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Abstract 

 

This paper explores the determinants of the Energy Efficiency Operational Indicator 

(EEOI
1
) by decomposing the indicator into sub-indices that reflect the technical 

characteristics and logistics of ships. We examine these sub-indices by first constructing a 

model that mathematically describes the components that comprise the EEOI. A panel 

dataset of shipsô fuel consumption parameters and transport work is used to estimate 

these sub-indices. We find that there is a relationship between technical efficiency 

(EEDI) and EEOI across different ship sizes, but there is a wide dispersion of EEOI 

values within a ship size class. This can be explained by the variation in logistics factors, 

with little evidence of correlation between EEOI and any one logistics factor. For all of 

the types and sizes considered, variations in EEOI can be explained only by considering 

contributions from a combination of the logistics factors.  

Keywords: Energy Efficiency Operational Indicator (EEOI) , shipping, MRV, 

energy efficiency, carbon intensity  

1. Introduction 

Shipping is commonly cited as the most efficient transport mode. When expressed as a 

generalization (across all ship types), this is rarely disputed. However, recent discussions 

and attempts to quantify the more detailed energy efficiency characteristics of the 

existing ship fleet have been met with criticism. For example, among the objections to 

previous analyses, studies have had issues related to unrepresentative input data, limited 

real-world operational data to reflect actual operational conditions, and incomplete 

quantification of technical versus operational efficiency characteristics. Many of these 

objections are well-founded, due to the generally poor quality of data describing the 

existing fleet of ships and the wide-ranging parameters that influence the performance 

and therefore efficiency of ships in their day-to-day operation (as opposed to an artificial 

ócalmô sea or acceptance trial). 

 

Increasing the motivation for a more comprehensive analysis of energy efficiency is the 

ongoing debate about how shippingôs air pollution and greenhouse gas emissions should 

                                                        
1 The EEOI is the total carbon emissions in a given time period per unit of revenue tonne-miles. A lower EEOI means a 
ship is more energy efficient in its operations. 
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be regulated. In January 2013, the EEDI (Energy Efficiency Design Index) came into 

force, requiring all newbuild ships to meet a minimum energy efficiency standard. In the 

same regulation annex, the SEEMP (Ship Energy Efficiency Management Plan) 

recommends the use of the EEOI (Energy Efficiency Operational Indicator) as a 

measurement of the energy efficiency of existing ships.  

The EEOI, or annual fuel consumption divided by transport work, can be considered as 

the annual average carbon intensity of a ship in its real operating condition, taking into 

account actual speeds, draughts, capacity utilization, distance travelled, and the effects of 

hull and machinery deterioration and weather. Although the EEOI is referred to as an 

indicator of energy efficiency, it is technically more accurate to refer to the EEOI as a 

measure of carbon intensity as the units are in gCO2/t.nm. The US energy efficiency 

indicator is measured in joules/hour and therefore is more defensibly energy efficiency 

because the numerator is measured in joules of energy. Despite these differences, if the 

fuels are similar in carbon content then the CO2 and joules should be consistent so that 

carbon intensity is a proxy for energy efficiency. On the other hand, a ship that consumes 

LNG would differ in energy content compared to one using HFO and therefore a 

correction would need to be applied for the relative carbon and energy intensities of the 

fuel before their energy efficiency can be compared. For the rest of the report, we will 

refer to the EEOI as an energy efficiency indicator, except in Section 6, when the merits 

of carbon intensity are discussed in light of alternative indicators proposed at the IMO. 

The EEOI and the data and methods associated with it were originally conceived for 

policy purposes, evidenced by the European Commissionôs proposal to require ships 

exceeding 5,000 GT to monitor and report their operational energy efficiency starting in 

2018 on all voyages to, from, and between EU ports. In light of this potential legislation, 

ship owners and their associations are trying to better understand the drivers of the 

proposed Energy Efficiency Operational Indicator (EEOI) in order to prepare themselves 

for future environmental regulation. Discussions at the IMO indicate that such MRV 

initiatives could serve as initial phases toward eventual in-use ship fleet efficiency 

standards. 

The collection of fuel consumption data, as required by the MRV policy, has lead to 

speculation about how the EEOI could be extended to other regulations or for commercial 

purposes. One of the commonly cited barriers in the shipping industry is the lack of 

sufficient information on the technical efficiency of a ship operated in real operating 

conditions when a ship is chartered (Rojon & Smith, 2014). Although there is publicly 

available data that approximates the technical efficiency of a ship when it is built, the 

efficiency of a ship in its designed condition at age 0 does not necessarily equal the shipôs 

technical efficiency because the formula (EEDI) makes assumptions
2
 about parameters 

                                                        
2 The EEDI is measured  the design speed, and the specific fuel consumption 
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that determine efficiency. Furthermore, as a ship ages, the specific parameters that 

determine its fuel consumption change over time due to a gradual deterioration of the 

hullôs surface and fouling due to marine growth. For example, two ships which appear 

identical in their design characteristics can perform differently due to a difference in 

maintenance or retrofitting which would not be observed in the EEDI.  

