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1 1 Introduction

CHAPTER 4

Bunker costs in container liner shipping

Are slow steaming practices reflected in maritime fuel surcharges

Pierre CARIOU and Theo NOTTEBOOM

Abstract

Slow steaming has been implemented by the main liner shipping companies since
2008 The reduction in vessel speed affects fuel consumption and should be reflected
within the fuel surcharges paid by shippers This article assesses if this was the case for
the main outbound European container trades from the port of Antwerp Through an
extensive analysis of liner service characteristics fuel costs and fuel surcharges this
paper provides an answer to three research questions a How significant are slow
steaming practices in container liner shipping b What is the impact of slow
steaming on fuel consumption and liner service characteristics and c To what
extent has slow steaming changed the relation between fuel costs and fuel surcharges
imposed on shippers by shipping lines

Slow steaming or the reduction in the sailing speed of maritime vessels has become
an increasingly common practice in container liner shipping as the amount and unit
size of available vessel capacity rises and the price of fuel increases Alphaliner 2010a
Slow steaming can help to absorb vessel overcapacity as a slower commercial speed
will require more vessels to maintain the same service frequency per liner service
Slow steaming has also proven to be an effective way to save on fuel costs and to
restore liner shipping company profitability Slow steaming is also claimed to reduce
environmental emissions by ships at sea Kollamthodi et al 2008 Buhaug et al 2009
Corbett et al 2009 Cariou 2011 Faber et al 2010 However slow steaming
practices added a new source of contention between shippers and ship owners
regarding fuel surcharges known as Bunker Adjustment Factor or BAF implemented by
shipping lines since 1974 Menachof and Dicer 2001143 Shippers organizations
such as the European Shippers Council have objected for years that the way BAFs are
determined is opaque without uniformity and involves a significant element of
revenue making ESC 2003 20 ESC 200620 The anticompetitive effect of BAF was
already subject to studies shedding light on a tendency of BAF of amplifying bunker

prices rises Cariou and Wolff 2006 Meyrick and Associates 2008 impacting
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negatively consumers prices Karamychev and van Reeven 2009 and on the fact that
a combination of decreasing freight rates and fuel costs provide incentive to shipping
lines to stall the downward correction of the BAFs Cariou and Notteboom 2011 Slow

steaming added an additional dimension to the question whether fuel surcharges are a
revenue making instrument to shipping lines or only about cost recovery of incurred
fuel costs

This article adds to former studies in incorporating the impact from slow steaming It
investigates if slow steaming practices on major trade lanes are reflected within the
BAFs charged to shippers by shipping lines The paper addresses the follow research
questions

How significant are slow steaming practices in container liner shipping
What is the impact of slow steaming on fuel consumption and liner service
characteristics

To what extent has slow steaming changed the relation between fuel costs and fuel
surcharges imposed on shippers by shipping lines

To answer these research questions this paper presents first how fuel surcharges are
set up by shipping lines Section 3 presents a methodology for estimating the impact of
slow steaming on the average fuel consumption of containerships and consequently
on BAF Section 4 applies the methodology to 618 vessels deployed in 104 services
sailing fromto Europe in January 2010 and provides a comparison with 2008 the pre
slow steaming era Section 5 presents the results of a BAF vs fuel costs analysis for 90
0D relations using Antwerp as port of departure Section 6 provides the conclusions
and explores avenues for further research

2 1 Fuel surcharge practices since 2008

The application of fuel surcharges in liner shipping dates back to the liner conference
era Notteboom and Cariou 2011 In principle carriers cover basic bunker costs while
fuel surcharges only apply to changes above a certain level Fuel surcharge practices
have considerably evolved since the withdrawal in October 2008 of the European liner
conferences block exemption Regulation 405686 Their dismantling meant that
container shipping lines calling at European ports were banned from collectively
setting freight rates and other additional surcharges such as bunker and currency
surcharges and from publishing common tariffs In doing so this reduced the
commonality amongst pricing structures and surcharges that existed before with
freight rates and surcharges being negotiated directly between shippers and ship
owners and with container lines using sometimes diverging calculation methods for
determining fuel surcharges

Despite these changes guidelines still exist and are geared mostly for small shippers

For instance Maersk Line published in early 2008 a formula for determining its BAFs
with the aim of creating more transparency Maersk Line BAF calculator 2010 The
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formula known as Maersk Line BAF Calculator builds on two components Bunker
price changes in t x Trade specific constant so that

BAFBunker Price BasexConsumptionreudnTimed Factor

Bunker price change is extracted from the difference in t between a representative
basket of prevailing bunker prices in a specific trade BP and a predefined Bunker
base element for a trade Base or normal bunker cost already included in the freight
rate The trade specific component is function of the consumption in metric
tonsTEUday of a representative vessel a transit time in days and an imbalance
factor To provide an example from Maersk Line BAF calculator for a 20 foot dry
container exported from Belgium to China outbound in November 2010 the
reported BP was 435 USDton the Bunker base element equaled 65 USDton the
vessel consumption is 00256 mtTEUday the transit time 356 days and the trade
imbalance equal to 05 It led to a BAF of2x43565x00256x365x05345 USD to be
paid for each FEU a value close to the one retrieved from CMACGM online BAF
calculator 370 USDFEU

DelmasOTAL part of CMACGM group indeed also developed since September 2008
its own BAF formula following the dismantling of the Europe West Africa Trade
Agreement EWATA Similarly an average reference fuel oil price fuel oil
consumption per full TEU carried and an average fuel oil price in t1 are used for
calculation of the BAF applicable in month t1 Another example relates to OOCL Its
fuel surcharge policy is based on specifics on trade lane service loop vessel size and
round voyage capacity on a monthly basis OOCL uses a neutral third party provider of
bunker price information Platts for the major locations around the world and
selected a number of representative vessels for calculating fuel consumption a more
manageable way than taking into account the actual consumption of all their operating
vessels In general terms the formula is similar to Maersk Line or DelmasOTAL As for
many other shipping lines OOCL made a policy decision not to disclose the values for
each component in the formula If the bunker price in a month moves beyond the
agreed band of USD 25 either up or down then it will trigger a recalculation of the
total BAF payable in the following month see Notteboom and Cariou 2011 The new
calculation method led to a BAF that is lower compared to the previous liner shipping
conference environment

The new fuel surcharge calculators have not wiped out potential sources of contention
between shippers and ship owners Shippers express concerns about the
confidentiality of some inputs used in calculating the BAF Examples include the
projected cargo load for OOCL or imbalance factor for Maersk Line The representative

fuel consumption of vessels deployed on a specific trade is another major source of
contention in the fuel surcharge calculations Shippers face difficulties in verifying

vessel consumption figures which leads to some doubts in shippers circles about
whether the fuel savings caused by slow steaming practices are fully reflected in fuel
surcharges
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Using the former example of a container shipped from Belgium to China if the
decision to slow steam a service reduces by 10 the vessel fuel consumption and is
not factored in this generates ceteris paribus around 345 additional USD per FEU
10 of 345 which for a typical service with 10 x 4000 TEU vessels sums up USD
690000 additional revenues per trip However these revenues are not without a cost
Kollamthodi et al 2008 Corbett et al 2009 Faber et al 2010 as a vessels are
spending more time at sea reducing the annual payload b in case of significant speed
reduction additional vessels are required to keep a weekly frequency in the ports of
call Notteboom et Vernimmen 2008 Psaraftis et al 2010 and c for shippers in
transit inventory costs increase with transit time Efsen et al 2010 Bergh 2010
Cariou 2011 Next section presents a methodology to assess the first two effects

3 1 The overall impact of slow steaming

Using an extended version of Maersk Line BAF calculator the BAF to be charged per
FEU for a service s with n vessels can be estimated as follows

BAF 2BPBaseEaI uFC cJTransilliuII 1

With FC SFC 2

And

FCksea the fuel consumption at sea per day for a vessel k

FCk the fuel consumption in port per day
Rot the transit time in days withadays at sea and 1a in ports
IFs the imbalance factor for service s

TEU the total capacity in teu deployed in a service s

SFCk the Specific Fuel oil Consumption in gkWh
ELk the Engine Load in
kWh the engine power in kWh

Slow steaming impacts both on the fuel consumption of each individual vessel k
FCksea and on the characteristics of a service s Focusing on the first component for

containerships carrying more than 1000 TEU which are using two stroke marine diesel

engines slow steaming reduces the main engine fuel consumption at sea FCksea with
a limited effect for the auxiliary engine and consumption in port Under normal
condition vessels were built for sailing at a speed close to design speed or an Engine
Load between 7090 of maximum continuous rate MCR a level at which the SFC is

optimal around 170195 gkW MAN BW Diesel AS 2008 Buhaug et al 2009
Psaraftis et al 2010 Faber et al 2010 This value varies with the engine type and
with weather conditions on route The impact of slow steaming on fuel consumption
depends on the magnitude of the speed reduction MAN BW Diesel AS 2008
Buhaug et al 2009 Psaraftis et al 2010 Faber et al 2010 As long as the speed is
reduced in small amounts up to a 1015 reduction the SFC remains fairly constant

As a rule of thumb engine power is related to ship speed by a third power When
speed is reduced by more than 10 the SFC increases by up to 10 This latter figure
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varies on the basis of engine characteristics vessel type and engine age as engine
retrofitting can limit the increase in SFC

The second impact from slow steaming is on the transit time and on the number of
vessels to be deployed within a service Notteboom and Vernimmen 2008 Psaraftis et
al 2010 Cariou 2011 The number n of vessels to add remains difficult to estimate as
this primarily depends on what the shippers can bear in terms of increase in inventory
costs Bergh 2010 and on the initial service characteristics in terms of the round
voyage distance the number and order of port calls the frequency the time buffers in
the liner service the fleet mix and the imbalance factor As an alternative some ports

of call can also be dropped Hence a decision to opt for slow steaming requires a
careful analysis of the tradeoff between a positive impact resulting from the reduction

in fuel consumption at sea and two negative effects the need for additional vessels in
case of significant reductions in speed the increase in the time spent at sea and
therefore in transit time The final impact on BAF is then to be multiplied by

differences in bunker prices transit time and by the imbalance factor for a service or
trade

4 1 The impact of slow steaming on fuel consumption at sea

Two sets of information are required to assess the impact of slow steaming on fuel
consumption for a specific trade a the number of services for which this strategy was
implemented and how these services were affected and b the vessel characteristics
in particular the reduction of the average fuel consumption as a consequence of slow
steaming To assess the extent of slow steaming per trade and the impact on fuel
consumption information was first gathered from three sources from Alphaliner
database Alphaliner 2010b in January 2010 that was merged with data from the
Lloyds Register Fairplay database 2009 and data on 90 outbound port toport
relations with Antwerp as the port of loading in July 2008 and November 2010 The

names of the shipping lines included in the dataset are not disclosed for confidentiality
reasons

The initial data contains in Alphaliner database is for 174 liner shipping services and a
total of 825 vessels deployed The status of a service with respect to slow steaming
was retrieved from comments in the database on liner service history Services were
then selected for 6 representative European container trades reducing the sample to
104 services with 618 vessels table 1 For each trade the mean age design speed
and engine power in kWh was then retrieved from LRF 2009

EuropeFar East is the first trade with 39 services 37 of the 104 services and with

273 vessels deployed 44 of the 618 vessels An interesting feature is disparities on
the extent of slow steaming from one trade to another For instance 795 of Far

According to oneyear data gathered from a private operator for a 4300 TEU containership with a
modern engine the SFC would only increase from 195 to 198 gkWh and the fuel consumption at sea
would fall by around 60
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EuropeFar East services are reported under slow steaming contrary to services to
Africa 63 of services These results are roughly proportional to the exception of
services to Oceania to vessel size and sailing distances Regarding fleet structure Far
East is the trade on which the mean size of vessels is the largest and North America
Oceania and Africa are trades for which vessels are the oldest This later result is likely
to influence the power needed as age can be seen as a proxy of technology Another
important element to consider is differences in the structure of trade and in
particular the number of reefers Information gathered from private sources stresses

for instance that the consumption of the auxiliary engine for a typical 4000 TEU vessel
increases from 4 to 20 tons due to the number of reefers carried

Table 1 Main characteristics of 174 European liner services in January 2010

SS slow steaming

Source Authors from Alphaliner database January 2010 and LRF 2009

Table 2 provides additional information It is based on a selection of 90 outbound

services with Antwerp as a port of loading in July 2008 and October 2010 The port
pairs considered are all connected via direct linebundling services meaning that no
seasea transhipment takes place at intermediate hubs along the route We distinguish
two periods of analysis The first period is JuneJuly 2008 when the liner conference
system still existed As such the casestudy for the first period provides a snapshot of
fuel surcharge practices in the liner conference era at a time when fuel costs reached

unprecedented heights and when slow steaming was not yet implemented The
second period is October 2010 and is a time when slow steaming has been
implemented Indeed if slow steaming practices already started in the summer of
2008 particularly on the Europe Far East trade to cope with the high bunker costs as
reported by Notteboom and Vernimmen 2008 however the full impact became
visible in late 2009 and 2010 Indeed more and more shipping lines decided to opt for
slow steaming not only to save on fuel costs but also to absorb the vessel surplus
capacity created by the economic crisis Information on the average oneway distance
relates to the distance from Antwerp to the port of discharge including the diversion
distance to call at en route ports of call is also estimated The nautical distances were
calculated using the Dataloy distance tables In a few cases up to seven ports of call
are positioned between the loading port Antwerp and the port of discharge At the
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Number Mean

Services SS Vessels SS TEU

Age Design
Speed

Engine
kWh

Africa 16 63 68 59 2662 9 21 23570
Far East 39 795 273 795 7970 5 25 58778

IndiaPakistan 11 727 63 746 4509 7 23 39202

Latin South
America 21 286 131 282 3251 7 22 27639

North America 14 143 74 257 3983 11 23 32971

Oceania 3 333 9 333 2940 10 22 24427
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other extreme Antwerp sometimes acts as the last port of call in Europe while the
port of discharge is positioned as the first port of call in the overseas service area

Table 2 also depicts the average transit times between Antwerp and the overseas
destinations and the average vessel size per trade route Both elements are key
variables in determining the fuel consumption per container carried together with
commercial speed of services The commercial speed of the vessels was determined
using shipping lines information on total transit times and port time We decomposed
the real transit time on a porttoport basis into total sailing time average port time
per intermediate port of call and canal transit time Differences in vessel size with
values reported in table 1 are explained by differences in the characteristics of vessels
deployed from Antwerp with those of services from Europe

Table 2 Main characteristics of services in July 2008 and October 2010 of the set of
OD relations considered with port of loading Antwerp

