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Abstract

This paper explores the determinants of the Endifficiency Operational Indicator
(EEOIY) by decomposing the indicator into simolices that reflect the technical
characteristics and logistics of shigge examine these subdices by first constructing a
model that mathematically describes the comptmémt comprise the EEOI. A panel
dat aset of shipsdé fuel consumption paramet e
these subndices. We find that there ia relationshipbetween technical efficiency
(EEDI) and EEOI across different ship sizes, but there is a wide dispefsigROl
valueswithin a ship size class. This can be explained by the variation in logistics factors
with little evidence of correlation between EE&1d 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 characteritit®e o
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
reatworld operational data to reflect actual operational conditiond, ianomplete
quantification of technical versus operational efficiency characteristics. Many of these
objections are wellounded, due to the generally poor quality of data describing the
existing fleet of ships and the widanging parameters that influsm the performance

and therefore efficiency of ships in their elayday operation (as opposed to an artificial
6cal mé sea or acceptance trial).

Increasing the motivation fa more comprehensive analysis of energy efficiency is the
ongoing debate aboubhw s hi ppingés air pollution and gr

1 The EEOI is the total carbon emissions in a given time period per unit of revenueniilesg lower EEOI means a
ship is more energy efficient in its operations.



be regulated. In January 2013, the EEDI (Energy Efficiency Design Index) came into
force, requiring all netwild ships to meet a minimum energy efficiency standard. In the
same regulation anre the SEEMP (Ship Energy Efficiency Management Plan)
recommends the use of the EEOI (Energy Efficiency Operational Indicasora
measurement of the energy efficiencyegfsting ships.

The EEO] or annual fuel consumption divided by transport wedq be considered as
the annual averagearbon intensityof a ship in its real operating conditiaiaking into
accountactual speeds, draughts, capacity utilization, distance travelled, and the effects of
hull and machinery deterioration and weath&though 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 iargCO2/t.nm. The USnergy efficiency
indicatoris measured ifoules/hourand theréore is moredefensibly energy efficiency
becausdahe numerator isneasurd in joulesof energy.Despite these differences,the

fuels aresimilar in carbon content then the CO2 and joslesuld be consisterso that
carbon intensity is proxy for enggy efficiency.On the other hand, a ship that consumes
LNG would differ in energy content compared to one using HFO and therefore a
correcton would need to be applidgdr the relative carbon and energy intensities of the
fuel beforetheir energy efficieng can be comparedror the rest of the reponive will

refer to the EEOI as an energy efficiency indicator, except in Sectiwwhegd)the merits

of carbon intensitarediscussedh light of alternative indicators proposed at the IMO

The EEOI andthe dataand methodsassociatedvith it were originally conceived for
policy purposesgvidenced by thdeuropean Commissi@dngropasal 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 betterrstaghel the drivers of the
proposed Energy Efficiency Operational Indicator (EEQI) in order to prepare themselves
for future environmental regulatiomiscussions at the IMO indicate that such MRV
initiatives could serve as initial phases toward eventualsen ship fleet efficiency
standards

The collection of fuel consumption data, as required by the MRV policy, has lead to
speculatiorabout howthe EEOI could be extendeddther regulabns or for commercial

purposesOne of the commonly cited barriems 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 charter@glojon & Smith, 2014) Although there is publicly

available datahat approximates the technical efficiency of a ship when it is built, the
efficiency of a ship in its designed condit.i
technical efficiency because the formula (EEDI) makes assumptdesit parameters

2 The EEDI is measuredhe design speed, and the specific fuel consumption



that determine efficiency. Furthermore, as a ship ages, the specific parameters that
determine its fuel consumption change over time due to a grdétaliorationof the

hull 6s surface and fouling due to marine gr
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 shipowners measure fuel consumption and cargo information, it is not known
to what extat this data is used for improving operatioAs.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, betiprestimates of shipping
emissionge.g., those used by the IMO and other groups) can potentially lack credibility
or sources of validation.