Although ship owners measure fuel consumption and cargo information, it is not known 

to what extent this data is used for improving operations. As a result, the industry lacks a 

detailed understanding of the consequence of energy efficiency interventions on its 

emissions (e.g. slow steaming). And more broadly, bottom-up estimates of shipping 

emissions (e.g., those used by the IMO and other groups) can potentially lack credibility 

or sources of validation. 

Industry groups have sought to address these failings, including work undertaken already 

by the RBSA. In 2009, the RBSA collaborated with the Flemish Institute for 

Technological Research (VITO) to create a study on the Energy Efficiency Operational 

Indicator. The purpose of the study was to identify the gaps in the interim guidelines 

(MEPC/Circ. 471) developed within the IMO to determine the EEOI. The index was 

tested on 41 ships under the Belgian flag. The results of the study were presented to the 

IMO (GHG-WG 2/3/1) through the Belgian maritime administration in 2009. As the 

EEOI is an aggregate number, it is difficult to disentangle the influence of these 

confounding factors. Therefore a database was established in order to determine the 

contribution of factors such as ballast voyages and port time to the index due for each 

individual ship. The main message of the study was that breaking down the basic formula 

leads to better transparency of the causes of variation of the EEOI and may help to 

improve operational and environmental performance for ship operators.  

This paper further studies the drivers of the indicator by carrying out a series of analyses 

on a set of owner-reported data, similar to the data that will be used to comply with the 

future legislation. As well as calculating the carbon emissions and values of EEOI for 

ships in the RBSAôs ownerôs fleets, the study will decompose the EEOI into sub-indices 

(technical and logistics factors) and in terms of the contribution of the laden, ballast and 

port segments to EEOI for 94 ships in the bulk carrier, chemical tanker, container,  

liquefied petroleum gas and oil tanker sectors over the period 2008-2014, in which there 

was variation in market factors such as fuel prices and freight rates. These market factors 

have influenced the way in which the ships were operated, including the speed and the 

employment opportunities available and undoubtedly has cascaded into changes in the 

EEOI over time. A number of other operational energy efficiency indicators have been 

proposed by member states of the IMO. In light of these other efficiency indicators, the 

analysis will also compare the EEOI to alternative energy efficiency indicators. The 

experience of computing the EEOI has also not been well documented. This paper will 
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shed light on the process and challenges of calculating the EEOI, as well as the 

uncertainty in the estimates calculated. 

2. Expressions for technical and operational efficiency and the interconnection of the 

two types of efficiency 

 

This section discusses the formulation of indices for efficiency, including a suggested 

additional indicator that represents the technical efficiency of a ship at a given point in 

time. A full derivation of the equations used is contained in Appendix A.1. 

The annual EEOI, or annual total carbon emissions divided by transport work, can be 

considered as the annual average efficiency of a ship in its real operating condition, 

taking into account actual speeds, draughts, capacity utilization, distance travelled, and 

the effects of hull and machinery deterioration and weather.  

A metric used for quantifying the operational efficiency of shipping is the EEOI (IMO 

MEPC.1/Circ.684, 2009): 

(1)

 ὉὉὕὍ
ВВὊὅ

Вά Ὀ
 

where: 

Á i = the voyage 

Á j = the fuel type 

Á Ὂ= the amount of fuel consumed for the voyage i
 
and fuel type j 

Á ὅ= the carbon factor for fuel type j 
Á ά = cargo mass of voyage i

  

Á Ὀ= distance travelled in loaded voyage i
  

 

Analogous to the use of the EEOI to estimate the operational efficiency of a ship, the 

technical efficiency of a ship or energy efficiency technical indicator (EETI) can be 

defined as the energy efficiency (gCO2/tonne-nautical mile) of a ship in a reference 

operating condition (speed and draught): 

(2) 

ὉὉὝὍ
ὅὊ

ὺ ὈὡὝςτ
 

where: 

Á ὅ  = the average carbon factor of the fuel used 
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Á Ὂ  = the daily fuel consumption at a reference speed and draught 

Á ὺ = the reference speed
3
  

Á ὈὡὝ = the deadweight tonnage of a ship 

 

The EETI is a shipôs estimated technical efficiency in real operating conditions at a 

specific point in time, whereas the EEDI (gCO2/t-nm), is the shipôs design technical 

efficiency at the start of its life and under specific EEDI assessment conditions. 

