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Abstract 
Since 2013 Energy Efficiency Design Index (EEDI) for new ships will be enforced. Ships meeting the CO2 

emission standards will be granted energy certificate required for their exploitation. The paper presents EEDI 

in the current form and influence of the ship speed and decrease of the ship speed on EEDI. 

 

 

 

Introduction 

Energy Efficiency Design Index (EEDI) pub-

lished by IMO in 2009 (mandatory since 2013) will 

serve as monitoring tool for CO2 emission per each 

tonne-mile of transported cargo by newly built / 

desined ships. The EEDI will be calculated accord-

ing to the following formula (at present): 
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whose specific parameters have been presented in 

[1]. For each newly built ship, the calculated EEDI 

value will be compared against the so called “refer-

ence line” binding in 2013 and drafted up for spe-

cific types of ships. The reference line will be 

changing as to reduce CO2 emission in subsequent 

years. The new ship will be awarded international 

energy certificate and fit to service when its EEDI 

value is equal or lower than the corresponding 

EEDI from the appropriate reference line. The 

analyses carried out mainly in 2011 have shown 

that the EEDI values of a number of ships currently 

in service approximate the reference line. It means 

that in some cases even a slight modification of 

ship service parameters, can result in EEDI de-

crease below the reference line. However, in the 

subsequent years when further CO2 reduction will 

be required, achieving the appropriate EEDI value 

will, therefore, necessitate a more thorough ap-

proach – already at design and not only service 

stage. Thus, already at present further research in 

energy efficient ship design (and future limits on 

CO2 emission) is very much needed. Significant 

potential in reducing the EEDI values can be de-

fined as follows:  

• improved hull design aiming at higher propul-

sion efficiency; 

• more efficient propulsion engine – lower specif-

ic fuel consumption; 

• higher fuel quality; 

• development of new technologies, better waste 

heat recovery system; 

• larger ship construction (bigger capacity); 

• decreasing the ship’s speed; 

• optimalisation of the shipping route. 

One of the essential ship service parameters, 

which also affect the EEDI value, is the ship’s 

speed and its decrease while sailing on rough sea. 
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Ship speed  

In the formula (1), there are given: service speed 

of a ship Vref and fw a non-dimensional coefficient 

indicating the decrease of speed in representative 

sea conditions of wave height, wave frequency and 

wind (e.g. Beaufort Scale 6). Since both these  

values are in the denominator, the lower the service 

speed value Vref together with higher fw value (max-

imum fw = 1), the lower the total EEDI. 

The service speed Vref, in present EEDI defini-

tion is the speed achieved at 75% MCR (Fig. 1), 

 

Fig. 1. Determining ship speed Vref [1] 

on calm sea and maximum capacity (65% capacity 

in case of container ships). 

Since the ship speed Vref is determined for a new 

ship, on deep water with no wind and wave action, 

hence in some publications it is equalled with con-

tract speed VC. 

The power of the ship propulsion system is ap-

proximately dependent on ship speed cubed, hence 

every decrease of ship speed results in a major loss 

of the propulsion system and the EEDI value as 

well. For typical transport ships decreasing the ship 

speed by one knot results in 11–14% EEDI  

decrease (Fig. 2). 

 

Fig. 3. The relation between the ship speed and circulation test 

[3] 

 
Fig. 2. EEDI of containerships with speed change [2] 

V = 14.8 w 

V = 23.2 w 
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Decrease in ship speed, apart from the obvious 

longer sailing time of a ship, results also in: 

• worse manoeuvrability, especially when apart 

from a plane ruder, the ship is not equipped with 

other steering devices such as e.g. bow tunnel 

thrusters [3]; 

• significant loss of safety while sailing against 

high opposite or oblique wave – the ship may 

lose its ability to move and stay on a set course 

[4]. 

Therefore, the IMO has published a guideline, 

specifically indicating that the potential ship speed 

reduction due to the EEDI value cannot lead to 

worsening of ship safety conditions.  

Ship speed loss on rough sea  

In the denominator of formula (1), there is 

a non-dimensional coefficient fw indicating the  

decrease of speed in representative sea conditions 

of Beaufort Scale 6 [1]: 

 
sea) calmin  speed (ship

BF6 in speed ship

refV
fw   (2) 

The fw coefficient is not directly connected to 

engines or other equipment such as boilers consum-

ing CO2 fuel or even deadweight of a ship, still it 

plays a crucial role in calculation of EEDI and 

hence can be decisive whether or not a ship will be 

awarded energy efficiency certificate. It results 

from a fact that the fw coefficient can assume value 

fw = 1.0 (such value is suggested in [5] or lower, 

e.g. fw = 0.8 [6]. Such difference in values can seri-

ously affect the final EEDI value, therefore, the fw 

coefficient should be calculated accurately and in 

a logically well – motivated way. As studies this 

area [7, 8] demonstrate, EEDI for many contempo-

rary ships in use is very close to the stated reference 

line. 