Notes

a Including the diversion distance to call at en route ports of cal on liner service

b Including total sailing time total port time at Intermediate ports of call on liner service and canal
transits

Two markets experienced a decrease in commercial sailing speed EuropeFar East
with a significant reduction on average of 16 in speed and IndiaPakistan with a
mean decrease of 10 Furthermore a decrease in speed does not automatically
increase proportionally the transit time as some ports are dropped for some services
Indeed on most trade routes the average transit time together with the average
vessel size have increased between July 2008 and October 2010 indicating a trend
towards the use of larger unit capacities sailing at slower speeds compared to their
design speed The high transit time is not only caused by slow steaming the use of
ever larger container vessels implies a longer total port time on the route since more
and more containers need to be handled when the vessel calls at a port The cargo
volume increase is typically not offset by a higher terminal productivity in net terms
leading to more time spent in ports during a round voyage Also a change in the order
of port calls can have an impact on the total transit time between Antwerp and the
overseas port of destination Only Europe Oceania has seen a decrease in transit time
and vessel size
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Distance

s Size in TEU

Transit time

in days
Commercial speed

in kt

Observatio

n

In nm

2008 2010 2008 2010 2008 2010

Africa 15 4731 2525 3903 175 178 201 196

Far East 24 11183 7563 9308 256 291 22 184

IndiaPakistan 9 7165 3963 4505 209 248 213 191

LatinSouth
America 23

5765

3700 4180 173 181 207 198

North America 12 5096 4102 4283 166 17 203 195

Oceania 7 13136 2922 2653 429 404 20 201
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To estimate the ships average fuel consumption per trade in 2008 and in 2010 we

retrieved information on the design speed and engine power of containerships from
LRF database 2009 For the design speed we considered the average value by vessel
categories For instance containerships sailing from Antwerp to Africa in 2008 are on
average of2525 TEU and the 107 vessels with a carrying capacity between 2000 and

3000 TEU reported in LRF 2009 have an average design speed of 223 knots To

determine the engine kWh we approximated a log linear relationship between
engine kWh and TEU with Engine kWhexp and R086 In our former case
it leads to an engine power of 21444 kWh

We then estimated the fuel consumption per day using the design speed 223 the
commercial speed 201 in 2008 and equation 2 for a SFC assumed to remain constant
at 190 gkWh Fuel consumption is then due to engine power required and speed
which is assumed to be related to ship speed by a third power For our typical vessel
sailing to Africa in 2008 at a commercial speed of 91 of design speed 201223the
mean fuel consumption per day at sea is 24x09174 tons of
fuel burned by day at sea in 2008 at design speed the ratio is 1 instead of091 Table
3 presents results on fuel consumption per day for all trades in 2008 and 2010 It also
presents similar results using the fuel consumption per dayTEU reported in Maersk
Line BAF calculator in November 2010

Table 3 Fuel consumption at sea of the main engine in July 2008 and October 2010 in
tonsday

Reported value in November 2010 x by estimated size of containerships in Table 2

Differences between estimated values and reported value by Maersk Line can be
explained by the characteristics of services for this company compared to services
originated from Antwerp However several general conclusions can be drawn Firstly
values reported by Maersk Line are closer to the fuel consumption at design speed
rather than on fuel consumption at commercial speed Secondly for some trades
namely Africa and LatinSouth America a huge gap exists between estimated and
reported values

2 We also considered age but without significant results A likely explanation is that vessel size already
captures the influence of age
8

2008

at design
speed

2008

at commercial

speed

2010

at commercial

speed

Maersk

Line

Africa 98 74 95 191

Far East 261 178 131 238

IndiaPakistan 146 124 83 160

LatinSouth
America 138 107 86 218

North America 151 91 84 156

Oceania 111 83 77 106
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5 1 Comparison between fuel costs BAF and freight rates

So far the analysis focused only on one part of the equation the impact of slow
steaming on the average fuel consumption in metric tons per day The analysis of the
impact on BAF and its share within the total price to be paid by the lines customers is

more difficult to assess For the former to the base freight rate a series of surcharges
such as the BAF the CAF currency adjustment factor the THC Terminal Handling

Charges piracy surcharge Gulf of AdenSuez transit port congestion surcharges if
any and often also container equipment related surcharges eg demurrage charges
detention charges equipment handover charges equipment imbalance surcharge

special equipment additional for an open top container or heavy container etc need

to be considered This section focuses first on the impact on BAF while the base freight
rate emerges later in the analysis

Table 4 Estimated fuel costs and reported BAF in July 2008 and October 2010

July 2008 1F0380 US 585 per ton MDO US1125 per ton
Port of loatl ing Antic erp Average Average Difference

fuel costs BAF per BAF fuel

per FEU FEU cost per
carried 1 Oct 10 FEU carried

Region of port of discharge al

Africa

Far Easthdia I Pakistan
Latin and SouthAmerica

North AmericaOceania

AfricaFar East
hda Pakistan

Latin and South America

North AmericaOceania

US1112

374913789
6621691

115E6841844584644311178

US1329

1003847130811951453

US

107238738
11863891407

US217
629

66519
533238

October 2010 IF0380 US 435 per ton
Port of loading Antwerp Average Average Difference

fuel costs BAF per BAF fuel

per FEU FEU cost per

carried 1 Oct 10 FEU carried

Region of port of discharge a

US

39354
280

72242229

Standard Minimum Maximum Ratio BAF Base

Deviation difference deference versus fuel freight
BAF fuel BAF fuel cost per rate per

costs

costs FEU carried FEU1 Oct 10

US134
18525
352

7558

MDO US 680 per ton

US163
96

7453561
156

USE

424268311
296285

ea

192162129
104

US

286846331119
562176

US US

110

531116

36212581
396

Ratio120268093166
181086

US1798935921628
3711628

Standard Minimum Maximum Ratio BAF Base

Deviation difference difference versus fuel freight
BAF fuel BAF fuel cost per rate per

costs

costs FEU carried FEU1 Oct 10

Ratio1 57129
161256090
119

US1501702
66918281854

1841

Ratio BAF

versusbase
freight rate

per FEUcarried

Ratio07410 82143080
322089

Ratio BAF

versusbase
freight rate

per FEUcarried

Ratio072034
110065021
076

The comparison between our estimates on BAFs and those observed in 2008 uses a

bunker price of US 585 per ton for the fuel grade IFO 380 to which a US 1125 for
marine diesel oil MDO was added These figures relate to the average bunker price in
Rotterdam in the month of June 2008 Average bunker prices in September 2010
reached US 435 per ton for IFO 380 and US 680 per ton for MDO For each portto
port relation we included an imbalance factor retrieved as the mean value reported in
Maersk Line BAF and similar values retrieved from the ratio between outboundto
inbound BAF charged by CMACGM in October 2010 The mean value is 156 for

services from Europe to Africa 044 to Far East and 098 to LatinSouth America 128
to North America the remaining two trades being with a factor of 1 We assumed that
the same imbalance factors applied in July 2008 The fuel consumption by the auxiliary
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engine is assumed to be equal to 10 of the consumption of the main engine EPA
2000 to which 10 tons per day at sea were added in order to account for reefers for
services to LatinSouth America Table 4 reports final estimates for the BAF values

Figure 1 BAF fuel costs and base freight rate per FEU porttoport relations with
loading port Antwerp

July 2008 1F0380 US 585 per ton MDO US1125 per ton

October 2010 1F0380 US 435 per ton MDO US 680 per ton
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Cariou and Notteboom Bunker costs slow steaming and fuel surcharges

Table 4 and figure 1 bring together the main results of the analysis Data relates to the
transport of one FEU The figures for BAF and the base freight rate were collected from
freight forwarding companies and liner agencies in Antwerp The following conclusions
can be draw First of all the BAF per FEU carried is typically much higher than the
average fuel costs per FEU that we estimated These results confirm the earlier
findings of Meyrick et al 2008 and Notteboom and Cariou 2011 who concluded that
the BAF would involve an element of revenue making for some trades For JuneJuly
2008 the BAF turned out to be slightly lower than the fuel costs in only 19 of the 90
cases In October 2010 this figure amounted to 14 cases most of these on the Europe
North America trade The results underline that the revenue making character of BAF
has not disappeared after the abolition of liner conferences and the wider adoption of
slow steaming On the contrary four of the six trade routes considered see an even
larger gap between BAF and actual fuel costs The revenue making characteristic of the
BAF became more significant on the shipping routes from Antwerp to Africa from a
BAFfuel costs ratio of 12 in July 2008 to a ratio of 157 in October 2010 mainly
caused by high fuel surcharges to West African ports Latin and South America from
166 to 256 mainly caused by BAF practices to destinations in Mexico and the
Caribbean IndiaPakistan from 093 to 161 and Oceania from 086 to 119 Except
for IndianPakistan these trade lanes have not been subjected intensively to a shift
towards slow steaming The widening gap between the fuel surcharges and the actual
fuel costs on the IndiaPakistan route demonstrates shipping lines clearly have not
passed on the fuel savings resulting from slow steaming practices on this trade to
customers Part of the explanation might relate to the increasing risks of delays in
Indian ports as a result of increased concerns over port congestion However if such
were the case then congestion surcharges should be used as a means to compensate
for delays not the fuel surcharges As also a number of WestAfrican container

terminals are plagued by severe port congestion a similar point can be made on the
high BAFfuel costs ratio on the EuropeAfrica trade The fuel savings resulting from
significant scale increases in vessel size on the African route see table 2 have not
resulted in a proportional decrease in fuel surcharges

The EuropeFar East and EuropeNorth America routes are the only trade routes that
have seen a relative narrowing of the gap between BAF and actual fuel costs Fuel
surcharges on the EuropeNorth America trade are on average no longer sufficient to
cover the fuel costs meaning that part of the fuel costs must be absorbed in the base

freight rate The Europe Far East route provides the most interesting results
particularly in light of evaluating the impact of slow steaming on fuel surcharge
practices In the summer of 2008 shipping lines were still strongly overcharging
customers for the incurred fuel costs ratio of208 Bunker cost per ton peaked in the
summer of 2008 and shipping lines seized this opportunity to charge
disproportionately high fuel surcharges The situation eased somewhat in 2010 with
most shipping lines now overcharging customers for the incurred fuel costs with BAFs
typically at 10 to 50 above fuel costs average ratio of BAFfuel costs of 129 The
increased adoption of slow steaming on this trade combined with the deployment of
larger vessels has reduced the fuel costs per unit carried This development did not
lead to a widening of the gap between BAF and these fuel costs While fuel

overcharging is still common practice more of the fuel cost savings are passed on to
11
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customers than in July 2008 The broader adoption of allin rates and the use of
relatively moderate fuel surcharges suggest that the EuropeFar East trade is becoming
a trade route where shipping lines seem to have tempered BAF revenue making
strategies Shipping lines pricing practices on this trade route combined with a limited

possibility for shippers to verify base data make it harder for shippers to prove that the
savings generated by slow steaming are not passed on to them in an adequate way

Variations exist in the difference between BAF and the estimated fuel costs per FEU
see minimum and maximum values in table 4 The spread in observations is
particularly high for Latin and South America A further investigation of the data
stresses that the observed spread is mainly the result of differences in shipping lines
BAF policy for specific ports of discharge The BAF strategy of shipping lines with
respect to destinations in IndiaPakistan North America and Oceania is more aligned

6 J Conclusions

This paper aimed at incorporating the impact of slow steaming in the ongoing
discussion on fuel surcharge practices of shipping lines We analyzed the relation
between slow steaming practices and BAFs by focusing on three distinct research
questions a How significant are slow steaming practices in container liner shipping
b What is the impact of slow steaming on fuel consumption and liner service
characteristics c To what extent has slow steaming changed the relation between
fuel costs and fuel surcharges imposed on shippers by shipping lines Table 1 showed
that slow steaming has become a common practice on the EuropeFar East trade while
it also gained in importance on a number of other trade routes Slow steaming
practices were initiated in the summer of 2008 particularly on the Europe Far East
trade as a response of shipping lines to fast rising bunker costs However the full
impact became visible in late 2009 and 2010 as more and more shipping lines decided
to opt for slow steaming not only to save on fuel costs but also to absorb the vessel

surplus capacity created by the economic crisis This paper showed that slow steaming
leads to longer transit times and more vessels per liner service and significantly
reduces fuel consumption of vessels deployed

A case study including 90 porttoport relations with the port of Antwerp as the base
loading port demonstrated slow steaming has had some impact on the differential
between fuel costs and the fuel surcharges imposed on shippers by shipping lines The
results underline that the revenue making character of BAF has not disappeared after
the wider adoption of slow steaming but the results tend to differ according to trade
route considered The BAF revenue making strategies of shipping lines have become
weaker on the EuropeFar East trade the main slow steaming trade but stronger on
the Europe IndiaPakistan trade another major slow steaming liner route On trade
routes with a low slow steaming impact the BAF typically outstrips the actual fuel
costs by a factor of 05 to 15 The only noticeable exception is the EuropeNorth
America trade with most shipping lines now no longer covering the fuel costs via BAF

12
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11 Are Bunker Adjustment Factors aimed
at revenue making or cost recovery
Empirical evidence on the pricing
strategies of shipping lines
Theo Nottehooin and Pierre Carlon

111 Introduction

For liner shipping actisities not least container shipping bunker oil
is a considerable expense According to Gernlnischer Lloyd Llortrs
Shippin Economist 2008a or the World Shipping Council Lloyds
Shipping Economist 200h the fuel hill for an 5000 TEU twenty foot
equivalent unit1 ship accounts for around 5060 per cent of its operat
ing costs a 33 per cent increase compared to three years previously This
inlpressne groth has led shipping Imes to adapt their operating prac
tices on bunker management Notteboom and Verninmicn 20091 using
cheaper fuel grade altcrnatnes inlpro ing sessel design reducing vessels
speed and adding capacity or dropping the number of ports of call in order
to keep a wcckhf in secs ices and hedging against future bunker
price sanalion

This chapter focuses on another traditional approach used by ship
ping Ines to hedge against the risks of sharp and temporal fluctuations
in hunker costs and to mitigate their impact on the oserall freight rate
Iesmg a specific surcharge on shippers known as the Bunker Adjustment
Factor or 13AF 13AF aims at passing the fuel costs on to the customer
through sariablc charges and is controversial Shipping lines have more
than once argued that the increase in bunker prices especially in the short
term is onh partiall compensated for through surcharges to the freight
rates and that it still affects their earnings negatneh In contrast ship
pers organizations such as the European Shippers Council hae alw ass
objected that the was 13 F are determined is opaque without uniformity
and im oh es a significant clement of re enue makutg