Differences between a shipôs EEDI and EETI could arise due to fouling, modification of 

technical specifications (such as retrofitting) or because the EEDI trial performance 

cannot be recreated in real operating conditions. 

The EEOI and the EETI, when estimated from measurements of a shipôs daily fuel 

consumption and activity, are inextricably linked because they have overlaps in their 

input data. The mathematical derivation of the two formulae can be used to show how 

EEOI can be decomposed into a number of technical and logistics factors, one of which is 

the shipôs EETI. This is useful as a means to break EEOI down into a series of drivers 

that each influence the overall value. As the only ótechnical factorô, the EETI indicates 

the technical efficiency contribution to the EEOI quantification, while three logistics 

factors indicate the contribution of the specifics determining the shipôs commercial 

operation (speed and utilization).   

 (3) 

ὉὉὝὍͯὉὉὕὍ
ά

ὈὡὝ

Ὠ

Ὠ Ὠ

ὺ

В
ȟ ȟ

Ⱦ ὴ ὺ

 

where: 

Á Ὕ ȟ = the operating draught at passage or passage segment i 

Á Ὕ  = the reference draught  

Á ὺ ȟ
 = the average operating speed for a passage or passage segment i  (nautical 

miles/hour). 

Á p = total number of passages or passage segments 

Á Ὠ= the days a ship is sailing loaded during period t 

Á Ὠ= the days a ship is sailing ballast during period t 

Á Ὠ= the days a ship is in port during period t 

Á ά  = the average cargo mass during period t 

Á ὺ  = the average loaded speed per hour h in time period t 

                                                        
3 The reference speed may or may not equal the design speed.  
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Equations (3) shows that it is possible to formulate EEOI or EETI in terms of one another 

if a number of extra details about speed, cargo and the loaded/ballast voyages are known. 

These are, as represented in the right hand side of (3):  

= the average payload utilization 

 = the allocative utilization or ratio of laden days to total operating days 

В

ȟ
ȟ
Ⱦ

= the speed and draught factor 

The average payload utilization is always less than 1, the allocative utilization is also 

always less than one, and the speed factor could be greater than, equal to, or less than 1. 

Although commonly, especially recently, it will be greater than 1 ï demonstrating slow 

steaming.  

In operation, a ship with a higher EETI value can offset this lower efficiency 

disadvantage by obtaining a higher average payload utilization, allocative utilization, 

speed factor, or some combination of these factors. As expected, this shows that the EEOI 

is highly influenced by how a ship is commercially operated, and only partially 

influenced by the technical efficiency of the ship. The derivation in this section of EETI 

and the connection between EEOI and EETI is used both to illustrate this point, and to 

introduce the concept of EETI which is calculated explicitly using the data in this study, 

with results presented in Section 6. 

3. Description of the data 

3.1 Ships covered in the dataset 
Data for this paper comes from five companies who are members of the Royal Belgian 

Shipownersô Association (RBSA). RBSA has provided spreadsheets of data supplied by 

the ship owners. Where possible, other documentation such as noon report or arrival and 

departure report has also be provided by RBSA. 

Table 1 describes the types of ships for which we are able to analyze the data, as for some 

ships the data provided is not consistent or complete so some ships had to be excluded. A 

filter has been applied that excluded every year of a ship for which more than 30% of 

voyages has not complete information. The majority of the ships analyzed are bulk 

carriers, accounting for 42% of the sample, followed by oil tankers (25%) and liquefied 

petroleum gas carriers (23%).  
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Table 1 Ships sample 

Ship type/size IMO size range 

IMO 

size 

categ

ory 

Original 

number 

of ships 

Ships 

analyzed 

% ships 

excluded 

Bulk carrier  (dwt)   58 43 26% 

  

(10000-34999) 2   15   

(35000-59999) 3   4   

(60000-99999) 4   1   

(100000-199999) 5   20   

(200000-+) 6   3   

Chemical tanker (dwt)   2 2 0% 

  (10000-19999) 3   2   

Container (TEU)   10 10 0% 

  
(1000-1999) 2   3   

(2000-2999) 3   7   

Liquefied petroleum 

gas 
(cbm)   24 17 29% 

  
(0-49999) 1   15   

(50000-199999) 2   2   

Oil tanker  (dwt)   30 22 27% 

  
(120000-199999) 7   17   

(200000-+) 8   5   

Grand Total       94   

 

The data is an unbalanced panel of individual ships over time because not all ships are 

reported in each year over the period 2008-2014.  