One of the methods to calculate the fw coeffi-

cient, given in [1], is the assumption that the ship is 

acted upon by waves and wind speed at BF6. The 

direction of wind and wave is not given, it is com-

monly assumed that the ship is sailing against wind 

and waves. While an average wind speed at BF6 

can be determined, the wave height at such speed 

can vary on different sea areas. Therefore, such 

calculation method of fw coefficient is inaccurate, 

since in real sea conditions, geographical directions 

of wind and waves and their parameters (wind 

speed, wave height and period) are changeable, 

while ships sail different courses against the waves 

on different routes across different sea areas. Cur-

rently, a number of calculation methods of fw coef-

ficient are being discussed, with several proposals 

suggested by various countries [6, 7, 12] which 

indicate the prime importance of this issue. 

The article presents a new method of calculation 

of fw coefficient, which assumes that: 

– a ship can sail different courses on different 

routes crossing different sea areas; 

– there are mean long-term statistical values of 

wind and waves (together with the probability of 

their occurrence) present on those different sea 

areas. 

Loss of ship speed calculated in this way will  

also be a mean long-term statistical value for a se-

lected shipping route or a mean value for numerous 

shipping routes.  

In order to calculate mean speed loss of a ship in 

real weather conditions occuring on a given ship-

ping route, we first need to obtain a mean statistical 

value of the fw coefficient: 

Fig. 4. Ship propulsion characteristics while sailing against the wind [4]: VC = 8.44 m/s, VA – average wind speed, V – ship speed 

while sailing against the wind 
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refV

V
f E
w   (3) 

where: Vref is sheep speed on calm sea, and EV  – 

mean statistical service speed of a ship under mean 

statistical weather conditions on a given shipping 

route. 

A detailed account of the calculation method 

presented here, has been given in [4]. 

Mean, statistical value of the fw coefficient  –  
an example of calculations 

Calculation of the mean statistical value of fw 

coefficient has been performed for transport ships 

(Table 1) and selected seasonal shipping routes 

(Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Specification of the shipping routes used for the calcu-

lation of the additional resistance and service speed of a ship 

No. Name 

1 South America – West Europe 

2 US East coast – West Europe 

3 US East coast – Gulf of Mexico – West Europe 

4 US East coast – Mediterranean – West Europe 

5 Indonesia – Japan 

6 Persian Gulf – Japan 

7 North Africa – West Europe 

8 North Africa – US East coast. 

9 Persian Gulf – Africa – West Europe 

10 West Europe – Mediterranean – Persian Gulf – Japan 

11 West Europe – Panama Canal – US West coast 

12 West Europe – Latin America 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Ship parameters 

Ship 

Data 
Symbols 

Container ship Bulk carrier 

K1 K2 K3 M1 M2 M3 M4 

Lenght between perpendicular L [m] 140.14 171.94 210.20 138.0 185.0 175.6 240.0 

Displacement  [m3] 17300 29900 47250 21441 40831 56396 73910 

Calm-sea speed of a ship VRef [m/s] 8.44 9.62 10.80 7.15 7.72 8.2 8.28 

Service margin assumed in a ship propulsion design kż [%] 15 15 15 15 15 15 15 

 

fw = 1 

K1 Ship   mean value fw for all shipping routes fw = 0.988 

K2 Ship   mean value fw for all shipping routes fw = 0.988 

Shipping route  

Shipping route 

fw = 1 

RefV

V
f E
w 

 

Shipping route 

RefV

V
f E
w   

fw = 1 
K3 Ship   mean value fw for all shipping routes fw = 0.985 

Fig. 5. Coefficient wf  for tested containerships and selected shipping routes 
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Calculation results for the fw coefficient 

For each shipping route (index „a” respresents 

one-way voyage of a ship while “b” – return) run-

ning across specific sea areas, probabilities fA, fS 

have been determined, while probabilities fμ and fHT 

have been taken from the wave statistics [11, 12]. 

Probablilties fV and fψ – have been determined on 

the basis of a selected shipping route of a ship. For 

each ship and shipping route histograms and distri-

bution function of additional resistance and ship 

service speed have been calculated first, and then – 

mean statistical speed values, as well as the wf  

coefficient. An example of these calculations is 

shown in figures 5 and 6. 

Conclusions 

The EEDI formula (1) can be still amended, 

since there have been ongoing calculatory analyses 

with resulting suggestion as to change some of the 

coefficients, their interpretation or calculation 

methods. 

Some of the parameters, present in the formula 

(1), have a major influence on the calculated EEDI 

value. The paper has shortly presented the relation 

of EEDI and ship speed, marked as Vref in the EEDI 

formula, and the loss of this speed on rough sea  

(fw coefficient). 

The EEDI value is influenced also by some  

other parameters, which can be calculated in  

RefV

V
f E
w 

 

fw = 1 
M1 Ship   mean value fw for all shipping routes fw = 0.985 

M2 Ship   mean value fw for all shipping routes fw = 0.979 

Shipping route  

Shipping route 

fw = 1 

RefV

V
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numerous ways. It means that already at the initial 

stages of ship design, its parameters can be adjusted 

in such way as not only to meet the requirements of 

a ship owner (e.g.: ship capacity and speed), but 

also achieve the EEDI value required for the inter-

national energy efficiency certificate.  
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