If the issue regarding I3F and its 1 is not new Mcnachof
and Dicer 20011 the concomitance of two inents has made it een more
salient toda 011 the one hand the sharp increase in bunker costs between
late 2005 and the summer of 2008 combined with the decrease in freight
rates has led 13AFs to reach unprecedented Ieels where they have become

23
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a significant component in the overall costs to ship goods For the second
quarter of 2008 the base freight rate for a fortyfoot container from
Shanghai to Antwerp had reached around US1400 to which a BAF of
US1242 was added On the other hand the recent repeal of European
related liner conferences in the wake of EU legislation has forced many
shipping lines to develop new methods for calculating fuel surcharges
leading shippers to scrutinize the new practices regarding BAF and
developed by individual carriers

This chapter contributes to this issue in focusing on the relationship
between fuel cost fluctuations and fuel surcharging practices as part of car
riers pricing strategies The central research questions put forward are as
follows How have shipping lines changed their practices regarding BAF
considering the end of the liner conference era in Europe How can bunker
costs he estimated for a specific service Can it he concluded as stated
b shippers that 13A Es are used by shipping Imes to generate additional
reenue or are the onl as stated h shipowners used to recover hunker
costs and to cope with their unexpected fluctuations

To answer these questions this chapter is organized as follows The
next to sections discuss the iewpoints of shippers and shipping lines and
700111 in 011 past section 11 2 and current section 1 13 practices of fuel
surcharges Section 114 presents a model among at calculating the bunker
cost for a specific sen ice that takes into account essels size speed engine
type and son ice das at sea at port as the main characteristics
Section 115 applies the model to arious routes and compares our esti
mates of fuel costs w nh the observed BAFs on a set of port toport liner
serices out of the port of Antw erp Section 116 pro ides the conclusions
and exploresaenues for further research

112 Fuel surcharges in the liner conference era
In order to understand the factors considered by shipping lines in deter
mining 13A Fs a distinction must he made between practices before collec
tie pricing and alter the liner conference era individual pricing Liner
conferences hae ahuns played an important role in pricing issues linked
to fuel costs The s stem of colleetnc rate setting dates back to the first
conference the Calcutta Steam Traffic Conference set up by British cargo
lines in 1875 Hoeer BAF as only introduced in 1974 following the
lint oil crisis t hen bunker prices rose fromtSS20 per ton to over US 100
per ton in three months Menachofand Dicer 2001

111 principle carriers corer basic hunker costs vhde BAFs only apply
to changes aboe a certain Ievel Liner conferences cane up with their
oven a of dealing vvrth BAF m applying a surcharge adjusted on the
lint da of each month and based on the closing 1F0 380 bunker price in
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Table 111 BAF surcharge percentage jiff btmker price classec

M2569 CULLINANE TEXT Add 225

WO 380 price BA I surcharge FO 380 price BAF surcharge
level euro per ton level euro per ton

140 Base level
141 155

156 165

166 180

181 190

191 200

201 205

206 215

200 216 220 650

250 221 230 750
300 231 240 800
350 241 250 850
450 251 255 900
500 256 265 950
5511 266 279 1050
600 271 2511 1100

Rotterdam on the last eckd0 of the preious month Table 111 The
dollar price was then cometled to ewes at the closing rate of exchange in
London on the sank da last eckday If the hunker price went belo
140 euros per ton the surcharge as n ithdrass n

Surcharges ere jointly fixed by conference members and conformed
ith outside operator as sell The approach taken by the Far Eastern

Freight Conference 1FFFCI a liner conference for the EuropeFar East
trade u bleb ceased to gist in October 2008 represent a good illustration
of such practices hen the FEFC introduced a BAF system in the after
math of the oil crises of the 1970s the underlying justification was that
carriers operating ss ithin liner conferences could not otherwise adjust their
prices promptly enough to counteract the effect of bunker price increases
Vhen first introduced the basis of the FEFC 13AF calculation was the
prices paid by the member lines and reported by them to thirdparty
chartered acc0untant

Howccr because the prices reported remained confidential the system
as felt to be too opaque by customers Lines accordingly changed the

system in order to hale the BF calculation on independent indices shown
In the Marine Oil 13ruke tlarket Repo t published to subscribers and in
the shipping pre by Lockett Marine 011 Ltd The BAF system as applied
bs the FEFC changed ON er the sears from a percentage oldie freight on a
90day 0erage to a lump am based 011 a monthly calculation This new
system aimed atrIlacting more close the changes both up ards and
down ards that occui m the volatile bunker market with a lag effect in
the application of the BAF For instance 1110 February figures after a
months notice pen od NN ere only applicable in April and the BA F calcu
lation s as monitored 1 ice per seek to coincide nh the publication of
the Cockett report It used a eightedaerage for fuel loaded in Asia the
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Middle East and Europe throughout the month and then was averaged to
provide the monthly BAF An example of the calculation of the BAF per
TEU is presented below

1 1
BAF

1
with

1 Average weighted index biweekly
1 I3asc index

C Base bunker cost per TEU

The fixing of BA Fs by liner conferences has always been a source of
contention in shipping circles particularly in times of high fuel prices
Research commissioned by the European Shippers Council ESC into
bunker surcharges applied by liner conferences more than once created a
grow ing disquiet as BA Fs were found to be higher than actual fuel costs
in some cases Nlerick and Associates 2008 concluded for instance
that the leA el of the BAF applied by the FEFC and Trans Atlantic
Conference Agreement TACA in early 2005 Would in oh c a significant
clement of re enuemaking The model estimated that the true cost
recoi 134E per TEL for March 2008 waslSS67 lower than the real
F EEC 13AF of 1 SS456 per TEL For the TACA the difference was
et en more emphatic an estimated true cost rccoten BAF of USS185
per 7F1 crsus an actual TACA BAF oflSS607 per TIiU a difference
of some lSS422 per 7 El nt Nlarch 2018 These studies strengthened
the belief of the ES that shippers are being of ercharged When it conies
to fuel surcharges set b liner conferences Cariou and Wolff 2006
reached a similar conclusi Imesttga1ing if a Granger causal relation
ship exists between the Bunker Adjustment Factor charged by members
of the FEFC and bunker prices on the Europe Far East container trade
Figure 111 the authors conclude that from 2000 to 2004 a causality
can be established but that an increase in fuel price by I would lead to an
increase in BAF by 15

A mane commissioned by the European Liner Affairs Association
ELA went et en further by stating The general perception especially
from non forwarder accounts is that there is hardly any correlation with
the underlying costs and that the surcharges are meant as an additional
money maker for the lines MEL The growing disquiet among
shippers fuelled the demand for more transparence in the calculation of
Biel surcharges

The position oI shippers in relation to the BAF was made cry explicit
in a document submitted by the European Shippers Council to the DG

0 09022011 143
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Competition of the European Commission on the r0vicw of Council
Regulation 405686

Shippers do not accept the ocean earners claim that they operate in a unique
environment and they are a special case descrying special protection from
market forces Shippers face similar business risk when trading in global
markets they are unable to pass on additional costs incurred through the use
of surcharges Bunker Adjustment Factors 13AFs are being assessed as a
collective surcharge by all members of a liner shipping conference whereas each
carrier has Its individual policy for fuel buying and consequently the prices
ary accordingly Moreover it has never been dentonstrat0d that the RAF
increases reflect the true additional fuel costs The absence of transparency
In the imposition 01 surcharges has led shippers to call for their abolition The
method bs tt hich surcharges arc calculated is complex and because of averag
ing of surcharges tt nhtn a 000 te ence surcharges are unrelated to the actual
costs experienced b undn idual shipowners Surcharges are used as a means of
obtaining additional retcnucs ESC 2003 20

In Its response to a later inlbrnmtion note published by the European
CommissionsDO Competition on Issues raised in discussions nnith the
carrier industry in relation to the forthcoming Commission Guidelines on
the application of competition rules to maritime transport services 1110
FSC further argued that The fuel element of a contract with the shipper
should solely be the decision of each indit idual carrier based on their own
indi idual cost their own pricing strategy and consideration of and with
their inch id ual customers ESC 2006 20

113 Fuel surcharges after the liner conference era
Liner shipping conferences were outlasted in Europe on 18 October 2008
Liner shipping companies hate lost their prix ileged status under EU 0om
pet 01011 In due to the withdraw al of the liner conference block exemption
which basically authorized horizontal price fixing and similar agreements
between liner shipping companies through Regulation 405686 of 1986
Where the liner consortia block exemption does not apply all cooperative
actnin should be careful and Individually assessed under the competi
tion pro 510115 01 the EC Treaty The dismantling of liner conferences
meant that container shipping lines calling at European ports were banned
from discussing freight rates and other additional surcharges such as
bunker and currcncs surcharges and from publishing common tariffs
The sane applies for conference business plans and the exchange of con
fidential mforration on market shares toluenes or prices between lines
Carriers are now negotiating rates indls iduall st ith shippers The loss of
the conference structure has thus resulted in the disappearance of commo
nality in pricing structures and surcharges amongst conference lines

4 09022011 1431
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On 31 July 2008 the FEFC operating on the Asia Europe trade the
worlds second largest liner conference after the Trans Pacific issued
its last notice on BAF ahead of the European ban on shipping confer
ence activities The 17 member lines of the FEFC advised shippers of a
135 per cent increase in their BAFs on shipments to Europe with effect
from 1 September to 17 October 2008 The FEFC ceased to exist along
with other ratesetting groups in trades with Africa South America the
Indian subcontinent the Middle East and Australasia Some including
the Trans Atlantic Conference Agreement had already ceased operations
earlier than October 2008

in the European post conference era carriers will still he allowed to
exchange trade data a task that will he handled by the European Liner
Affairs Association ELAA an industry lobby group that is transforming
itself into a track association to manage the exchange of information The
ELA is planning to publish regularly the price of fuel over time in the
most common locations for bunkering as ell as publicly mailable infor
mation onaerage fuel consumption for different standard vessel types so
that anaerage cost per TEL can be ealculated This oId increase trans
parcnc as to the cost of fuel and mild facilitate illdi kiwi negotiations
on compensation for Ouctuating bunker costs

Now that Europe has brought an end to the conference system the
question arises as to how long it will sir i in other parts of the world
especia Il in Asia w here conferences are still an accepted way of doing
business A number of shipping lines hac already taken steps to end their
membership in non European liner conferences For example at the end
of Noentber 2008 MOI resigned from the Transpacific Stabilization
Agreement TSA and the Canada Transpacific Stabilization Agreement
ICTSA1 The reason is directly linked to the changing pricing and
commercial practices following the end of liner conferences in Europe

oh the European l abolition of liner anti trust immunit it has
become extreme difficult to align the business processes of our enure organ
cation hen its regional di icionc must operate to ddreling standards We

concluded MOI and its customers ould he better sens h conducting busi
ness independently Iivn transpacific liner agreements press statement b
Masakaiu akushliLecutie Vice President N101 Liner Disision MOL
aehsite 2 October 200

Also other shipping lines are redesigning business processes to make them
applicable throughout thew vf orldiele net ork

The leading ocean carriers prepared for the abolition of shipping con
ferences in Europe well in adancc Alter the European Union Voted in
2006 to end liner shippings Klock exemption from the Eli competition
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rules many shipping lines took action to become increasingly independent
operators This was further stimulated by the weakening of liner confer
ences as a result of carrier defections and more recently by slowing trade
growth overcapacity and competition from independent carriers On
top of this liner conferences faced major difficulties in attaining inter
nal consensus on rate adjustments The FEFC even failed to implement
two general rate rises in early 2008 as well as a peakseason surcharge
scheduled for August 2008

The disappearance of liner conferences took place in a period when
ocean carriers were facing slowing traffic growth and tumbling freight
rates due to the credit crisis and the economic downturn Westbound
rates from Asia to Europe decreased significantly to an average USS350
per TEU in October 2008 from USS1400 in October 2007 Some carriers
accepted even lower rates in an effort to fill their ships to improve capac
ity utilization and to reverse the downward trend of the base freight rates
A number of shipping lines even took actions to suspend loops mainly on
the EuropeFar East and Trans Pacific trades For instance NOLAPL
cut 25 per cent of its liner serf ice capacit on the AsiaEurope trade At
the same time however fuel costs soared to unprecedented heights in the
summer of 2008 after decades of manageable price iolatility and soon
after plummeted from USS700 per ton in Jul 2008 to about USS200 per
ton at the end of NON ember 2008 see Figure 112

Slipping line arc challenged to charge customers for fluctuating fuel
costs In turn customers are asked to absorb a suable increase in their
freight costs and earners recognize that this requires an easily justifiable
transparent process file combination of strung fluctuations in fuel costs
and downward pressure on freight rates has resulted in a reversal of the
significance of the base freight rateiersus fuel surcharges as illustrated in
Table 112

One or the concrete outcomes of this trend is the introduction of a new
formula to charge customers for the fuel costs incurred The fact that the
conference s stem was disbanded means that those individual carriers

ho choose to still charge a BAF need their own independent method of
calculating the charge Each carrier made its own decisions on whether or
not to charge a RAF and ilso 011 what basis the method of calculation and
resuIling quantum would he worked

Maersk Line introduced for instance a new formula for BAF in early
2008 w ith the aim of creating more transparency The formula used in
the webbased Maersk Line BAF Calculator builds on factors such as
fuel consumption transit time and imbalances in container flows press
communication Maersk Line 21 January 2008 as follows

09022011 1431
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Table 112 Base freight rate and BAFJor the maritime transport alone
Join Joat equivalent unit container FEU from Shanghai to
Antwerp excluding CAF THC and other surcharges

Q 1 2007
Q2 2008

Sept 2008
Feb 2009

April 2009

M2569 CULLINANE TEXT inatl 232

Typical freight rate Typical BAP

USS 2100

USS 1400

USS 700

ISS 250 allin
USS 550 Illin

Sinn e Authors based on market figures

BIF TS P
F7L

USS 235

US 1242

USS 1440

With

F A3erage fuel consumption per FEU
P 13unker prices per ton in I monthly or quarterly
TS Trade specific constant
77 Trade imbalance factor

In preparation for the end of the European Conferences DolmasOTAL
part of CNIA CGM group also de eloped its 13AF calculation formula
The 13 A F Ie els used b the shipping line are announced at the beginning of
each month and applied for the IblloWing month The new BA F replaced
the one preiouh issued b the Europe West Africa Trade Agreement
FW TA since September 2008 and considers arious elements such as

The a erage reference fuel oil price
The a3erage fuel oil Consumption of the lines ships per full TE1
carried

The a3ertee fuel oil price for the month t 1 is the basis for the
calculation of the 13AF applicable for the month t I