Table 2 shows the representation of ships by year in the sample. There is data for bulk 

carriers in years 2008-2013, while data was not available for several years for each of the 

other ship types in the dataset. 
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Table 2 Number of ships in the data sample by year 

Ship type 2008 2009 2010 2011 2012 2013 2014 

Bulk carrier 11 13 21 33 41 37 0 

Chemical tanker 0 0 0 2 2 0 0 

Container 0 0 6 9 8 9 0 

LPG 4 10 12 12 4 0 0 

Oil tanker 0 0 4 12 7 9 13 

 

In order to obtain additional information on each shipôs technical specifications 

(deadweight, age, installed power, Specific Fuel Oil Consumption and reference speed) 

data was taken from Clarkson Research Services, by matching the IMO number provided 

by each companyôs data. This information allowed us to estimate the shipsô Energy 

Efficiency Design Index (EEDI) using the formula provided in Germanischer Lloyd SE 

(2013). The estimate is similar to an EIV (Estimated Index Value) used in the calculation 

of EEDI baselines, but uses SFOC as reported in Clarksons. It is an estimate because 

there is no validation of the calculationôs input data.  

Table 3 provides the summary statistics of the average technical specifications. There is a 

strong relationship between the technical efficiency of a ship, represented by the EEDI, 

and the size of the ship (in deadweight tonnes or DWT). For all ship types, EEDI is 

decreasing with size, meaning that the energy efficiency is higher.  

Table 3 Average technical specifications. Source: Clarkson Research 

Ship type 

/IMO size 

Size range No. of 

ships 
Mean 

age 
Mean 

DWT  
Mean 

design 

speed 

Mean 

EEDI  

Bulk carrier  (dwt) 43 6 109,372 14.48 5.44 

2  (10000-34999) 15 4 33368.93 14.03 9.15 

3 (35000-59999) 4 7 54997.5 14.73 5.53 

4 (60000-99999) 1 8 76588 14.40 3.98 

5 (100000-199999) 20 8 176760.7 14.78 3.11 

6 (200000-+) 3 3 205143.3 -  -  
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Chemical 

tanker 
(dwt) 

2 13 14582.5 13 16.309 

3 (10000-19999) 2 13 14582.5 13.00 16.31 

Container (TEU) 10 8 25141.8 20.52 14.88 

2  (1000-1999) 3 10 16701.67 19.53 16.37 

3  (2000-2999) 7 6 33582 21.50 13.39 

LPG  (cbm) 17 15 35952.8 15.53 12.66 

1  (0-49999) 15 10 12718 14.82 18.11 

2  (50000-199999) 2 21 59187.5 16.25 7.21 

Oil tanker  (dwt) 22 11 230798 15.48 2.73 

7  (120000-199999) 17 12 154202.8 14.98 3.29 

8  (200000-+) 5 10 307393.6 15.98 2.16 

Grand Total  94 11 82,169 16 10 

 

3.2 Data used to estimate the EEOI and subindices  

We calculate the annual EEOI using detailed data on the fuel consumption of a ship and 

revenue tonne-miles per sea passage. As also identified in the VITO study (VITO, 2009), 

the format for reporting this detail varies by company; a sea passage could be defined as 

starting from one port and ending in another port or starting at sea and ending at sea. In 

some cases, the sea passage is not specified. In this case, we derive the passage from two 

temporal consecutive records.  

While each company has its own internal procedure and format for collecting this data, 

each company collects data on fuel consumption separately from cargo information. 

Therefore, the data had to be merged together. An overview of the procedure and data 

checking is described in Appendix A.2. Each companyôs data was checked for 

consistency of the parameters required for the calculation (distance sailed, speed, hours of 

operation) and processed to obtain a standardized dataset that was uniform for all ships. 

This involved extensive filtering, cleaning and checking of the data.  

There are a number of missing fields in the unprocessed data. We therefore estimate 

speed, distance or hours when at least two of the variables are provided. When all 

variables are known, we verified the hours of service using the distance/speed 

relationship to ensure that the triple is consistent. We also checked for outliers, described 

in Appendix A.2.  
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There are a number of cases in which we could not calculate the EEOI for a specific 

voyage. For example, if the fuel consumption per laden voyage is known, but the distance 

for these voyages is missing and speed is nonzero, then we excluded this voyage from the 

analysis to avoid overestimating the numerator without a corresponding tonne-miles 

statistic. These exclusion cases are described in Appendix A.2. Finally, the annual EEOI 

was calculated by aggregating the sea passages for which we have both valid fuel 

consumption and revenue tonne-miles data.  