Industry groups have sought to address these failimgisiding workundertaken already

by the RBSA. In 2009 the RBSA collaborated with theFlemish Institute for
Technological Research (VIT@) create a study otine Energy Efficiency Operational
Indicator. The purpose of the study was to identify the gaps in the interim guidelines
(MEPCI/Circ. 471) developed within the IMO to determine the EEOI. ihdex 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 208& the

EEOI is an aggregate number, it is difficult to disentangle the influencthesie
confounding factorsTherefore adatabase was established in order to determine the
contributionof factors such aballast voyages and port tinte theindex due for each
individual ship. The main message of #tedywas that breaking down the basormula

leads to better transparency of the causes of variation of the &ftDhay help to
improve operational and environmental performance for ship operators.

This paper further studies thdrivers of the mdicatorby carryingout a series of analyses

on a set of ownereported 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 RBSAOG swilldecongposéhe EHOI ietesidmdicest he st u
(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,
liguefiedpetroleumgasand oil tanker saors over the period 2068014,in which there

was variation irmarket factors such as fuel prices and frergkgés. These market factors
haveinfluenced the way in which the ships were operaieduding thespeed and the
employment opportunities avail@&and undoubtedihas cascadeé into changes in the
EEOI over time A number of other operational energy efficiency indicators have been
proposed by member states of the IM@light of theseother efficiency indicatorghe
analysis will alsocompare theEEOI to alternative energy efficiency indicatoihe
experience of computing the EEOI halsonot been weldocumented. This paper will



shed light on the process and challenges of calculating the EEOI, as well as the
uncertainty in the estimates calcelat

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 technicatiefficy of a ship at a given point in
time. A full derivation of the equations used is contained in Appendix A.1.

The annualEEOI, orannualtotal carbon emissiondivided by transport work, can be
considered as the annual average efficiency of a shipsine#ll 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 isBE®I (IMO
MEPC.1/Circ.684, 2009):

(1)
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where:

A i =the voyage

A j = the fuel type

A "O=the amount of fuel consumed for the voyaged fuel typg
A 6 = the carbon factor for fuel tyge

A @& =cargomass of voyage

A 'O = distance travelled in loaded voyage

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 indicai#T() can be
defined as the rergy efficiency (gC@tonnenautical mile) of a ship in a reference
operating condition (speed and draught):
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where:

A & =the average carbon factor of the fuel used



A O =thedaily fuel consumption at a reference speed and draught
A 0 = the reference spe&d
A 'O ¥ the deadweight tonnage of a ship

TheEETIi s a shipbds estimated technical ef fici
specific point in time, whereas tHeEDI (gCOy/t-n m) is the shipbs dec
efficiency at the start of its life and under specific EEDI assessment conditions.

Di fferences bet we e ncowddasgsh dup i foulitgEniddificaaiondf EE T |
technical specifications (such as réttmmg) or because the EEDI trial performance

cannot be recreated in real operating conditions.

The EEOI and the EETI, when estimated from
consumption and activity, are inextricably linked because they have overldpsinn

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 shipbdés EETI. This is wuseful hdsivera means
that each influence the overall val ue. As t
the technical efficiency contribution to the EEOI quantification, while three logistics

factors indicate the contribution of the specifics determining the 6 s commer ci a
operation (speed and utilization).
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where:

A Y N =the operating draught at passage or passage segment

A Y =the reference draught

A0 "=the average operating speed for a passage or passage se@naartical
miles/hour).

p = total number of passages or passage segments

'Q = the days a ship is sailing loaded during petiod

'Q =the days a sp is sailing ballast during periad

'Q = the days a ship is in port during period

& =the average cargo mass during petiod

U =the average loaded speed per Homrtime perioct

v v > D D D

3 The referencespeedmay or may not equal the design speed.



Equationq3) shows that it is possible to formulate EEOr EETIin 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 sid®:of (

———= the average payload utilization

= theallocative utilization or ratio of laden days to total operating days

= the speed and draught factor

The average payload utilization is always less than 1, the allocative utilizatiorois als
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 thandemonstrating slow
steaming.

