of MACC has been produced by various organisations. 

 

• Cost-effectiveness of technologies are measured by pay-back periods or NPV (Net 
Present Value). 

 

• In general, we need a MACC for each ship type and size to be able to identify best 
methods of CO2 reductions. 
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NYK Super Eco Ship 2030 

• State of the art future technologies. 

• Optimized hull and propellers. 

• Lightweight material. 

• Extensive use of solar and wind 
power. 

• Change from diesel to fuel cell. 

• Hybrid-electric propulsion 

• Battery energy storage system. 

• Full hybrid system. 

• LNG as fuel. 

 

 

A long term solution 
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NYK Super Eco Ship 2030 
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Summary and conclusions 

• Selected energy efficient technologies were reviewed and discussed. 
 

• Future ships, because of EEDI, will have: 

• A better naval architecture characteristics. 

• More optimal hull and propeller designs. 

• More energy efficient engines. 

• Move to low carbon fuels such as LNG 

• Reduced design speeds in particular container ships. 

• More electrification and hybrid systems. 
 

• As a result of the above, ship technologies will become more complex and ship 
building cost will increase.  
 

• However, ships total lifecycle cost and environmental impacts will reduce. 
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