 

4. EEOI results 

4.1 Aggregated annual EEOI for all ships (grouped by ship type and size) 

We calculated annual EEOI for all ships in the database for each year (2008-2012) for 

which there was valid data. Figure 1 shows an overview of the annual EEOI in relation 

with the DWT for each ship type
4
. 

 

Figure 1 Annual EEOI and DWT grouped by ship type 

The variation in annual EEOI for each ship type varies. For example, for large bulk 

carriers the annual EEOI varies between 5 and 20 gCO2/t.km, while the variation in the 

EEOI for smaller bulk carriers is wider, between 5 and 40 gCO2/t.km.  The results are 

shown in Figure 1 for each ship grouped by ship type. Note that the same ship will appear 

multiple times if data is available on the ship for multiple years. It can be seen that the 

                                                        
 



 12 

relationship between size (measured in DWT) and operational efficiency is not obvious 

given the wide dispersion of values for ships of a similar size (a higher EEOI means the 

ship is less efficient). 

Figure 1 also shows there are several notable outliers. Generally, high EEOI values are 

often the result of a very low allocative utilization
5
 and payload utilization. For example, 

the highest annual EEOI value (1428 gCO2/t.km) was from the LPG ship type, which for 

the size class of 50,000-199,999, had an allocative utilization of about 5% and a payload 

utilization is about 22% in 2010. This is low compared to even the lower size class of 

LPG; in 2010, the allocative utilization for the 0-50,000 class size was 47% and had a 

payload utilization rate of 41%. The outlier values are affected by the availability of the 

data in that year. For example, the data with the highest EEOI values is only available for 

about 29 days in the year. 

As the technical efficiency (EEDI) improves with size due to economies of scale, we also 

present the EEOI for each ship type and size (by IMO size categorization). Figure 2 

shows the annual EEOI by DWT grouped by size for the bulk carriers in the sample. A 

non-linear curve fitted to the data shows that when outliers are excluded, DWT explains 

46% of the total variation in the EEOI, as defined by the coefficient of determination or 

R
2
. The R

2
 produced from the model ὉὉὕὍψρυὈὡὝȢ  is an estimate of how 

much variation in EEOI is explained by DWT in the data sample and can be used as a 

measure of the goodness of fit to the data. A higher R
2
 indicates a better fit, with 100% 

representing the regression line that perfectly fits the data. As predicted, DWT does not 

explain even half of the variation in the EEOI. This highlights the importance of 

examining the operational or logistics factors driving variation in EEOI values. 

                                                        
5 Allocative utilization is the ratio of days laden to total sailing days.  
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Figure 2 Annual EEOI and DWT for Bulk carrier by size 

Figure 3 shows the distribution of annual EEOI for bulk carriers by size class between 

2008-2013. This data was the most complete of the ship types in the study and will 

therefore be highlighted more in the report to explain the drivers of EEOI. The figure 

shows that the EEOI is monotonically decreasing in size, ranging between 5.74 for the 

largest size class (200,000+ DWT) and 13.42 (10,000-34,999) gCO2/t.nm. Although size 

clearly does influence the EEOI values, the boxplots
6
 show that there is variation within 

each size class. Section 6 will decompose the EEOI into sub-indices in order to explain 

the factors driving variation in these values. 

 

 

                                                        
6 On each boxplot, the central mark is the median, the edges of the box are the 25th and 75th percentiles, the 
whiskers extend to the most extreme data points not considered outliers, and outliers are plotted individually. 
For example, the median value for carriers of 200,000+ DWT is 5.74. The mean is also plotted as a green 
diamond. 
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Figure 3 Annual EEOI bulk carrier by size 

4.2 Variants of annual EEOI  

Variants of the annual EEOI are also calculated for all ships in the database and all years, 

on a óper-shipô basis. These variants include: 

¶ The contribution of loaded, ballast and port EEOI per voyage 

¶ The laden voyage EEOI presented as a rolling average alongside the annual EEOI 

 

Figure 4 shows the annual, voyage, and rolling average EEOI for a bulk carrier ship of 

size 5 (100,000-199,999). Appendix A.5 shows the same type of plot for all ships. The 

laden and ballast EEOI are of similar magnitude, with the exception of 2012, when the 

ship incurred a higher laden EEOI than ballast EEOI, reaching a value of nearly 6 

gCO2/t.nm. This is driven by a lower payload utilization of about 42%. 