In operation, a ship with a highdeETI value can offset this leer efficiency
disadvantage by obtaining a higher average payload utilization, allocative utilization,
speed factor, or some combination of these facks®xpected, this shows that tBEOI

is highly influenced by how a ship is commercially operatedd anly partially
influenced by the technical efficiency of the shijme 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 expliaigyng 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 companid® are members of the Royal Belgian
Shipowneré Association(RBSA). RBSA hasprovided spreadsheets of data supplied by
the shipowners. Where possible, other documentation such as noon oeorival and
departure repottias also be provided by RBSA.

Table 1describes the types of shifzs whichwe are able to analyzbe dataasfor some
shipsthe dataprovidedis not consistent or complete some ships had tee excluded A
filter has been applied that exclublevery year of a ship for which more than 30% of
voyages has not complete informatiorhe majority of the ships alyaed are bulk
carriers, accounting for 42% of the sample, followed by oil tankers (25%ljcaredied
petroleum gasarriers(23%).



Table1 Shipssample

IMO Original . .
Ship type/size IMO size range s1ze number Ships % ships
categ . analyzed | excluded
ary of ships
Bulk carrier (dwt) 58 43 26%
(1000034999) 2 15
(3500059999) 3 4
(6000699999) 4 1
(100000199999) | 5 20
(200000+) 6 3
Chemical tanker (dwt) 2 2 0%
(1000619999) 3 2
Container (TEU) 10 10 0%
(20001999) 2 3
(20002999) 3 7
Liquefied petroleum (cbm) 24 17 20%
gas
(0-49999) 1 15
(50000199999) |2 2
Oil tanker (dwt) 30 22 27%
(120000199999) | 7 17
(200000+) 8 5
Grand Total 94

The data is munbalanced panel of individual ships over time because not all ships are
reported in each year over the period 22084.

Table 2showsthe representation ahipsby year in the sampl&here is data for bulk
carriers inyears 2008013 while data was not available for several years for each of the
other ship type the dataset



Table2 Number of Bips in the data sampley 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

I n order to obtain additional i nformation

(deadweight age,installed power, Specific Fuel Oil Consumptiand reference speed

data was taken fror@larkson Research Services, by matching the IMO number provided

by each ¢ omihia miprination calbowea us testimatethe shipd Energy

Efficiency Design IndexEEDI) using the formula provided in Germactier 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 calculationos

Table 3provides the summary statistics of the average technical specificatlwre 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.

Table3 Average technical specificatisnSource: Clarkson Research

Ship type Size range No. of | Mean Mean Mean Mean
ships age DWT design | EEDI
/IMO size speed
Bulk carrier (dwt) 43 6 109,372 14.48 5.44
2 (1000034999) 15 4 33368.93 | 14.03 9.15
3 (3500659999) 4 7 549975 | 14.73 5.53
4 (6000699999) 1 8 76588 14.40 3.98
5 (100000199999) | 20 8 176760.7 | 14.78 3.11
6 (2000006+) 3 3 205143.3




t(;?]izrica' (dwt) 2 13 145825 |13 16.309
3 (10000619999) | 2 13 145825 |13.00 | 16.31
Container (TEV) 10 8 251418 | 2052 | 14.88
2 (10001999 3 10 16701.67 | 1953 | 16.37
3 (20002999 7 6 33582 | 2150 |13.39
LPG (cbm) 17 15 35952.8 | 1553 | 12.66
1 (0-49999) 15 10 12718 | 1482 | 1811
2 (50000199999) | 2 21 591875 | 1625 |7.21
Oil tanker (dwt) 22 11 230798 15.48 2.73
7 (120000199999) | 17 12 154202.8 | 14.98 | 3.29
8 (200000+) 5 10 3073936 | 1598 |2.16
Grand Total 94 11 82,169 16 10

3.2 Data used to estimate the EEOI and subindices

We calculate thannualEEOI usingdetailed data on the fuel consumption of a ship and
revenuetonnemiles per sea passaggs also identified in the VITO studw(TO, 2009,

the format for reporting this detaaries by company; a sea passage could be defined as
starting from one port and ending in another porstarting at sea and ending at sea.
some cases, the sea passage is not specified. In this caksjwe¢he passagiFom two
temporal consecuwte records.