A final CS11 plc relates to OOCL This shipping line has also ensured
legal compliance b des eloping its ON independent pricing and surcharge
structure based on its 0330 costs and operational requirements OOCL
constructed as own 13 formula to reflect market conditions and is

unique to OOCL It is based on trade trade Zane and service loop and
also Considers essel size and round oyage capacih In general terms the
formula is as follosss
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Transatlantic Within US West Coast

Transatlantic US West Bunker price BAI

Coast

Sit n Jowl I rpm the Of R 1 lipping compm
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Current level assumption
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US per ton USS per TEU
613 590

588 555

563 521

538 486

513 452

488 417 Band of USS50

46 383

438 348

413 314

388 279

363 244

F IP P
BIF

With

F Total fuel consumption
I Current bunker price per ton
P Base bunker price per ton
T Projected cargo loaded onboard

OOC L made a polio decision not to disclose the actual alucs for each
component in the formula calculating it on a monthly basis and taking
the a erage bunker price during that period 1f the bunker price has moved
beond the agreed band of LUSS25 either up or down then it will trigger
a recalculation of the total BA F payable in the following month OOC L
uses a neutral third part pro ider of hunker price information Platts
for all the major locations around the world OOCL selected a number of
represcntaticesseL for the purposes of calculating fuel consumption a
more manageable was than taking into account the actual consumption
data of all its operating esscls

The introduction of the new Iornmla had an impact on the level of the
base freight rates and oI the BAF The new calculation led to a RAF that

is lower compared to the Inver conference environment whilst confer
ences used base buikcr prices from around 1990 OOCL now started to
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use a base price from 2005 This resulted in a doubling of the base bunker
price in the new formula and a reduction of the bunker price for OOCLs
customers OOCL shifted the difference into the ocean freight to main
tain a revenue neutral position whilst BAF is now more reflective of the
prevailing fuel price conditions

The disappearance of European related liner conferences has also had an
impact on linercon lbrences that still operate on non European routes These

liner conferences have also responded to the demand for transparency by
changing the way BAF is calculated For example m September 2008 the
Westbound Transpacific Stabilization Agreement WTSA changed how it
calculates bunker fuel surcharges in the US Asia freight market The new

formula went into efiect for dry cargo in October 2008 WTSA began the
process of modifying its surcharge formula b eliminating steps to arrive at
a conipleteaierageof averages that reflects the cost impacts of rising fuel
prices on multiple different container scn ices The new bunker surcharge
formula tracks a single marine fuel that is I FO 381 It also eliminates
thewcightedaerage of week prices at I I load ports and instead uses a
straight as cage of Hong Kong and Los Angeles prices for the West Coast
and Hong Kong and 1e York prices for the East Coast surcharge The
fuel price data lbr the three ports are obtained from the publicly available
website Bunkerworld A second set of changes imohed components for
constructing fuel cost impacts from changes in fuel prices These include

csseleffecthecapacity
Westbound allocation of deadweight capaci after eastbound
empt repositions

NIaXimun capacih Ibr loaded containers before reaching a ships
weight limit

Dad fuel consumption
Onew a steaming time excluding time in port

erages for the abon c components ar for West Coast and East Coast
scr ices but are constant for each service The formula also adjusts efrec

tne capacih to allow for the deadweight impact of empt returns The
new calculation method thus makes separate calculations for West Coast
and East Coast sec ices

As can he seen from former discussions if most shipping lines had
implemented a more transparent system regarding BA F one of the main
issues for shippers w ould be related to the absence of transparent informa
tion on some specific elements considered within the BAF calculation If
the le el of current bunker fuel price is not an issue since data can be easily
found information on the selection of the base bunker price on the vessel
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utilization rate and on the fuel consumption per vessel are more prob
lematic The next section presents a methodology focusing on the latter
element namely the estimation of the total fuel cost for a specific service

114 Estimation of the fuel costs on a specific service
A first step when analysing the relationship between fuel surcharges and
actual fuel costs consists in determining the fuel consumption per TEU
carried Earlier work on this issue has been presented by Buxton 1985
and Cullinane and Khanna 1999 who introduced formula for the estima

tion of the daily fuel costs per TEU or ton based on parameters such as
engine potter and the specific fuel consumption S 1n this chapter we
add to these precious works by explicitly taking into account the charac
teristics of liner sect ices number of ports of call roundtrip distance and
so on The Total Fuel Consumption TEC to USS for a specific route
service j of T da round trip by r 1 n vessels is the sum of the
fuel costs for main and auxiliary engines then the essels are at sea t
ntaneuering in port or transiting through canals 1 and hotelling 1

TEC 1EI IC PF 111
I

with

TFC total fuel cost for a specific sen ice j in 1SD
r Time u hen theessel is at sea

r Tune when the sessel is manes ering or transiting through canals

t Time when the esscl is hotel1ing waiting and when at berth
Bunker price for the main engine m

P Bunker price for the auxiliary engine a
Fuel consumption for main engine m per eta for vessel i under
status t

FC Fuel consumption for aumliaq engine a per day for vessel i
under status 1

When the vessel is at sea 1 the fuel consumption for the main engine
WI andtessel i in gransstile can be estimated as

m L 5 P
112

with

nr Seamargin to consider weather conditions and expressed as a
percentage

L Load Iaetor eyxessed as a percentage of the maximum continuous
rate
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Soc Specific fuel oil consumption in gkWhr
Installed engine power in kW given for a TEU size and design
speed vo

r Design speed in nautical mile nm
We assume a sea margin of 15 per cent MAN BW Diesel AS 2008

and a load factor of 80 per cent Endersen et al 2003 EPA 2000 Corbett
and Koehler 2003 Furthermore and whatever the vessels status t t
t the fuel consumption for the auxiliary engine FC is considered as
10 per cent of the consumption of the main engine Endersen et al 2003
EPA 2000 Corbett and Koehler 2003 To estimate Stns and P for a
vessel i at a given design speed r we used information on container ships
extracted from the Lloyds Fairplay Ship Database Lloyds Maritime
information Services October 2008 The initial sample is made of 4834
container ships that were rearranged to consider only fully cellular con
taincrships delivered on order or pending and more than 2000 TEU The
final sample is made up of2 container ships whose main characteristics
are presented in Table 114

Out of the 2259 container ships 338 per cent are between 2000 and
3000 1 EL and 701 per cent are Tess than 5000 TEL The mean vessel size
is 4332 TEL the mean age around eight years and the mean speed 2304
knots Out of the 2259 container ships 97 per cent are using two stroke
slowspeed engines for which a value of 171 kWhr is used as a proxy of
S M4n BW Diesel AS 2008 In order to consider the impact of
a change in the essels size on fuel consumption we estimated ordinary
east squares OLS the relationship between installed engine power F
and vessel size in TEL
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Combining equation 112 in 113 and assuming as staled previous
a sea margin of 15 per cent a load factor of 80 per cent a S of 171
gLWhr so that C in L S 115 x 08 X 171 1573 the total

fuel consumption at sea for the main engine in gramsday and at a given
peed r can then he estimated as

at r
24 C 1m hit 3775 teal m 114

Results from our estimations on FC are presented in tonsday in
Table 114 Figure 113 compares our estimates equation 4 with the
initial data from Lloyds Fairplay Ship Database in logarithm the cor
relation coefficient being equal to 088 based on 595 observations for
which information on the fuel consumption for the main engine is given
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uwmption it ith rerlcl

5000

IogHFOdayatseal ologhfoconsumption

TEU
10000

Ft toe 114 EeomnmVu scale on fuel conruntption

15000

Figure 11 4 presents eclinlates on economies of scale on fuel consumption
at sea expressed in tons per mule equation 114124x teu It appears
from Figure I i 4 that if economies of scale on fuel consumption exist
their effect is nmml nible for essels increasing from 4000 to 6000 TEL
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Above 6000 TEU the additional marginal reduction in fuel consumption
in tons per TEUmile is rather limited This result is mainly due to the
reduction in the mean dcsign spccd for bigger vessels 236 kt for 10000
compared with 251 for 900010000 for instance that counterbalances the
impact of the increase in number of TEU This result would be of course
different if 25 knots is taken as the initial design spccd such as in MAN
BW Diesel AS 2008 Considering the limited number of vessels more

than 10000 TEU in our sample 17 containcrships only we will assume
an initial design spccd of 25 knots for this category in the remainder of this
chapter

To estimate the fuel consumption when atcsscl is maneuvering or tran
siting through canals PC Z we use equation 114 but without
considering a seamargin equal to I and for a load factor of 15 per cent
EPA 2000 Corbett and Koehler 2003 The fuel consumption per day
w hen the tcssel is Inancucring or transiting through canals t can then
he estimated at 163 per cent of the fuel consumption when the vessel is
at sea lu As pretiousb ID per cent is added for the auxiliary engines
consumption When it comes to fuel consumption during port operations

PC E w used a pro of 5 per cent of the fuel consumption
at sea for the main engine and 10 x 5 for the auxiliary engine as
preiousb

As stated aboe former estimates on fuel consumption at sea FC 1l
onh hold considering an installed power engine 1P for a given design
speed r In order to anahse the impact of a reduction in the commercial
speed from a design speed r to an actual spccd of we investigated the
relationship between P and r The results on 2245 observations for
which r and P were giien LogP 3311 Logrea with R 099
are close to the traditional assumption of a cubic relationship between
these 1o aria hies We assumed that the ariance in load factor of the

engine does not affect fuel consumption and usecl former estimates so that
for a commercial speed r the fuel consumption is

at r at r
115

Estimations are reported in Table 114 for arious N essel categories and
for speeds caning from r 18 knots to the design spccd r Figure 115
illustrates the impact of a speed reduction on fuel consumption at sea in
grams per TEL stile for four Nesscl categories

It appears that tcsscls in the range between 5000 and 10000 TEL 1ive
similar and better results in terns of fuel cost per TEUmile Table 115
compares our estimates on fuel cost at sea for the main engine FC with
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Treble 115 Comparison of our estimates with Germmniseher Lloyd GL
figures on fuel Costs per dap at sea end qfJuly 2006

Speed 5000 TEU 8000 TEU 12000 TEU

knt
Estimates GL Estimates GL Estimates GL

14 8848 12200 13430 16000 18956 20700

16 13747 16800 20866 21600 29453 27500
18 20278 23100 30778 29000 43444 36500
20 28709 31800 43575 39400 61508 48700

22 393 43700 59681 52200 84242 64400

24 52399 59300 79531 69400 112261 83600

26 68239 82800 103574 96100 146199 114700

Static Our iglu c and its nianischci Llmal 20101

a stud b Gcrmanishcr Llod for 5000 8000 and 12000 TEU container
ships Nottcboom and Vernimmen 2009 These estimates were obtained
for a bunker price P of USS350 per tonne IFO 380 Singapore in July
2006

115 Estimation of the fuel costs for specific OD relations and
comparison eith BF

The case stud de eloped in this section focuses on the estimation of BAF
for containersexported 1a the port of Antwerp to a specific overseas port
of discharge The total price to he paid b the lines customers consists of
a base freight rate and a series of surcharges such as the BAF the CAF
currenc adjustment factor the THC terminal handling charges port
congestion surcharges if any and often also container equipment related
surcharges for example demurrage charges detention charges equipment
handoer charges equipment unbalance surcharge special equipment
additional for an open top container or heal y container and so on The
case studs focuses on the BA Fcbile the base freight rate emerges later in

the anal sis e distinguish two periods of analsis
The first period is June Juh 2008 corresponding to a period when

the bunker price per ton reached its peak see Figure 112 and the liner
conference system still existed A such the case study for the first period
pro ides a snapshot of MCI surcharge practices in the liner conference
era at a time hen fuel costs reached unprecedented heights The BAFs
ohser cd in this case study relate to the fuel surcharges applicable on the
first of Ju 2008 The bunker price applied throughout the analysis is
USS585 per ton for the fuel grade IFO 380 and USS 1 125 for marine diesel

4 09022011 14 31



oil MDO These figures relate to the average bunker price in Rotterdam
in the month of June 2008 The choice of Rotterdam is mainly based on
its proximity to the loading port Antwerp although the authors are aware
of the fact that Rotterdam is among the cheaper bunker ports worldwide
Using the bunker price in Rotterdam as a basis might therefore slightly
underestimate the actual bunker costs for shipping lines

The second period considered in this study is December 2008 corre

sponding to a post liner conference period when the hunker price per ton
reached around US200 after a few months of price erosion As such we
are able to analyse the changes in the fuel surcharge practices after the
abolition of European liner conferences and at a nine when fuel costs
were much lower compared to the first case The average bunker price in
Rotterdam throughout November 2008 was USS220 per ton for IFO 380
and USS535 For MDO Thcsc prices underline the sharp decline in fuel
prices between the first period of observation and the last

We collected data on 117 port toport relations with Antwerp as the
port of loading The names of the shipping lines included in the data set
are not disclosed for confidentiality reasons The port pairs considered are
all connected via direct line bundling services meaning that no tranship
ment takes place at intermediate hubs along the route The port bundles
havc been aggregated to eight service areas of the port of Antwerp Africa
the 13altte and Iberian feeder markets the Far East India Pakistan Latin

and South America the Near East and the East Mediterranean North

America and Oceania

Table 116 summa rims the main characteristics of the dataset The

average oneway distance relates to the distance from Antwerp to the
port of discharge including the div ersion distance to call at en route ports
of call The nautical distances were calculated using the Dataloy 2010
distance tables In a few cases up to sewn ports of call are positioned
betw een the loading port Antwerp and the port of discharge At the other
c trcncntwerp sometimes acts as the last port of call in Europe while
the port of discharge is positioned as the first port of call in the overseas
sere ice area The av cra ge number of ports of call hetween Antwerp and the
ports of discharge on the respective linebundling sees ices equals 305 with
a standard deltatton of 1 85 Table 116 also depicts the average transit
tines between Antwerp and the overseas destinations including the
sailing time port time at intermediate ports of call on the liner service and
canal transit tine and the average vessel size per trade route Both ele
ments are hesariahles in determining the fuel consumption per container
carried see previous sections

The commercial speed of the vessels was determined using shipping
lines information on total transit times and port tine We decomposed
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Table II6 Main characteristics of the set of OID relations considered in
the case study port qf loading is Antwerp