Section 2 showed that the EEOI can be broken into sea EEOI, consisting of the fuel 

consumption when a ship is sailing divided by transport work, and port EEOI, which is 

the fuel consumption when a ship is in port divided by transport work. The data shows 

that port EEOI represents a significantly smaller share, only accounting for 7% of EEOI 

because a ship is relatively stationary when in port and thus consumes a small proportion 

of total annual fuel consumption.  
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Figure 4 Variations of EEOI, voyage EEOI and rolling average for bulk carrier ship 

Also presented in Figure 4 is the laden EEOI of individual voyages, which measures the 

fuel consumption on an individual voyage divided by the transport work performed for 

that voyage. The rolling average takes the average of 3 consecutive voyages. These 

numbers can be volatile, especially notable in 2012. The points which show high 

increases in the laden EEOI can be explained by a low cargo value compared to other 

observations. In particular, for the highest value of laden EEOI in 2012 (5.91 gCO2/t.km), 

the payload utilization for that specific voyage is about 42%, a low value compared to an 

average of 91%. In addition, there are more laden voyages in 2012 which explains why 

the annual EEOI is lower compared to the other years. 

4.3 Emissions, distance, service hours 

We calculated the emissions, fuel consumption by type, distance travelled, and service 

hours per ship. Figure 5 illustrates the CO2 emissions, fuel consumption, distance 

travelled, and hours of service for the same bulk carrier represented in Figure 4. 

Appendix B provides a similar plot for all ships. This ship has sufficient data coverage, as 

seen by the minimal ñoutò area or data that was excluded from the EEOI calculation. The 

average annual proportion of emissions in laden is 49%, compared to 44% for ballast, and 

7% in port. HFO contributes the most to fuel consumption compared to MDO, averaging 

annually 94% over 2008-2013 period.  

The hours spent in port are much higher than the emissions in port because of the low 

amount of fuel consumption burned in port due to their relatively stationary position. A 
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similar result can be seen for the other ships in the sample
7
, which justifies our focus on 

EEOI at sea as the main contributor to total carbon emissions.  

 

Figure 5 Emissions, fuel consumptions, distance travelled and hours of services for ship 

ID 81 

 

  

                                                        
7 The annual average proportion of port emissions for ships in the sample is about 9% 
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4.5 Tabular results per year for all ship types and sizes 

 

Table 4 Results year 2008 

Type Size Size 

sample 

Mean dwt Mean 

days at 

sea 

Mean at 

sea speed 

EEOI (gCO2/t.nm) Median 

allocative 

utilization  

Median 

payload 

utilization  

Mean 

transport 

work per 

ship 

   (tonnes)   (knots) Median Lower 

quartile  

Upper 

quartile  

(%)  (%)  billion t.nm  

            
Bulk carrier  35000-

59999 

1 53505 118 13.75 11.66 11.66 11.66 57.4 86.4 1.04 

Bulk carrier  60000-

99999 

1 76588 98 19.30 8.06 8.06 8.06 43.4 87.6 

1.32 

Bulk carrier  100000-

199999 

9 174843 118 14.21 8.30 7.25 9.86 41.0 95.4 

2.68 

LPG  0-49999 4 18135 112 14.63 65.41 44.20 107.76 41.9 62.9 0.19 
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Table 5 Results year 2009 

Type Size Size sample Mean dwt Mean 

days at 

sea 

Mean at 

sea speed 

EEOI (gCO2/t.nm) Median 

allocative 

utilization  

Median 

payload 

utilization  

Mean 

transport 

work per 

ship 

   (tonnes)   (knots) Median Lower 

quartile  

Upper 

quartile  

(%)  (%)  billion 

t.nm 

            

Bulk carrier  35000-

59999 

2 53459 75 13.65 11.644 10.9804 12.3068 58.16 92.13 .70 

Bulk carrier  100000-

199999 

11 175625 89 14.02 7.50 6.58 8.11 49.00 97.50 2.28 

LPG  0-49999 10 11910 91 13.95 115.58 63.98 144.38 46.44 43.81 0.08 
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Table 6 Results year 2010 

Type Size Sample 

size 

Mean dwt Mean 

days at 

sea 

Mean at 

sea speed 

EEOI (gCO2/t.nm) Median 

allocative 

utilization  

Median 

payload 

utilization  

Mean 

transport 

work  

per ship 

   (tonnes)   (knots) Median Lower 

quartile  

Upper 

quartile  

(%)  (%)  billion t.nm  

            