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

each companyollects data on fuel consumptioseparatelyfrom cargo information.

Therefore, the data had to be merged togetheroverview of the procedarand data

checking is described in AppendiA.2. Ea c h companyo6s data was
consistency of the parameters required for the calculation (distance sailed, speed, hours of
operation) and processeddbtain a standardized datasieat wasuniform for all ships

Thisinvolved extensive filtering, cleaning and checking of the.data

Thereare a number of missing fields in thenprocessediata. Wethereforeestimate
speed, distance or hours when at least two of the variapgeprovided. When all
varnables 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 A2.

10



Thereare a number of cases in which we could not calculate the H&Ga specific
voyage. For example, if thedl consumption per laden voyag&nown,but thedistance
for these voyageis missing and speed inzero, then we excluded this voyage from the
analysis to avoid overestimating the numerator without a corresponding-rtolese
statistic. These exclusion cases are described in AppendxFnally, theannual EEOI
was calculatedby aggregating the sepassages for which we have both valid fuel
consumption and revenue tormales 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 datalfaseach yea20082012) for
which there was valid dat&igure 1shows an overview of the annual EEOI in relation
with the DWT for each ship tyfe

Annual EEOIl and DWT by ship size
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Figure 1 Annual EEOI and DWT grouped by ship type

The variationin annual EEOI for each ship type varié®r example for large bulk
carriess the annual EEOI varies betweenadd 20 gCGOy/t.km, while the variationin the
EEOI for smaller bulk carrieris wider, between @nd40 gCGOy/t.km. The results are
shown inFigurel for eachshipgrouped by ship typéNote that the same ship will appear
multiple times if data is available on the ship for multiple yelirean be seen that the
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relationship between size (measured in DWT) and operational efficiency is not obvious
given the wide dispersion of values for ships of a similar @z@gher EEOI means the
ship is less efficient).

Figure 1 also shows there are several notable out{BEserally high EEOlvaluesare
often the result of a very loallocative utilization and payload utilizationFor example

the highestannual EEOValue (1428 gCQO,/t.km) was from the LPG ship typ&hich for

the size class of 50,0a199,999, hadmaallocative utilizationof about 5%and apayload
utilization is about 22%n 201Q This is low compared to even the lower size class of
LPG; in 2010, the allocate utilization for the 650,000class size was 47% and had a
payload utilization rate of 41%. The outliealues areaffectedby theavailability of the
data in that yealFor examplethe data with the higheBEOI values is onlyavailable for
about29 daysn theyear.

As the technical efficiency (EEDI) improves with size due to economies of scale, we also
present the EEOI for each ship type and glae IMO size categorization)Figure 2
shows the annual EEOI by DWT gmed by size fothe bulk carries in the sampleA
nortlinear curve fitted to the data shows thdten outliers are excluded, DWT explains
46% of thetotal variation in the EEQlas defind bythe coefficient of determination or
R?. The R produced from the mod& O 0 "Qp p@w"¥¥ T is an estimate of how
much variation in EEOI is explained by DWT in the data sampl# can be used as a
measure of the goodness of fit to the datdigher R indicates a better fit, withQD%
representing the regression line that perfectly fits the dataredicted, DWT does not
explain even halfof the variation in the EEOIThis highlights the importance of
examining the operational tagistics factorsdriving variation in EEOI values

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

Figure 3 shows the distribution of annual EEQbr bulk carriersby size class between
20082013 This data was the most complete of the ship types irstidy and will
therefore be highlighted more in the report to explain the drivers of ER®@Ifigure
shows that th&EOI is monotonically decreasing in size, ranging between 5.74 for the
largest size class (200,000+ DWT) and 13.42 (1620099) gCQ@'t.nm. Although size
clearly does influence the EEOI values, the boxplsi®w that there is variation within
each size clas$ection 6 will decompose the EEOI into dndices in order to explain
the factors driving variation in these values.