Region of port of discharge Observations Average Average Average
oneway transit time vessel size

distance in days
no rim days TEU

Africa 15 4731 17 2525

Baltic Iberian Atlantic feeder 10 1314 5 1350

Par East 24 11 18 28 7563

1n11a Pakistan 9 7165 21 3963

Latin and South America 23 5765 17 3700

Near East East bled 17 3468 13 3535

North America 12 5096 17 3242

Oceania 7 13136 43 2922

117

t wet

a Including the declauon dIumce to call at C11 101110 portolcall on linencniee
h minding total ulnae rime total poi l 11111C 11 port ofrdl on liner mice

and canal Ivm1t

the real transit time on a port toport basis into total sailing time average
port time per intermediate port of call and canal transit time After apply
ing different alucs for the commercial speed of the esseI the simulation
exercise resealed that the follossing aggregated commercial speeds gave
the best results

Vessels larger than 4000 TEL 22 knots

Vessels hetwcen 2000 and 4000 TEL 20 knots

Vessels smaller than 2000 TEU 19 knob

The total csscl consumption for each porttoport relation was calcu
lated b combining the sailing time the esseI speed and the esscl svc
uit the figures pro ided earlier in Table 114 and by adding the fuel con
sumption linked to the total port time also In intermediate ports of call
and the canal transit time The fuel cost for the ausiliar engine was also

taken into accoutt as suggested in the prey iota section that is consump
tion of b1 DO fuel on the basis of 10 per cent of main engine consumption
For each porttoport relation c estimated the degree of utilization of
the essefs slot ctpacrt slots used excluding empt containers based on
mdustr information The ascrage degree of utilization for all abseiled
liner scrtices out of AMY crp equals 75 per cent In June July 2008 and
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71 per cent in December 2008 By combining vessel size and degree of
utilization it is possible to determine the TEU loaded with pay cargo per
porttoport relation

Tables 117 and 118 bring together the main results of the analysis
while Figures 116 to 119 present various comparisons All data relates
to the transport of one FEU The figures for BAF and the base freight
rate were collected from freight forwarding companies and liner agencies
in Antwerp Unfortunately we were not able to collect BAFdata for
December 2008 on the EuropeFar East trade as shipping lines massively
used all in rates without imposing a separate BA F

Based on Tables 117 and 118 and Figures 116 to 119 the following
conclusions on liner senicc relations with loading port Antwerp can be
drawn First of all the 13AF per FEL forty foot equnalent unit carried
istpicalh much higher than the acrage fuel costs per FEU that we
estimated For June July 2008 the BAF turned out to he slightly lower
than the fuel costs in only ten of the 117 cases The difference between

BA F and the actual fuel costs ranges from 9 per cent for Oceania to an
cleated 147 per cent for Latin and South America These results confirm
the earlier findings of Me rick Associates 2008 who concluded that the
BAF im oh es an element of revenue making The case study for JuneJuly

2008 demonstrates that the revenuemaking characteristic of the BAF

is mendicant 011 the shipping routes from Antwerp to Latin and South
America Africa and North America The recnucmaking characteristic

of the BAP is far less significant on intra European feeder routes and on
traffic relations with the Far East IndiaPakistan and Oceania

Second variations exist in the difference between BAF and the esti

mated fuel costs per FEL The spread in observations is particularly high
for Latin and South America the Far East and Africa A further investi

gation of the data stresses that the observed spread is mainly the result of
differences 111 shipping lines BAF policy for specific ports of discharge
The BAF strategy of shipping lines with respect to destinations in India
Pakistan North America asst Oceania is re ea led to be more aligned

Third the results for December 2008 stress that the reenuemaking

character of BAF has not disappeared alter the abolition of liner confer
ences On the contras most trade routes see an C en larger gap between
BAF and actual fuel costs The difference between BAF and the actual

fuel cosh ranges from 1116 per cent for Oceania to an ele ated 426 per cent
for Latin and South America A closer investigation of the figures reseals
that shipping lines held on to high BAFs w bite the actual fuel costs plum
meted due to a sharp decrease in the hunker price This coincided with
falling base freight rates In other words the results demonstrate that a
combination of decreasing freight rates and decreasing fuel costs seems to
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1 Introduction

1X has argued at length that the only effective efficient and safe alternative for reducing
CO2 emissions from ocean shipping in a tax on CO2 emissions 21 In particular we have
argued that EEDI is just alu0t tLn worst of 011 possible regulatory possibilities wasteful
in resources unsafe and in the sectors whet slowsteaming is practiced including 101tkers
bulk carriers and large coitainerships totally iucffecl In these sectors EEDI will

result in little if any rodnct1o11 in CO2 omissions Over the market cycle These arguments
will not be repeated hero

But it is not enough to say that a tax is the only way to go It is incumbent on any tax
ptoposal to lay out in some detail exactly what the regulation will look like and Low it wll
he implemented and enforced That is the purpose of this paper

2 Taxing Bunkers

Up to now all the proposals for taxing CO2 omissions of which CTX is aware do mot tax
CO2 directly They are 0 tax on the C 2 content of bunker fuel oil 13F0 This focus on
fuel is based on two assumptions
1A carbon content based bunkers tax is a near perfect proxy for CO2 emissions since
rem and sec carbon onbuaul In not only not economic it is next to
impossible

2 A tax on fuel will be 1111111 easier to implement and enrolee than a tax on the actual
emissions

1 iscorttiuh true mow and for the foreseeable hitlne But it Ulf Its out that 21 is just
flat n tong

The cumuli 1310 tax proposals 110sio wit lug
a collecting the tax at the ship lo el 01
b collecting the tax at the h npphel Iron I

13nt so f no one to the I S Lltoo ledge has said exu f lu hem this ill Le done 11 ho same

thing is tfuo of a httukel Lased apIlIltI1de w61 11 d needs to 11aNitol tool Consnucpt 1011
by Ship LIP 0e01011 that this 111s 1101 Loom dome is 1 hat it cant be done

Eithet sctem m of being dependent on the 1tlnvety Ticket that k the papaw l
that documents thetwuha or Linkers hoot the Lmnkei appliel to the hip puler either
system both bu1et and seller have an immense incentive to produce pa011that under
states the amount ofb tra11ferred lns a ti51 per 02 ton bnikol tax the
tax bill on a single 5001 ton 1CC Lu11keling will be about l3730L000 The opportunity
for collmion is 111053 fumble To pica pm tin would require incorruptible fearlo third party
inspectors at every bunkering ud their iaasrs and Luss1s Lessee n wild have to Lo egttallc
me1uruptible and 1011 FA e11 if one deploked Itch an funs of saints the s ten would
rasih Lo evaded by ekindest illy LIt11kei

This saintly mnle W011111 11103 1011 the strong support of the lie al legal s 41111 despite
the fact that the Lu11lumg con11try 1100 not 11111g 10 41111 tom collecting the tax h1aIA
if a bunkering country mark ranch drenu0 and aliant efforts to pt event collnsum that it
was succasfiil it utolIlll simply 11100 bunkering to 111 s vigilant nation iehoul Lau
would quickly fm co 011 110111 IIc1101s and MIN 110110 1340 snpphtls out of bushiest The
amounts of money at stake are o large that the c on 11111011 IN III oxhmd 11 mho 11ig11osr Iool
in all hilt till wealthiest eununies 1111 IMO ostimnos that international shipping omitted
d71 million tuns of 02 in 2111171 S 111 per ton 02 tax Ion went 1111 IU 10111011 dollar
a year of economic rout just wailing 10 be pounced o11

0110 can imagi attempting a layer or tuo of mnational ellec k on top of s a
stem but such Cheeks oill be too far Ir1101d hem mho aenrll na110a1 110110 to 1100 1110
impact and if the did thou would become t aided 011 the root of national souoloigi

Omen the ability ofImlketiug to move t0 the 111e teactir 11111S111111011 01 1111 ll

risdict at all by ang Lir enough offWm e enforcing a hunker tax on international
shipping is simply not feasible The same thing is true a fortiori of a hunkers
based ETS

1 Which raises the obvious question of why would even the most homs1 rouulry culture a tax which m is
not going to receive only to push its bunkering business elsewhere



3 Monitoring Stack Gas Emissions

Mark Twain is supposed to have said its not what we dont know thats the problem
Its what we know that ni i t so 2 The entire shipowning community has assumed that
monitoring ship stack 002 emissions in not feasible or at least not economically feasible

In fact CO2 stack e111isfous can Lo utouitnred to nu 111111 acv of better than 2 in it
reliable tauiperproof difficult to spoof 11taunor for about 550000 per hip And as a bonus
we can throw in a direct encrypted ti anfer of the data via satellite to a central pracnss111g
entity

Stack gas flows and composition are being measured all over the world It is multi
hundred million dollar business Beginning January 2010 the USA EPA required 1671
American installations to continuously monitor 002 emissious This GIIG ptogt0111 builds
on the Acid Rain Program ARP which has tainted continuous monitoring of slack 502
since 2000 or earlier

There are several highly competitive technologies for doing this 1 will mention jest one
as an example We need both total gas volume and the C 2 concentration of the gas

1 Measure volumetric low by ultrasonic pulses This works by measuring the difference
in travel time of sound pulses sent downstream and upstream hi the stack These
systems cost about 510000 The system is actually measuring gas flow velocity along
the path of the beam and is accurate to 01 mjs A typical ship stack velocity is 30
nis so we are talking 03

2 1deasure C02 concentration via absorption spectroscopv This system uses a laser to
project a beam across r stack The ftequeucy of the beam is tim to an absorption
line of the gas of interest The received signal is analyzed fin strength and line shape
Since the bandwidth of the boast Is toffy na tow ooh the gas of interest is picked
np AccmIc is Letter than 2i of leading 1 hose steal ost ab 1135000 One
aualsis box can sup multiple beams Itpiullly font t Sunlit and NOx control
regimes could piggyback on the C02 system by simply adding two more laser modules
to the anal

3 The data would be collected tit a sealed computer and periodicalh sat 11111 a 1a
transmitted direct Is to couttml pr out it Y piestimably 1 10 vin satellite ost
of the data storage and communication device less than jasinning we use the
strips Sateen system There 1s 110 ma 1101 nt a long as the message is platerly

encrypted and omcally signal
All this equipment is offItoshelf 1 hey tire 1 pit approved not by n compliant vendor

paid lasificut ion Society I by ro n llalor Isin 11 as I he US EP Get want
ili and ten 13tinsb lhItTS111 thats requited is a bit of application spoilt software
most of w is ahoadt tailaLle

Them ate set anal t to be made Wont such it system

No bypass burst and ioremost the stein is extreniel rlilic nil to IA pass l3pnssiug
au engine fuel flow ureter or 0 blinkers tra age is churls platnil the evidence
of such bypassing eau be loaned up mr 11x 11101 a 110111 But a LC will generate
up to 310000 1163 II if stay It gas 13y passing 1511 11 modest portio11 01 1 tits low will
require major 1Iod1lical iii of 1110 ships exhaust system with h would 110 v11y dill on
to hide from port state inspectors the modifications would require the 011luvauc of
a large port of the tow exposing the ow1l01 to whistle hewer risk Right now it is
the whistle blowers that the owners fear must Thu stem involves the crew 111 a way

that playing paperwork games does not

No paperwork The data guts direct to the I 10 There is no depeudenco oft the ship
or the hunker supph nr 11115 tllinl pall mspet for or 0 contramothatod bunkering
nation There will be 111 g et e for there is no impel to f

titian l5nu pnthabb art is id flu The quoin is nisi 0111nII5111t iinlld IeI1 Inh
13dlut demon Inning the a 111ut el themhole

I Regulnnnv Impact udtI I r Ilie landaon Repelling el II Inui Final Rule These

plants extend down tai 25 I Ihr111111 input about the ve 1 houax 0 lker poWeI phut The
EPA estimates the cost of the hardware to do this at a11103plus abouts000 for installation Table 42

1 A181ated sateoni would add Toss than 10000 to the runt or the svatew

r At least not before the data gets to the IMO IMO will have to enforce 1 h Itunestv of the data collection
staff in much the saute way a national mint enforces henecty on the pet yle who priul the money 13111 We
are talking about a handful of people in a Lightly cunt rolled enviIumneut



Nearly tamperproof Once the data is collected it is u ly im for the ship to
change it The data would not only be in a sealed Merlebox but it would br immedi
ately check summed and encrypted IfS1meolle were able to break into tho emissions
computer no one other than the software designers would know how to take advantage
of the breakin And any attempt to break into this box would seed an alarm to IMO
and expose the ship to special inspections and 1ines

Difficult to spoof There are 00 moving parts no sample extraction system whose tubes
alight be 7e Whatever the would be spoofol at 1111AS to do it has to
be dome in the middle of a hot stack The clew would have to be involved It has
to affect the whole beanl And it cant interfere with the beams in 0 Mantel the

system can detect Furthermore both the ultrasonic sensors and the laser are set up
to send au alarm if someone attempts to fiddle with Lheni or even generates a clearly
anomalous signal The probes themselves would he sealed to 1110 tack butte pl1psically
and electronically so ally attempt to remove thew would set Up 011 alarms and 1 exult
in broken seals

The cost of enforcement is almost in the noise Assuming a 1150 per ton CO2 tax a
1650000 package would be paid fot with 300 toes of fuel burn three fullpower steaming
lags for 0 VLCC if a system alarmed we will need inspectors to go onboard and find out
what happened but thi will Lo a11 oxcrptinmll case If system tupprll reading Ili the
readings are anomalous the hip would he charged an amount I hat is a gene his upped hou
on what slue could ha mitld during the pod iod 1 he system i down ur ualtun mooing n
the Alit program doe urns Elms the owner w ill he trough mueiyated to keep thevtrtu
colI Maintained

111 short tnonitoring of shipbased CO2 emissions is not only feasible it is
cheap Most ilapor tautly there is no oppot lenity tor collusion heneen the people that
are supposed to be collec the tax and those that cue suppmdd to be paying it

4 Using the Data

The next alestlum is haw 1100111 the Mi data wo II0 nlleet at 1 1O b nd

TX thinks the answer is hymn charge the polluter for his pollution Send the
0 bill fat his omission Tins is liscused in uMe detail in the next section Iloveor this
is not the only put iblc mho The emission data u he used

As a check on a bunkers tax based system If wo 41111Lut Illy st id with l bun kets based
tax stack gas monitoring could slake the stein work If for stark emissions did not
match the llrliveiv ticket oLluus then an inestigatliand pubamiably limos etc
would follow 1X t h tits is a needy 0111 t10m osl1 nnro complication of a
direct emissions tax 13nt it round Lo dome

To enforce a cap andtrade system TX has mgnd h oigle iu f v 1 of 0 tax over a
emissions permit it ailing 1 tell 13th it WE o0 toipusr an ETS lather than a tax
it should be lone via tack go data Ind Iut0I0n pmtd lull nn 1T5 din all it
faults is atl sapelir 1n 000ua01 and mood legislation espo i 1111