Bulk carrier  10000-

34999 

3 33353 44 13.45 14.36 13.50 18.04 71.6 93.2 0.3 

Bulk carrier  35000-

59999 

4 54998 86 13.71 13.36 10.59 14.85 55.3 91.3 0.8 

Bulk carrier  100000-

199999 

13 175649 112 14.22 7.65 7.12 8.59 47.3 93.1 2.6 

Bulk carrier  200000-+ 1 205097 88 14.36 7.12 7.12 7.12 49.5 86.6 2.7 

Container 2000-2999 6 33607 235 17.47 30.22 27.04 33.73 100.0 70.0 2.3 

LPG 

0-49999 11 9157 115 13.65 146.57 96.42 157.40 47.0 40.6 0.1 

LPG 

50000-

199999 

1 64220 29 12.94 1428.24 1428.24 1428.24 5.8 22.7 0.0 

Oil tanker  120000-

199999 

3 154784 81 11.22 11.99 10.32 16.71 52.6 82.9 1.5 

Oil tanker  200000-+ 1 315981 215 2.70       0.0   0.0 
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Table 7 Results year 2011 

Type Size Sample 

size 

Mean dwt Mean 

days 

at sea 

Mean at 

sea speed 

EEOI (gCO2/t.nm) Median 

allocative 

utilization  

Median 

payload 

utilization  

Mean 

transport 

work  

per ship 

   (tonnes)   (knots) Median Lower 

quartile  

Upper 

quartile  

(%)  (%)  billion 

t.nm 

            

Bulk carrier  10000-34999 13 33355 74 13.24 14.22 12.93 16.64 79.5 77.6 0.5 

Bulk carrier  35000-59999 4 54998 135 13.33 12.80 11.14 15.62 57.8 81.1 1.1 

Bulk carrier  100000-199999 15 176128 105 12.81 6.63 6.17 7.43 48.4 95.4 2.5 

Bulk carrier  200000-+ 1 205097 230 13.05 6.63 6.63 6.63 49.8 86.4 6.4 

Chemical tanker 10000-19999 2 14583 160 10.07 50.07 46.16 53.98 79.0 51.2 0.2 

Container 1000-1999 2 15016 150 15.00 56.99 55.86 58.12 100.0 70.0 0.6 

Container 2000-2999 7 33582 249 16.97 29.44 26.46 32.64 100.0 70.0 2.4 

LPG 

0-49999 11 9134 120 13.28 145.47 98.92 160.74 47.0 41.5 0.1 

LPG 

50000-199999 1 64220 3 11.74       0.0         NaN 

Oil tanker  120000-199999 11 155606 141 11.68 10.27 9.24 13.10 41.5 84.3 2.1 

Oil tanker  200000-+ 1 298969 91 10.02 413.48 413.48 413.48 1.2 39.7 0.0 
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Table 8 Results year 2012 

Type Size Sample 

size 

Mean dwt Mean 

days 

at sea 

Mean at 

sea speed 

EEOI (gCO2/t.nm) Median 

allocative 

utilization  

Median 

payload 

utilization  

Mean 

transport 

work  

per ship 

   (tonnes)   (knots) Median Lower 

quartile  

Upper 

quartile  

(%)  (%)  billion 

t.nm 

            

Bulk carrier  10000-34999 15 33369 119 12.38 12.33 10.80 14.86 79.5 72.5 0.7 

Bulk carrier  35000-59999 4 54998 130 13.01 12.32 11.41 14.06 75.1 69.6 1.1 

Bulk carrier  100000-

199999 

19 176692 112 12.51 6.44 5.84 7.46 47.3 93.9 2.1 

Bulk carrier  200000-+ 3 205143 122 11.66 5.74 4.51 6.46 51.8 97.7 3.4 

Chemical tanker 10000-19999 2 14583 120 8.95 66.83 33.68 99.99 70.2 58.5 0.2 

Container 1000-1999 3 16702 128 15.19 46.21 32.64 49.67 100.0 70.0 0.5 

Container 2000-29999 5 33641 231 15.60 23.10 21.37 31.14 100.0 70.0 2.0 

LPG 

0-49999 3 12044 1 12.98 61.66 61.66 61.66 0.0 47.0 0.0 

LPG 

50000-199999 1 54155 3 15.67       0.0          NaN 

Oil tanker  120000-

199999 

7 155693 141 11.84 8.22 7.72 14.46 41.9 83.4 2.0 
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Table 9 Results year 2013 

Type Size Sample 

size 

Mean dwt Mean 

days at 

sea 

Mean at 

sea speed 

EEOI (gCO2/t.nm) Median 

allocative 

utilization  

Median 

payload 

utilization  

Mean 

transport 

work  

per ship 

   (tonnes)   (knots) Median Lower 

quartile  

Upper 

quartile  

(%)  (%)  billion 

t.nm 

            