6 On each boplot, 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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Bulk carrier EEOI distributions (2008-2013)
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Figure 3 Annual EEOIbulk carrier by size

4.2 Variantsof annual EEOI
Variantsof the annual EEOI aralso calculated for all ships in the database and all years,
on askbippd basantsincludehese var.

1 The contribution of loaded, ballast and port EEOl\ymsrage
1 The ladernvoyage EEOI presented as a rolling average alongjsédannual EEOI

Figure4 shows the annual, voyage, and rolling average EEOI for a bulk carrier ship of
size5 (100,000199,999) Appendix A.5 shows the same type of plot for all shipse

laden and ballast EEOI ao# similar magnitudewith the exception of 2012, when the
ship incurred a higher laden EE@an ballast EEOI, reaching value of nearly 6
gCQy/t.nm.This is driven by a lower payload utilization of about 42%.

Section 2 sheed 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 EEOlrepresents a significantgmallershare only accounting foi7% of EEOI
because a ship is relatively stationary when in port and thus consumes a small proportion
of total annual fuel consumption

14



ship ID 81 Bulk carrier size 5
8 T T T T

[ laden
[N ballast
--| [ port
—© laden EEQI
rolling avr

gCO2#t*miles

2008 2009 2010 2011 2012 2013

Voyage End Date
Figure 4 Variations of EEOI, voyage EEOI and rolling averagelfatk carrier ship

Also presentedh Figure 4is the laden EEO®f individual voyageswhich measures the
fuel consumption on an individual voyage divided by the transport work performed for
that voyage. The rolling averagéakes the average & consecutivevoyages These
numbers can beolatile, especiallynotablein 2012. The pointswhich show high
increases in the laden EEOI can be explained by a low cargo e@hgared to other
observationsin particular, for the highest valug laden EEOIn 2012(5.91gCGOy/t.km),

the payload utilizatioror that specific voyages about 42%a low valuecompared to an
average of 91%n addition there are more laden voyages2012which explairs why

the annual EEGk lowercompare to the other years

4.3 Emissions, distance, service hours

We calculatd the emissions, fuel consumption by type, distance travediedservice
hours per shipFigure 5 illustrates the C@ emissions, fuel consumption, distance
travelled, and hours of service for the same bulk came@resented in Figurd.
Appendix B provides a similar plot for all ships. This ship $#fficientdata coverage, as
seen by t he mirdatataawas dkaduded romahe EEOI calculatidine
average annual proportion of emissiam$adenis 49%, compared td4% for ballast, and

7% in port. HFO contributes the most to fuel consumption compared to MDO, averaging
annually94% over 2008013 period.

The hours spent in port are much higher than the emissignsrt because othe low
amount of fuel consumption burned in port daeheirrelatively stationaryposition A

15



similar result can be seen for the other ships in the sdmyéch justifies air focus on
EEOQI at seas tle maincontributorto total carboremissions.

x10* Emissions Ship 1D 81 Fuel consumption
12000
10000
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O i
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£ g
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10000
[ laden
8000 | | I ballast
6 [ port
” 6000 I out
Dy (4
S =
4000
. 2000
0
200820092010201120122013 200820092010201120122013

Figure 5 Emissionsfuel consumptions, distance travelled and hours of services for ship
ID 81

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

Table4 Results year 2008

60006 76588 19.30
99999 1.32
0-49999 18135 14.63 65.41 44.20 107.76
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Table5 Results year 2009

100006 175625 14.02 49.00 97.50
199999
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Table6 Results year 2010

35000 54998 13.71 13.36 10.59 14.85
59999

200000+ 205097 14.36

0-49999 11 9157 13.65 146.57 96.42 157.40 47.