To enforce mandated standards Last and least the 10111 ooiild Lr turd n vfutce
orbittary stand ds Ste 1 It galatioi is Linn to L ilOffleIei hill 01 loll 114110s
Lien and unintended colnequences all 101110 10 all kuols of pelt it al inf11av esII

13 1110 111110 Iokro auoox1 0 m ae1i l0 1 1 ant Iht emisoo1 unnpnbn lei md ht designed
to send false Ignal Io the IIU xouhi need to mule Ib tale

r One could Imagine fo rxamplo ono kind of barrirr o0 d lector nl tp0oaom Item the Mau beam
path which would lox the ga flow along the pail Hut hutch a barner would have to be Im go mobul piece
of sumlute ensile dent zed in n uumbr 1 en

The datavould be anlomuooall audited upon re1ipl a1 the NI i 1000 unllaurtion and imply
sillkhan number Onrt again ibe inogram can leak it ftom Ole st 140101 li l pro cant

In 111 t tho1111 10 A101110 thy 001100

1t The system conlel he economically installed on ships Ihat burn as Intl le as 2 TPI of fuel 11110 kW At
501 02 660 payback oa 811110 1 ship bualli vould be about a half a near Since the data collection is
hilly automntel the marginal administration cost of adding another ship to IIIe database is uegligble

l m The Most haste nni mended consequence of EEUI is l lint 11 wont red 102 otuuSiOOs at 10151 not from
hectors where slowsteanoug 0a prulieel which includes nuke bulk canters mud lag containerships3



It flies in the face of all we know abo intelligent regulation 11 is the wrong thing to
do But it could be done

5 A Direct Emissions Tax

For all the roasotis discussed in 2 not to mention 101 years of onou1ics literature CTX
believes that the obvious 1150 of the emissions data is a direct tax Ouse a 111011111 1110 yenta al

data processing entity which for now I will assume is 1il10 would son the owner a bill for
his emissions

This raise a number of implementation issicr IN Mich Uttar In addussed

Price What should the level of the tax be Economic theory tolls us that the price of it
tom of C2 injectod into tll atmosphere regardless of source should be the marginal
social cost of that ton of C2 lhilmtnmately no one knows what that is Current

prices range from abort 15 per ton Ell ETS permit price to about 151 per tom
Swedish cat bon tax 1N10 will have to nuke a guess CTX recommends starting out
on the low skle say 25 to 50 per tom CO2 with the intention of probably Increasing
the tax in the future

N important 111 TXs 1ie1v is Mat whatever the Lax is it be fixed for at least 1
years This is requited to gi1 the owner the certainty they need to male tomtea
inn CStmlomts iu 02 reducing technology Eve c 1 years 1 l0 would meet to discuss
adjusting the price Ideally oyez time the Intel national shipping tax would follow
similar 02 taxes price in 011101 sedans

Getting Paid Sending our an Irvin1 is 11 or the aunt a sitruall collecting the tax Vet
huge sums kill be at stake Otvuol 11100 the ability to magically daappoai and re
appear in another lorpoIate gm 1 110 has no police porta To rennet the
the tax cunt be levied on the ship lii the cum of nom payment 1110 would send
mu an alert to the flag slate and the port states who 1100 party to the Convention
If the money is not forthcoming in a leasomlble amount of time 111111 intolost 111e
port states would 110 emlpr to 11018111 the Lip until the tuomic are punt Failing
such payments 1 he amp watld ho ati tuned oil to pan 1110 lama As long as the
bulk of the major port states detained hips for non payment 1111 nonpaying
owner would either lo his ship or be 0r rr1 o1 all lid mu 118 toad c
The key Is the in 1 goes

however1flag states shoaled haloon obiiatiom a 10011 Flag SI810 Whit II 10101atod
mom paving ship ow net lvomll be black fisted le the p states uppol l ing the legn
Iation his would tor flag daft 1i 11 r 01111 ar0 the lax 00 he relegated to slurp
that could trade oul in the backw criers

Term Charters There is a potential problem asocia tad with taxing the ship When a
ship is term chartered tiro term cha11 toror1e001es t110 offtc tivo owner Ile has control
over what bilkers are purchased 11 the Lip gods and how fast in o1 L01 words
how much C02 the slop produces For the stem to work the term chat 0100 not
OW owner 1111st 01111 111 Sting hat gad the cost of his pollution This will require
lcanollalIV 1111101 Cllallgos ill 1111 10111 cLlnrter 011tl act known ads 011111 001 panties
I that is 1100101 is a hal lei party clause that makes the term hot tared explicitly
responsible for the ship 02 emissions as billed by 1110 dining the Want 1011 of the
eLaltor 1 110 mill still till the slug but the owner heoales n pas tlmough The

10n01 will still 111110 to 001101 1rou1 160 chat tel01 bill this is all ago oldnoble and
the owner has a ilIIIbel 01 11 eapon at his disposal im lading withholhog discharge
III the event ofnonpayment

1 ter 100 Iine iulri the 01 in nriely I a1rl m re 1 Ina of 02 to uup0mg1lax 1110

caul un1 ill the inns epruIV inn o1 pull u1 our job in to do not ling else In1 11 hot Ind lel the
market go to work Ii ioItoit reynion m Ih1i happen o he elli nun deco this In ail mace no tilt
since rho hipoe1111ail11n1 11iein 111lmm1nl IIV 111 111111111 r0quuet 110111 hr alopld who n
exactly what we want In other welds once the proper tax Is ml plane any mandated IognireNOOl is pain
unnecessary or ball lot oriole IhaI ran inlu the I let ealegorv11

13 Al any green 11111o al most three 00 foot months of the lax will be at risk Any ship that is ro111 less
that four months of her 02 tax should be pulled off 1Iic water scud scrapped

14 Not of any Penalties due to system malfunction



The whole concept of a passt hough is not now Some port charges and canal tolls
are currently handled this way lit fact a whole body of law called a maritime lieu
has developed mound the concept of makiltg the ship responsible for non payment
of charterer expenses Nonetheless the enabling legislation nn4 make explicit the
owners right to require rcpaymeitt of the CO2 tax front 11 tenu chatterer and sub
charterers lls little different that asking a landlord to collect an electricity bill from
a tenant

6 The Scramble for the Rent

Elie final Alf billion dollar a year question is where should I he money go This is a political
issue faced by any syste111 that puts a value on a public good And it is an issue into which
CTX will not venture We will say only that the prshould be divied up in a way that

Makes the tax politically feasible Unless the tax is enacted the whole exercise is point
less This probably cleans that a portion of the proceeds has to go to the lag stales

Does not compromise the price mechanism This would occur for example if the flag
states competing f tt owners rebated a portion of the tax revenues to their owners
This would seem obtions but apparently it was not to the designees of flu Ell ETS
system which gives away dnnble pnunit 111 1hr bast of pest pollution Motel a
desttoviug a 101 1011 01 the i11colttio to udhacc eutssin11s ditch ledncti011 5501111 gat
the pollute SOW of next year 11ionnou

7 Conclusions

1 A catbou tax for international shipping Inked 1111 bitching btadel fuel 11mchas 1 1111110
be feasibly tltplolttute111111 11f01 ce11 Tbi 1111 111 hold a 101 tlul 6a a bu11kei
based taphill11110

2 A cat bolt tax based on direct stack measurement of C02 emissions is not ooh feasible

it is cheap 1111 it wrnld be far far w difficult to evade than a b1111kor based scheme
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Bunker costs in container liner shipping

Are slow steaming practices reflected in maritime fuel surcharges

1 1 Introduction

CHAPTER 4

Pierre CARIOU and Theo NOTTEBOOM

Abstract

Slow steaming has been implemented by the main liner shipping companies since
2008 The reduction in vessel speed affects fuel consumption and should be reflected
within the fuel surcharges paid by shippers This article assesses if this was the case for

the main outbound European container trades from the port of Antwerp Through an
extensive analysis of liner service characteristics fuel costs and fuel surcharges this
paper provides an answer to three research questions a How significant are slow
steaming practices in container liner shipping b What is the impact of slow
steaming on fuel consumption and liner service characteristics and c To what
extent has slow steaming changed the relation between fuel costs and fuel surcharges
imposed on shippers by shipping lines

Slow steaming or the reduction in the sailing speed of maritime vessels has become
an increasingly common practice in container liner shipping as the amount and unit
size of available vessel capacity rises and the price of fuel increases Alphaliner 2010a
Slow steaming can help to absorb vessel overcapacity as a slower commercial speed
will require more vessels to maintain the same service frequency per liner service
Slow steaming has also proven to be an effective way to save on fuel costs and to
restore liner shipping company profitability Slow steaming is also claimed to reduce
environmental emissions by ships at sea Kollamthodi et al 2008 Buhaug et al 2009
Corbett et al 2009 Cariou 2011 Faber et al 2010 However slow steaming
practices added a new source of contention between shippers and shipowners
regarding fuel surcharges known as Bunker Adjustment Factor or BAF implemented by
shipping lines since 1974 Menachof and Dicer 2001143 Shippers organizations
such as the European Shippers Council have objected for years that the way BAFs are
determined is opaque without uniformity and involves a significant element of
revenue making ESC 2003 20 ESC 200620 The anticompetitive effect of BAF was
already subject to studies shedding light on a tendency of BAF of amplifying bunker
prices rises Cariou and Wolff 2006 Meyrick and Associates 2008 impacting
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negatively consumers prices Karamychev and van Reeven 2009 and on the fact that
a combination of decreasing freight rates and fuel costs provide incentive to shipping

lines to stall the downward correction of the BAFs Cariou and Notteboom 2011 Slow
steaming added an additional dimension to the question whether fuel surcharges are a
revenue making instrument to shipping lines or only about cost recovery of incurred
fuel costs

This article adds to former studies in incorporating the impact from slow steaming It
investigates if slow steaming practices on major trade lanes are reflected within the
BAFs charged to shippers by shipping lines The paper addresses the follow research
questions

How significant are slow steaming practices in container liner shipping
What is the impact of slow steaming on fuel consumption and liner service
characteristics

To what extent has slow steaming changed the relation between fuel costs and fuel
surcharges imposed on shippers by shipping lines

To answer these research questions this paper presents first how fuel surcharges are
set up by shipping lines Section 3 presents a methodology for estimating the impact of
slow steaming on the average fuel consumption of containerships and consequently
on BAF Section 4 applies the methodology to 618 vessels deployed in 104 services

sailing fromto Europe in January 2010 and provides a comparison with 2008 the pre
slow steaming era Section 5 presents the results of a BAF vs fuel costs analysis for 90
OD relations using Antwerp as port of departure Section 6 provides the conclusions
and explores avenues for further research

2 Fuel surcharge practices since 2008

The application of fuel surcharges in liner shipping dates back to the liner conference
era Notteboom and Cariou 2011 In principle carriers cover basic bunker costs while
fuel surcharges only apply to changes above a certain level Fuel surcharge practices
have considerably evolved since the withdrawal in October 2008 of the European liner
conferences block exemption Regulation 405686 Their dismantling meant that
container shipping lines calling at European ports were banned from collectively
setting freight rates and other additional surcharges such as bunker and currency
surcharges and from publishing common tariffs In doing so this reduced the
commonality amongst pricing structures and surcharges that existed before with
freight rates and surcharges being negotiated directly between shippers and ship
owners and with container lines using sometimes diverging calculation methods for
determining fuel surcharges

Despite these changes guidelines still exist and are geared mostly for small shippers
For instance Maersk Line published in early 2008 a formula for determining its BAFs
with the aim of creating more transparency Maersk Line BAF calculator 2010 The
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formula known as Maersk Line BAF Calculator builds on two components Bunker

price changes in t x Trade specific constant so that

BAFBunker PriceBasexConsumptiondayxTransit Timed Factor

Bunker price change is extracted from the difference in t between a representative

basket of prevailing bunker prices in a specific trade BP and a predefined Bunker
base element for a trade Base or normal bunker cost already included in the freight
rate The trade specific component is function of the consumption in metric
tonsTEUday of a representative vessel a transit time in days and an imbalance
factor To provide an example from Maersk Line BAF calculator for a 20 foot dry
container exported from Belgium to China outbound in November 2010 the
reported BP was 435 USDton the Bunker base element equaled 65 USDton the
vessel consumption is 00256 mtTEUday the transit time 356 days and the trade
imbalance equal to 05 It led to a BAF of2x43565x00256x365x05j345 USD to be
paid for each FEU a value close to the one retrieved from CMACGM on line BAF
calculator 370 USDFEU

DelmasOTAL part of CMACGM group indeed also developed since September 2008
its own BAF formula following the dismantling of the Europe West Africa Trade
Agreement EWATA Similarly an average reference fuel oil price fuel oil
consumption per full TEU carried and an average fuel oil price in t1 are used for
calculation of the BAF applicable in month t1 Another example relates to OOCL Its
fuel surcharge policy is based on specifics on trade lane service loop vessel size and
round voyage capacity on a monthly basis OOCL uses a neutral third party provider of
bunker price information Platts for the major locations around the world and
selected a number of representative vessels for calculating fuel consumption a more
manageable way than taking into account the actual consumption of all their operating
vessels In general terms the formula is similar to Maersk Line or DelmasOTAL As for

many other shipping lines OOCL made a policy decision not to disclose the values for
each component in the formula If the bunker price in a month moves beyond the
agreed band of USD 25 either up or down then it will trigger a recalculation of the
total BAF payable in the following month see Notteboom and Cariou 2011 The new
calculation method led to a BAF that is lower compared to the previous liner shipping
conference environment

The new fuel surcharge calculators have not wiped out potential sources of contention
between shippers and shipowners Shippers express concerns about the
confidentiality of some inputs used in calculating the BAF Examples include the
projected cargo load for OOCL or imbalance factor for Maersk Line The representative
fuel consumption of vessels deployed on a specific trade is another major source of
contention in the fuel surcharge calculations Shippers face difficulties in verifying
vessel consumption figures which leads to some doubts in shippers circles about
whether the fuel savings caused by slow steaming practices are fully reflected in fuel
surcharges
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Using the former example of a container shipped from Belgium to China if the
decision to slow steam a service reduces by 10 the vessel fuel consumption and is
not factored in this generates ceteris paribus around 345 additional USD per FEU
10 of 345 which for a typical service with 10 x 4000 TEU vessels sums up USD
690000 additional revenues per trip However these revenues are not without a cost

