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ABSTRACT

Regarding the latest IMO requirements, the EEDI (Energy Efficiency Design
Index) is mandatory to be limited as levels under IMO MEPC requirements.

The paper presents some paths to reduce EEDI as are applied onboard a 5550
TEU C/V and their effects upon ship’s performances.
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propeller, slow steaming, energy saving

1. Introduction

Greenhouse gas emissions lead not only to well-
known global warming, but also to ocean
acidification affecting aquatic biota [1]. Marine
Environmental Protection Committee (IMO MEPC)
introduced Energy Efficiency Design Index (EEDI) as
an instrument to quantify these COx emissions,
especially for new ships, even if this industry is
responsible for only 3% of planetary gas emissions.
Together with Ship Energy Efficiency Management
Plan (SEEMP) they became mandatory under
MARPOL Annex VI beginning with 1% January 2013.

This EEDI limitation addresses container ships,
tankers, bulk carriers etc. but not passenger and RO-
RO ships, even the EEDI must be calculated also for
them, acc. to [2].

Having in mind the above considerations, the
owners, charterers and ship’s operators need to adopt
measures to limit the gas emissions using different
methods and technologies. This means that limiting
environment pollution should be a part of the
SEEMP, as by example, speed optimization.

2. Container carrier ships

Because container ships are the most important
ships form the global warming standpoint, this paper
presents the benefits of retrofitting the propeller
onboard an existing vessel and lowering the
revolution speed of Main Engine coupled directly
with the propeller, so-called slow steaming. The
ship’s service speed with original arrangements is
25.0 kts. It was used a new innovative ESCAP
propeller (MMG-Germany), see Fig. 1, acc. to [3].

The old FPP propeller (6 blades, 8.0 m diameter) was
replaced with a new propeller (5 blades, but a greater
diameter, 8.2 m) having fins for energy saving,
mounted in aft side of propeller disk, similar the well-
known type PBCF (Propeller Boss Cap Fins):

b
-;\i:

Fig. 1. Re-design ESCAP propeller (MMG-
Germany)

Applying slow steaming concept, the MCR
(Maximum Continuous Rating) power was reduced
from 42140 kW @ 104 rpm to 27391 kW @ 91.3
rpm.

According to [4], the power-speed performances
have been tested in progressive speed trials on
Adriatic Sea, Rijeka area, in ballast condition,
conducted by author.
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There have been performed three double runs on
north to south direction and vice versa, with the
followings propeller rpm: 50, 65.0 and 91.3 rpm,
applying the procedure of [5].

The corresponding speed — power diagram is
shown in the bottom Fig. 2:
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Fig. 2. Power-Ship’s Speed Diagram

According to [6], attained EEDI it is:

n nME
(H fj ](Z Puei © CFME(i) ° SFCME(i)]
j=1 i=1

+(Pae o Crpe© SFC;E) +

n nPTI neff
H fj ° Z PPTI(i) _Z feff(i) ° PAEeff(i) 0Crpe o SFC e

j=1 i1 i-1

neff
_[Z feff(i) ° Peff(i) °Crye© SFCME)

i=1

f, o f. oCapacityo f, oV

where:
fi: correction factor for ship specific design
elements;
Pwmei: power of main engines;
Cr: conversion factor between fuel consumption
and CO; emission;
SFC: specific fuel consumption;

Page: auxiliary power reduction;
Peri: shaft motor;

fer: availability factor of
efficiency technology;

Paeer: auxiliary power reduction;

fi: capacity factor;

fc: cubic capacity correction factor;

Capacity: bulk carriers, tankers, gas carriers, ro-ro
cargo ships and general cargo ships;

fw: weather factor;

Vre; Ship’s speed.

innovative energy

Assuming:
- Type of ship: container carrier;
- one M/E;
- Pwme =42140 kW;
- Cevme=3.114 acc. to [5];
- SFCwme = 1659/kWh;
- Pag= 2310 kW,
- Crae= 3.206 acc. to [5];
- SFCae = ZZOg/kWh;
- Ppri=Paeers=0;
- fj = feff = O;
- fi = l;
- fe=1
- Capacity = 74447 dwt;
- w=1;

= Vref: 25 ktS

In the below Tables (no. 1 and no. 2) the EEDI,
both for original ship and updated ship are calculated:

Table 1.
Ship's original data
MCR = | 42140(kW
Deadweight = 74447 | dwt
Ship's speed = 25|kts
No. of MEs = 1
75%|Pue = | 31605kW
Crme = 3114 acc.to [6]
SFCue = 165(kWh
Pae = 2310 (kW
Crae = 3.206 acc. to [6];
SFCae = 220|g/kWh
Ppri=Pages = 0
f=fs=0; = 0
f=1; = 1
f.=1; = 1
70%|Capacity = 52113] dwt
f=1; = 1
75%|Viet = 19|kts
EEDI onig = 18.28|g - CO,/ton mile
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In original version, the EEDIqig = 18.29
gCOa/ton mile.

Table 2.
Ship's new data
MCR =| 27391 kW
Deadweight = | 74447| dwt
Ship's speed = 21|kis (after sea trials)
No. of MEs = 1
75%|Pue =| 20543 |kKW
Crme = 3.114 acc to [6]
SFCue = 165(KWh
Pae = 2310|kW
Crae =| 3.206 acc. to [6];
SFCae = 220|g/kWh
Prr=Pages = 0
f=fer=0; = 0
fi=1; = 1
f=1; = 1
70%|Capacity =] 52113| dwt
fa=1; = 1
T75%(Viar = 16|kis
EEDI new =| 14.85|g- CO2f/ton mile

In updated version (innovative propeller and de-
ratted M/E) the EEDlew = 14.85 gCOy/ton mile.

3. Conclusions

Reduction of gas emissions is an important task
in  maritime transport, both for designers,
shipbuilders, owners, charterers etc. The legislation
on sea and shore related to pollution uses different
procedures, and is more and more updated in order to
reduce the gas emissions.

In Fig. 3 below are shown the rules for new
ships beginning with 2025 and the calculated EEDI
for original and updated ship.

For the ship presented in this paper (already in
operation since 2011) the calculated EEDI is greater
than limit for new ship beginning with 2015, even
after new propeller mounting and M/E de-ratted. This
means the new values for gas emission are very low
and great investment efforts should be made in the

future for ships already being in operation to fulfill
the new rules regarding the gas emissions.

Anyway, lowering maximum accepted level for
gas emission means less pollution and a cleaner
environment.

20,00
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A\ -—- Attained EEDI for new ship, beginning
with 2025
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with 2015
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Fig. 3. Attained EEDI for original propeller,
new propeller and MEPC rules beginning with
2025
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