120000 154784 11.22 11.99 10.32 16.71
199999
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Table7 Results year 2011

3500659999 54998 13.33 12.80 11.14 15.62

200000+ 205097 13.05

10001999 15016 15.00 56.99 55.86 58.12 100.0

0-49999 9134 13.28 145.47 98.92 160.74

120000199999 11 155606 11.68 10.27 13.10
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Table8 Results year 2012

- (tonnes) (knots) Median Lower Upper (%) (%) billion
quartile quartile t.nm
[ ]
_ 1000034999 15 33369 119 12.38 12.33 10.80 14.86 79.5 72.5 0.7
_ 3500059999 4 54998 130 13.01 12.32 11.41 14.06 75.1 69.6 1.1
- 100000 19 176692 112 12.51 6.44 5.84 7.46 47.3 93.9 21
199999
_ 200000+ 3 205143 122 11.66 5.74 451 6.46 51.8 97.7 3.4
_ 1000019999 2 14583 120 8.95 66.83 33.68 99.99 70.2 58.5 0.2
_ 10001999 3 16702 128 15.19 46.21 32.64 49.67 100.0 70.0 0.5
_ 200029999 5 33641 231 15.60 23.10 21.37 31.14 100.0 70.0 2.0
- 0-49999 3 12044 1 12.98 61.66 61.66 61.66 0.0 47.0 0.0
- 50000199999 1 54155 3 15.67 0.0 NaN
- 120000 7 155693 141 11.84 8.22 7.72 14.46 41.9 83.4 2.0
199999



Table9 Results year 2013

3500059999 4 54998 11.78

200000+ 205167 11.06

200062999 33582 15.76 25.94 24.15 27.66 100.0

22



Table10 Results year 2014

- 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 numbérstudies have been
undertaken to measure operational energy efficiency usingslmpr or vessel tracking
data. In this section, we compare our resulthéofollowing studies that hatbmparable
ship type&

A Marin, 2014:Towards a realistic COGRIRV model for merchant shipping. MRV
study performed for the Dutch merchant fleet
A Intertanko, 2013Report from the ISTE@&nvironmental committee joint working
group on MRV (JWG/MRV).
A Kristensen, 2013:Experience with Energy Efficiency Operational Indicators
(EEOI') Seen in the Light of MRV. Dani sh S
A MEPC 68/INF.29. (2015)Empirical comparative analysis of energy efficiency
indicators for ships.
A MEPC 68/INF.24. (2006The Exi sting Shipping Fleetos

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

reported in Marin (2014). In 2013, this indicator decreased to approximatelyp#i8o

2012 value (decreasing even further into 201K) addition, the standard deviation as a

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

values have little statistical meaning (Marin, 2044yl high variability on a dalgy-day

basis We compare the results of the Marin study of a single conshipeio our dah

from this study We plot a single container (botteleft Figure § and all containetsps

in the data sample at top &igure 6 The data from this study for both trsengle

containeship and the average for all containerships show very little chandeein

consumption per unit distance over the period (2010 through to mid 2013), which
contrasts with the Marin studyés databds ste
that the ship which the Marin study is describing experienced significant chaniges

technology or operation (e.g. slow steaming) between 2012 and late 2014, whereas this
studydés containerships did not. The standar
(both in the Marin study and the sample used from this study) is lesshihatandard
deviation of the combined containership f1l et
one shipbs operation is greater than the var

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 theagltbeet 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.

Voyage data from all containers
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Figure 6 Comparison with MARIN study. Top: All contain@gs data in the RBSA
sample; bottom left a contairghip 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 provgddtertanko
members (Intertanko, 2013)hile the EEOI decreases as DWT increasesy/diftance

increases as DWT increases.
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Figure 7 Comparison with INTERTANKO study. Top EEOI and COZ2/distance from
INTERTANKO presentation JWG/MRV at Hellenic Mediterranean Panel 2013; bottom
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