Kollamthodi et al 2008 Corbett et al 2009 Faber et al 2010 as a vessels are
spending more time at sea reducing the annual payload b in case of significant speed
reduction additional vessels are required to keep a weekly frequency in the ports of
call Notteboom et Vernimmen 2008 Psaraftis et al 2010 and c for shippers in
transit inventory costs increase with transit time Efsen et al 2010 Bergh 2010
Cariou 2011 Next section presents a methodology to assess the first two effects

3 I The overall impact of slow steaming

Using an extended version of Maersk Line BAF calculator the BAF to be charged per
FEU for a service s with n vessels can be estimated as follows

aFCI ccFCABAF 2BP BaseI
l TransiitimcF

TEU
With FC SFC EL kt1h
And

FCk the fuel consumption at sea per day for a vessel k
FC port the fuel consumption in port per day
Rot the transit time in days witha days at sea and 1a in ports
IFs the imbalance factor for service s

TEU the total capacity in teu deployed in a service s
SFCk the Specific Fuel oil Consumption in gkWh
Elk the Engine Load in
kWhk the engine power in kWh

Slow steaming impacts both on the fuel consumption of each individual vessel k
FCksea and on the characteristics of a service s Focusing on the first component for

containerships carrying more than 1000 TEU which are using two stroke marine diesel
engines slow steaming reduces the main engine fuel consumption at sea FCksea with
a limited effect for the auxiliary engine and consumption in port Under normal
condition vessels were built for sailing at a speed close to design speed or an Engine
Load between 7090 of maximum continuous rate MCR a level at which the SFC is
optimal around 170195 gkW MAN BW Diesel AS 2008 Buhaug et al 2009
Psaraftis et al 2010 Faber et al 2010 This value varies with the engine type and
with weather conditions on route The impact of slow steaming on fuel consumption
depends on the magnitude of the speed reduction MAN BW Diesel AS 2008
Buhaug et al 2009 Psaraftis et al 2010 Faber et al 2010 As long as the speed is
reduced in small amounts up to a 1015 reduction the SFC remains fairly constant
As a rule of thumb engine power is related to ship speed by a third power When
speed is reduced by more than 10 the SFC increases by up to 10 This latter figure

4
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varies on the basis of engine characteristics vessel type and engine age as engine
retrofitting can limit the increase in SFC

The second impact from slow steaming is on the transit time and on the number of
vessels to be deployed within a service Notteboom and Vernimmen 2008 Psaraftis et
al 2010 Cariou 2011 The number n of vessels to add remains difficult to estimate as

this primarily depends on what the shippers can bear in terms of increase in inventory
costs Bergh 2010 and on the initial service characteristics in terms of the round
voyage distance the number and order of port calls the frequency the time buffers in
the liner service the fleet mix and the imbalance factor As an alternative some ports
of call can also be dropped Hence a decision to opt for slow steaming requires a

careful analysis of the tradeoff between a positive impact resulting from the reduction
in fuel consumption at sea and two negative effects the need for additional vessels in

case of significant reductions in speed the increase in the time spent at sea and
therefore in transit time The final impact on BAF is then to be multiplied by
differences in bunker prices transit time and by the imbalance factor for a service or
trade

4 1 The impact of slow steaming on fuel consumption at sea

Two sets of information are required to assess the impact of slow steaming on fuel
consumption for a specific trade a the number of services for which this strategy was

implemented and how these services were affected and b the vessel characteristics
in particular the reduction of the average fuel consumption as a consequence of slow

steaming To assess the extent of slow steaming per trade and the impact on fuel
consumption information was first gathered from three sources from Alphaliner
database Alphaliner 2010b in January 2010 that was merged with data from the
Lloyds Register Fairplay database 2009 and data on 90 outbound port toport
relations with Antwerp as the port of loading in July 2008 and November 2010 The
names of the shipping lines included in the dataset are not disclosed for confidentiality
reasons

The initial data contains in Alphaliner database is for 174 liner shipping services and a
total of 825 vessels deployed The status of a service with respect to slow steaming
was retrieved from comments in the database on liner service history Services were
then selected for 6 representative European container trades reducing the sample to
104 services with 618 vessels table 1 For each trade the mean age design speed
and engine power in kWh was then retrieved from LRF 2009

EuropeFar East is the first trade with 39 services 37 of the 104 services and with

273 vessels deployed 44 of the 618 vessels An interesting feature is disparities on
the extent of slow steaming from one trade to another For instance 795 of Far

1 According to oneyear data gathered from a private operator for a 4300 TEU containership with a
modern engine the SFC would only increase from 195 to 198 gkWh and the fuel consumption at sea
would fall by around 60

5



EuropeFar East services are reported under slow steaming contrary to services to
Africa 63 of services These results are roughly proportional to the exception of
services to Oceania to vessel size and sailing distances Regarding fleet structure Far
East is the trade on which the mean size of vessels is the largest and North America
Oceania and Africa are trades for which vessels are the oldest This later result is likely

to influence the power needed as age can be seen as a proxy of technology Another
important element to consider is differences in the structure of trade and in
particular the number of reefers Information gathered from private sources stresses
for instance that the consumption of the auxiliary engine for a typical 4000 TEU vessel
increases from 4 to 20 tons due to the number of reefers carried

Table 1 Main characteristics of 174 European liner services in January 2010

SS slow steaming

Source Authors from Alphaliner database January 2010 and LRF 2009

Table 2 provides additional information It is based on a selection of 90 outbound

services with Antwerp as a port of loading in July 2008 and October 2010 The port
pairs considered are all connected via direct linebundling services meaning that no
seasea transhipment takes place at intermediate hubs along the route We distinguish
two periods of analysis The first period is JuneJuly 2008 when the liner conference
system still existed As such the casestudy for the first period provides a snapshot of
fuel surcharge practices in the liner conference era at a time when fuel costs reached

unprecedented heights and when slow steaming was not yet implemented The
second period is October 2010 and is a time when slow steaming has been
implemented Indeed if slow steaming practices already started in the summer of
2008 particularly on the Europe Far East trade to cope with the high bunker costs as
reported by Notteboom and Vernimmen 2008 however the full impact became
visible in late 2009 and 2010 Indeed more and more shipping lines decided to opt for
slow steaming not only to save on fuel costs but also to absorb the vessel surplus
capacity created by the economic crisis Information on the average oneway distance
relates to the distance from Antwerp to the port of discharge including the diversion
distance to call at en route ports of call is also estimated The nautical distances were

calculated using the Dataloy distance tables In a few cases up to seven ports of call
are positioned between the loading port Antwerp and the port of discharge At the
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Number Mean

Services S5 Vessels SS TEU

Age Design
Speed

Engine
kWh

Africa 16 63 68 59 2662 9 21 23570

Far East 39 795 273 795 7970 5 25 58778

IndiaPakistan 11 727 63 746 4509 7 23 39202

Latin South
America 21 286 131 282 3251 7 22 27639
North America 14 143 74 257 3983 11 23 32971

Oceania 3 333 9 333 2940 10 22 24427

EuropeFar East services are reported under slow steaming contrary to services to
Africa 63 of services These results are roughly proportional to the exception of
services to Oceania to vessel size and sailing distances Regarding fleet structure Far
East is the trade on which the mean size of vessels is the largest and North America
Oceania and Africa are trades for which vessels are the oldest This later result is likely

to influence the power needed as age can be seen as a proxy of technology Another
important element to consider is differences in the structure of trade and in
particular the number of reefers Information gathered from private sources stresses
for instance that the consumption of the auxiliary engine for a typical 4000 TEU vessel
increases from 4 to 20 tons due to the number of reefers carried

Table 1 Main characteristics of 174 European liner services in January 2010

SS slow steaming

Source Authors from Alphaliner database January 2010 and LRF 2009

Table 2 provides additional information It is based on a selection of 90 outbound

services with Antwerp as a port of loading in July 2008 and October 2010 The port
pairs considered are all connected via direct linebundling services meaning that no
seasea transhipment takes place at intermediate hubs along the route We distinguish
two periods of analysis The first period is JuneJuly 2008 when the liner conference
system still existed As such the casestudy for the first period provides a snapshot of
fuel surcharge practices in the liner conference era at a time when fuel costs reached

unprecedented heights and when slow steaming was not yet implemented The
second period is October 2010 and is a time when slow steaming has been
implemented Indeed if slow steaming practices already started in the summer of
2008 particularly on the Europe Far East trade to cope with the high bunker costs as
reported by Notteboom and Vernimmen 2008 however the full impact became
visible in late 2009 and 2010 Indeed more and more shipping lines decided to opt for
slow steaming not only to save on fuel costs but also to absorb the vessel surplus
capacity created by the economic crisis Information on the average oneway distance
relates to the distance from Antwerp to the port of discharge including the diversion
distance to call at en route ports of call is also estimated The nautical distances were

calculated using the Dataloy distance tables In a few cases up to seven ports of call
are positioned between the loading port Antwerp and the port of discharge At the
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other extreme Antwerp sometimes acts as the last port of call in Europe while the
port of discharge is positioned as the first port of call in the overseas service area

Table 2 also depicts the average transit times between Antwerp and the overseas
destinations and the average vessel size per trade route Both elements are key
variables in determining the fuel consumption per container carried together with
commercial speed of services The commercial speed of the vessels was determined
using shipping lines information on total transit times and port time We decomposed
the real transit time on a porttoport basis into total sailing time average port time
per intermediate port of call and canal transit time Differences in vessel size with
values reported in table 1 are explained by differences in the characteristics of vessels
deployed from Antwerp with those of services from Europe

Table 2 Main characteristics of services in July 2008 and October 2010 of the set of
OD relations considered with port of loading Antwer

Notes

a Including the diver ion distance to call at en route ports of cal on liner service
b Including total sailing time total port time at Intermediate ports of call on liner service and canal
transits

Two markets experienced a decrease in commercial sailing speed EuropeFar East
with a significant reduction on average of 16 in speed and India Pakistan with a
mean decrease of 10 Furthermore a decrease in speed does not automatically
increase proportionally the transit time as some ports are dropped for some services
Indeed on most trade routes the average transit time together with the average
vessel size have increased between July 2008 and October 2010 indicating a trend
towards the use of larger unit capacities sailing at slower speeds compared to their
design speed The high transit time is not only caused by slow steaming the use of
ever larger container vessels implies a longer total port time on the route since more
and more containers need to be handled when the vessel calls at a port The cargo
volume increase is typically not offset by a higher terminal productivity in net terms
leading to more time spent in ports during a round voyage Also a change in the order
of port calls can have an impact on the total transit time between Antwerp and the
overseas port of destination Only Europe Oceania has seen a decrease in transit time
and vessel size
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Services

Distance

s Size in TEU

Transit time

in days
Commercial speed

in kt

Observatio

n

In nm

2008 2010 2008 2010 2008 2010
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LatinSouth
America 23

5765
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Oceania 7 13136 2922 2653 429 404 20 201
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other extreme Antwerp sometimes acts as the last port of call in Europe while the
port of discharge is positioned as the first port of call in the overseas service area

Table 2 also depicts the average transit times between Antwerp and the overseas
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variables in determining the fuel consumption per container carried together with
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using shipping lines information on total transit times and port time We decomposed
the real transit time on a porttoport basis into total sailing time average port time
per intermediate port of call and canal transit time Differences in vessel size with
values reported in table 1 are explained by differences in the characteristics of vessels
deployed from Antwerp with those of services from Europe

Table 2 Main characteristics of services in July 2008 and October 2010 of the set of
OD relations considered with port of loading Antwer

Notes

a Including the diver ion distance to call at en route ports of cal on liner service
b Including total sailing time total port time at Intermediate ports of call on liner service and canal
transits
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leading to more time spent in ports during a round voyage Also a change in the order
of port calls can have an impact on the total transit time between Antwerp and the
overseas port of destination Only Europe Oceania has seen a decrease in transit time
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To estimate the ships average fuel consumption per trade in 2008 and in 2010 we
retrieved information on the design speed and engine power of containerships from

LRF database 2009 For the design speed we considered the average value by vessel
categories For instance containerships sailing from Antwerp to Africa in 2008 are on

average of2525 TEU and the 107 vessels with a carrying capacity between 2000 and
3000 TEU reported in LRF 2009 have an average design speed of 223 knots To

determine the engine kWh we approximated a loglinear relationship between
engine kWh and TEU with Engine kWhexp andR In our former case
it leads to an engine power of 21444 kWh

We then estimated the fuel consumption per day using the design speed 223 the
commercial speed 201 in 2008 and equation 2 for a SFC assumed to remain constant
at 190 gkWh Fuel consumption is then due to engine power required and speed
which is assumed to be related to ship speed by a third power For our typical vessel
sailing to Africa in 2008 at a commercial speed of 91 of design speed 201223the
mean fuel consumption per day at sea is 24x09174 tons of
fuel burned by day at sea in 2008 at design speed the ratio is 1 instead of091 Table
3 presents results on fuel consumption per day for all trades in 2008 and 2010 It also
presents similar results using the fuel consumption per dayTEU reported in Maersk
Line BAF calculator in November 2010

Table 3 Fuel consumption at sea of the main engine in July 2008 and October 2010 in
tonsday

Reported value in November 2010 x by estimated size of containerships in Table 2

Differences between estimated values and reported value by Maersk Line can be
explained by the characteristics of services for this company compared to services
originated from Antwerp However several general conclusions can be drawn Firstly
values reported by Maersk Line are closer to the fuel consumption at design speed
rather than on fuel consumption at commercial speed Secondly for some trades
namely Africa and LatinSouth America a huge gap exists between estimated and
reported values

2 We also considered age but without significant results A likely explanation is that vessel size already
captures the influence of age
8

2008

at design
speed

2008

at commercial

speed

2010

at commercial

speed

Maersk

Line

Africa 98 74 95 191

Far East 261 178 131 238

IndiaPakistan 146 124 83 160

Latin South
America 138 107 86 218

North America 151 91 84 156

Oceania 111 83 77 106
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5 1 Comparison between fuel costs BAF and freight rates

So far the analysis focused only on one part of the equation the impact of slow
steaming on the average fuel consumption in metric tons per day The analysis of the
impact on BAF and its share within the total price to be paid by the lines customers is
more difficult to assess For the former to the base freight rate a series of surcharges
such as the BAF the CAF currency adjustment factor the THC Terminal Handling
Charges piracy surcharge Gulf of AdenSuez transit port congestion surcharges if
any and often also container equipment related surcharges eg demurrage charges
detention charges equipment handover charges equipment imbalance surcharge
special equipment additional for an open top container or heavy container etc need
to be considered This section focuses first on the impact on BAF while the base freight
rate emerges later in the analysis