Bulk 

carrier  

10000-34999 15 33369 66 11.59 13.15 11.59 16.06 72.6 81.1 0.4 

Bulk 

carrier  

35000-59999 4 54998 74 11.78 8.97 8.83 9.75 80.3 76.2 0.7 

Bulk 

carrier  

100000-

199999 

16 176248 82 11.95 6.62 5.86 7.23 42.9 93.3 1.6 

Bulk 

carrier  

200000-+ 2 205167 152 11.06 5.03 4.84 5.21 46.4 97.8 3.8 

Container 1000-1999 2 15016 86 14.07 51.02 42.35 59.69 100.0 70.0 0.3 

Container 20000-2999 7 33582 139 15.76 25.94 24.15 27.66 100.0 70.0 1.2 

Oil 

tanker 

120000-

199999 

9 155562 114 10.29 11.53 8.48 12.77 43.1 77.2 1.1 
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Table 10 Results year 2014 

Type Size Sample 

size 

Mean dwt Mean 

days 

at sea 

Mean at 

sea speed 

EEOI (gCO2/t.nm) Median 

allocative 

utilization  

Median 

payload 

utilization  

Mean 

transport 

work  

per ship 

   (tonnes)   (knots) Median Lower 

quartile  

Upper 

quartile  

(%)  (%)  billion 

t.nm 

            

Oil tanker  120000-199999 10 154063 9 11 6.27 5.43 35.66 0 89.97 0.10 

Oil tanker  200000-+ 3 307339 6 10       0   0.00 
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5. Comparison studies analysis 

 

To prepare for the imminent EU MRV legislation, a number of studies have been 

undertaken to measure operational energy efficiency using ship owner or vessel tracking 

data. In this section, we compare our results to the following studies that had comparable 

ship types
8
: 

Á Marin, 2014: Towards a realistic CO2-MRV model for merchant shipping. MRV 

study performed for the Dutch merchant fleet  

Á Intertanko, 2013: Report from the ISTEC/Environmental committee joint working 

group on MRV (JWG/MRV).  

Á Kristensen, 2013: Experience with Energy Efficiency Operational Indicators 

(EEOI) Seen in the Light of MRV. Danish Shipownersô Association. 

Á MEPC 68/INF.29. (2015): Empirical comparative analysis of energy efficiency 

indicators for ships.  

Á MEPC 68/INF.24. (2015): The Existing Shipping Fleetôs CO2 Efficiency. 

 

Figure 6 shows a comparison of fuel consumption/nautical miles for a container ship as 

reported in Marin (2014).  In 2013, this indicator decreased to approximately 40% of its 

2012 value (decreasing even further into 2014).  In addition, the standard deviation as a 

percentage of the mean is plotted. The large standard deviations indicate that the mean 

values have little statistical meaning (Marin, 2014) and high variability on a day-by-day 

basis. We compare the results of the Marin study of a single containership to our data 

from this study. We plot a single container (bottom-left Figure 6) and all containerships 

in the data sample at top of Figure 6. The data from this study for both the single 

containership and the average for all containerships show very little change in fuel 

consumption per unit distance over the period (2010 through to mid 2013), which 

contrasts with the Marin studyôs dataôs steady decrease. The explanation is likely to be 

that the ship which the Marin study is describing experienced significant changes to its 

technology or operation (e.g. slow steaming) between 2012 and late 2014, whereas this 

studyôs containerships did not. The standard deviation for the individual ships studied 

(both in the Marin study and the sample used from this study) is less than the standard 

deviation of the combined containership fleetôs data, which implies that the variability of 

one shipôs operation is greater than the variability across the fleet of ships in this study.   

                                                        
8 In some studies, the EEOI was not calculated for the ship types in our study. In these cases, we compared 

our data with the metric used in the published study.  
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In combination, these comparisons indicate that the global fleet of a given ship type/size 

was not modified in the same way over the period (there is some variation from one 

owner/operator to another), as well as showcasing the efficacy of the fuel/dist indicator 

for detecting basic trends in performance. 

 

 

Figure 6 Comparison with MARIN study. Top: All containership data in the RBSA 

sample; bottom left a containership in the sample; bottom right Marin study fig.7 data 

from a container 
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Figure 7 compares the data in our study for oil tankers to data provided by Intertanko 

members (Intertanko, 2013). While the EEOI decreases as DWT increases, CO2/distance 

increases as DWT increases.  

 

      

 

 

Figure 7 Comparison with INTERTANKO study. Top EEOI and CO2/distance from 

INTERTANKO presentation JWG/MRV at Hellenic Mediterranean Panel 2013; bottom 

EEOI and CO2/distance from our data sample for all tankers. 

Generally, this studyôs fleet contains a number of small tankers (below 32,000 DWT) for 

which there are no equivalents in the INTERTANKO sample. There is only one size class 