Table 4 Estimatedfuel costs and reported BAF in July 2008 and October 2010

July 2008 IF0380 US 585 per ton MDO US1125 per ton
Port of loading Antwerp Average Average Difference Standard Minimum Maximum Ratio BAF

fuel costs BAF per BAF fuel Deviation deference difference versus fuel

per FEU FEU cost per BAF fueI BAF fuel cost per
carried 1 Oct 10 FEU carried costs costs FEU carried

aRegion of port of discharge

AfricaFar East
hdia Pakistan

Latin and South America

North AmericaOceania

October 2010 1F0380 US 435 per ton
Port of loading Antwerp Average Average Difference

fuel costs BAF per BAF fuel
per FEU FEU cost per

carried 1 Oct 10 FEU carried

Region of port of discharge a

AfricaFar East
hdra Pakistan

Latin and SouthAmerica

North AmericaOceania
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U561112

374913789
6621691

U5E684184
458464431
1178

USE1329

1003847130811951453

USE1077

2337331186
389

US6

217829

66519533238

115E39354280722
4222

U53

13416525352
7558

USE4242683
11296285

MDO US 680 per ton
Standard Minimum

Deviation difference

BAF fuelcosts

US1639674
53561156

US110

84192162
129IW

USE286846331119
562176

Maximum Ratio BAF Base Ratio BAF

difference versus fuel freight versus
BAF fuel cost per rate per base

costs FEU carried FEU freight rate

1 Oct 10 per FBIcarried
USE

5311163621258
396

Ratio

1 20268093166
181086

Ratio

1 571 291 612 560901 19

Base Ratio BAF

freight versus
rate per base

FEU freight rate

1 Oct 10 per FEUcarried
US

17989359216283711628

USE1501702569182818541841

Ratio074

10821430803 22089

Ratio0720 34110065021076
The comparison between our estimates on BAFs and those observed in 2008 uses a

bunker price of US 585 per ton for the fuel grade IFO 380 to which a US 1125 for
marine diesel oil MDO was added These figures relate to the average bunker price in
Rotterdam in the month of June 2008 Average bunker prices in September 2010
reached US 435 per ton for IFO 380 and US 680 per ton for MDO For each portto
port relation we included an imbalance factor retrieved as the mean value reported in
Maersk Line BAF and similar values retrieved from the ratio between outboundto

inbound BAF charged by CMACGM in October 2010 The mean value is 156 for

services from Europe to Africa 044 to Far East and 098 to LatinSouth America 128
to North America the remaining two trades being with a factor of 1 We assumed that
the same imbalance factors applied in July 2008 The fuel consumption by the auxiliary
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engine is assumed to be equal to 10 of the consumption of the main engine EPA
2000 to which 10 tons per day at sea were added in order to account for reefers for
services to LatinSouth America Table 4 reports final estimates for the BAF values

Figure 1 BAF fuel costs and base freight rate per FEU porttoport relations with
loading port Antwerp
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Table 4 and figure 1 bring together the main results of the analysis Data relates to the
transport of one FEU The figures for BAF and the base freight rate were collected from
freight forwarding companies and liner agencies in Antwerp The following conclusions
can be draw First of all the BAF per FEU carried is typically much higher than the

average fuel costs per FEU that we estimated These results confirm the earlier
findings of Meyrick et al 2008 and Notteboom and Cariou 2011 who concluded that
the BAF would involve an element of revenue making for some trades For JuneJuly
2008 the BAF turned out to be slightly lower than the fuel costs in only 19 of the 90
cases In October 2010 this figure amounted to 14 cases most of these on the Europe

North America trade The results underline that the revenue making character of BAF
has not disappeared after the abolition of liner conferences and the wider adoption of

slow steaming On the contrary four of the six trade routes considered see an even
larger gap between BAF and actual fuel costs The revenue making characteristic of the

BAF became more significant on the shipping routes from Antwerp to Africa from a
BAFfuel costs ratio of 12 in July 2008 to a ratio of 157 in October 2010 mainly
caused by high fuel surcharges to West African ports Latin and South America from
166 to 256 mainly caused by BAF practices to destinations in Mexico and the

Caribbean IndiaPakistan from 093 to 161 and Oceania from 086 to 119 Except
for IndianPakistan these trade lanes have not been subjected intensively to a shift
towards slow steaming The widening gap between the fuel surcharges and the actual
fuel costs on the IndiaPakistan route demonstrates shipping lines clearly have not
passed on the fuel savings resulting from slow steaming practices on this trade to
customers Part of the explanation might relate to the increasing risks of delays in
Indian ports as a result of increased concerns over port congestion However if such
were the case then congestion surcharges should be used as a means to compensate
for delays not the fuel surcharges As also a number of West African container
terminals are plagued by severe port congestion a similar point can be made on the
high BAFfuel costs ratio on the EuropeAfrica trade The fuel savings resulting from
significant scale increases in vessel size on the African route see table 2 have not
resulted in a proportional decrease in fuel surcharges

The EuropeFar East and Europe North America routes are the only trade routes that
have seen a relative narrowing of the gap between BAF and actual fuel costs Fuel
surcharges on the EuropeNorth America trade are on average no longer sufficient to
cover the fuel costs meaning that part of the fuel costs must be absorbed in the base
freight rate The EuropeFar East route provides the most interesting results
particularly in light of evaluating the impact of slow steaming on fuel surcharge
practices In the summer of 2008 shipping lines were still strongly overcharging
customers for the incurred fuel costs ratio of208 Bunker cost per ton peaked in the
summer of 2008 and shipping lines seized this opportunity to charge
disproportionately high fuel surcharges The situation eased somewhat in 2010 with
most shipping lines now overcharging customers for the incurred fuel costs with BAFs
typically at 10 to 50 above fuel costs average ratio of BAFfuel costs of 129 The
increased adoption of slow steaming on this trade combined with the deployment of
larger vessels has reduced the fuel costs per unit carried This development did not
lead to a widening of the gap between BAF and these fuel costs While fuel
overcharging is still common practice more of the fuel cost savings are passed on to
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customers than in July 2008 The broader adoption of all in rates and the use of
relatively moderate fuel surcharges suggest that the EuropeFar East trade is becoming
a trade route where shipping lines seem to have tempered BAF revenue making
strategies Shipping lines pricing practices on this trade route combined with a limited
possibility for shippers to verify base data make it harder for shippers to prove that the
savings generated by slow steaming are not passed on to them in an adequate way

Variations exist in the difference between BAF and the estimated fuel costs per FEU
see minimum and maximum values in table 4 The spread in observations is
particularly high for Latin and South America A further investigation of the data
stresses that the observed spread is mainly the result of differences in shipping lines
BAF policy for specific ports of discharge The BAF strategy of shipping lines with
respect to destinations in IndiaPakistan North America and Oceania is more aligned

6 1 Conclusions

This paper aimed at incorporating the impact of slow steaming in the ongoing
discussion on fuel surcharge practices of shipping lines We analyzed the relation
between slow steaming practices and BAFs by focusing on three distinct research
questions a How significant are slow steaming practices in container liner shipping
b What is the impact of slow steaming on fuel consumption and liner service
characteristics c To what extent has slow steaming changed the relation between
fuel costs and fuel surcharges imposed on shippers by shipping lines Table 1 showed
that slow steaming has become a common practice on the EuropeFar East trade while
it also gained in importance on a number of other trade routes Slow steaming
practices were initiated in the summer of 2008 particularly on the EuropeFar East
trade as a response of shipping lines to fast rising bunker costs However the full
impact became visible in late 2009 and 2010 as more and more shipping lines decided
to opt for slow steaming not only to save on fuel costs but also to absorb the vessel

surplus capacity created by the economic crisis This paper showed that slow steaming
leads to longer transit times and more vessels per liner service and significantly
reduces fuel consumption of vessels deployed

A casestudy including 90 porttoport relations with the port of Antwerp as the base
loading port demonstrated slow steaming has had some impact on the differential
between fuel costs and the fuel surcharges imposed on shippers by shipping lines The
results underline that the revenue making character of BAF has not disappeared after
the wider adoption of slow steaming but the results tend to differ according to trade
route considered The BAF revenue making strategies of shipping lines have become
weaker on the Europe Far East trade the main slow steaming trade but stronger on
the Europe IndiaPakistan trade another major slow steaming liner route On trade
routes with a low slow steaming impact the BAF typically outstrips the actual fuel
costs by a factor of 05 to 15 The only noticeable exception is the Europe North
America trade with most shipping lines now no longer covering the fuel costs via BAF

12



One recurrent explanation for the fact that slow steaming has not lead to a closing of
the gap between BAF and actual fuel costs is that slow steaming generated additional
costs Indeed shipping lines had to incorporate more vessels within services in order
to keep the weekly frequency However this seems not a valid reason to shippers as
they are typically paying more BAF for a liner service that shows a poorer performance
in terms of transit time

This paper does not pretend to provide a full answer to all pending issues in this area
While we could present a set of clear conclusions there is room for further indepth

and comparative research on the relationship between BAF slow steaming and the
actual fuel costs One obvious extension lies in broadening the scope of the case study
to other regions other shipping lines and other base ports Such comparative research
would reveal whether BAF policies are to some extent portspecific carrier specific or
route specific Another field of further research lies in the analysis of the relationship
between BAF slow steaming and fuel costs on port pairs that are not linked to each
other via direct services but for which sea sea transhipment in another port is needed
before reaching the port of discharge ie interlining relay or hub feeder systems In
our case study we have only considered direct liner services
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Is slow steaming a sustainable means of reducing CO emissions
from container shipping

Slow steaming strategies have been implemented by most shipping lines and significantly
reduce CO emissions from international shipping This article measures the rate at which
CO emissions have been reduced for various container trades and estimates the bunker

breakeven price at which this strategy Is sustainable in the long run It is found that shows
such reductions can only be sustained given a bunker price of at least 53505400 for the
main container trades

2010 Elsevier Ltd All rights reserved

Slow steaming has become increasingly common in liner shipping as the amount of available capacity rises and the price
of fuel increases One positive effect of slow steaming is that it lowers CO emissions that are proportional to the amount of
fuel burned This effect is worth studying especially for container vessels which represented 4 of all maritime vessels but
generated 20 of emissions from international shipping in 2007 Psaraftis Kontovas 2009 Reducing a vessels speed by 10
decreases emissions by at least 1015 but also creates substantial losses in revenues Psaraftis and Konlovas 2010 This
paper uses secondary data to provide a more accurate view of the impact of slow steaming on liner shipping CO emissions
since 2008 not on the global level but for specific trades subject to different rates of slow steaming

For containerships with a capacity of more than 1000 TEU using two stroke marine diesel engines a speed reduction from
design speed Vas to slow steaming V for a vessel k impacts the main engine fuel consumption at sea MEI with a lim
ited effect on the auxiliary engine Faber et al 2010 Accordingly the effect of a speed reduction on CO emissions for a ser
vice with n vessels can be approximated as

MEI en x Dk a ME r Di pon 317 x AFC1e t1

2

tmad address pierreaiuuirrnmed manage me 11 011
We omit periods dui mg which vessels are hotelling or transiting through canals We also ignore the fact that the use of bow thrusters and the number of

reefer containers affect fuel consumption



Table 1

Main engine consumption at sea in tonsday at design speed

P CariouTransportation Research Part D 16 2011260264 261

Vessel size TEU LRF database This paper

Number of vessels Design speed V Mtk at V Number of vessels Design speed V MEr at Vd

10002000 94 194 53 249 19 6 53

20003000 100 209 81 368 218 89

3000 5000 152 229 128 644 236 143

5000 8000 93 248 209 420 249 220

8000 12 244 258 249 246 272

Four hundred and fiftyone vessels for which consumption at sea is provided
Thousand nine hundred and thirty vessels for which the engine kW h is known

where the emission factor in kilograms of CO2 emitted per ton of fuel burned by the main engine is317 Dk is the number
of days at sea and Dk is the number of days in ports The main enginesdaily fuel consumption at sea ME is the prod
uct of specific fuel oil consumption SFOC engine load ELk and engine power kW hk Vessels are built for sailing close to
design speed which is 7090 of the maximum continuous rate MCR a level at which the SFOC is optimal and at around
180195gkW h This value varies by engine type and can change in different weather conditions We assume that fuel con
sumption in port MEk is 5 of the main engine consumption at design speed US Environmental Protection Agency
2000

The impact of slow steaming on fuel consumption depends on the speed reduction As long as the speed is reduced in
small amounts up to a 1015 the SFOC remains fairly constant a rule of thumb is that engine power is related to ship speed
by a third power When speed is reduced by more than 10 perhaps to 30 as assumed here the engine load decreases to
around 40 of MCR and the SFOC increases by up to 10 a figure that varies according to engine characteristics vessel type
and engine age

We assume that when a vessel is sailing at close to that is the preslow steaming era the SFOC is 195 gkW h and the
engine load is 90 of MCR When the speed is reduced by 30 the SFOC increases to 205 gkW h For a typical 4000 TEU
containership with a 43000 kW h engine and a design speed of 24 kn this implies that fuel consumption at sea is 182 tons
per day at design speed When sailing 30 slower at 17 18 lm the fuel consumption is 85 tons per day a 55 reduction This
reduction in fuel consumption is applied to slow steaming vessels although differences exist in terms of vessels and trades

With slow steaming however the rotation s stretched by ARoI the average number of stiles travelled in a year per vessel
falls although the time required in port for a particular service remains similar as more vessels are deployed In fact addi
tional vessels are required to maintain a weekly frequency at each port of call Notteboonl and Vernmlmen 2008 This Im
plies that the long term sustainability of slow steaming depends on the additional operational costs for the n vessels added
0C and on changes in inventory costs IC as containers spend more trine at sea The bunker price breakeven point BP
for which the reduction is sustainable is

BP 3 AOC ARor x1C
13

AFC1

As long as the current bunker price is significantly more than BP slow steaming is viable and one can expect that the
reductions achieved in CO2 emissions will be maintained

3 CO reductions from slow steaming 20082010

An estimation of the impact of slow steaming on CO emissions on the trade level requires information on the initial ves
sels fuel consumption at sea at design speed ME to which a 55 reduction will apply when that vessel is slow steaming
and on service characteristics including the number of services and vessels under slow steaming the days at sea and in port
and the number of vessels deployed

To determine MEkoen information from LloydsRegister Fairplay LRk January 2010 was used Table 1 provides details on
the daily fuel consumption for 451 container vessels grouped into five categories We compared these figures with our esti
mates based on a load factor of 90 and an SFOC of 195 gkW h which is multiplied by the engines kW h The latter infor
mation is available for 1930 vessels in LRF

To assess the impact of slow steaming by trade information was gathered from the Alphaline r 2010 database in January
2010 These identify the service in which a vessel is deployed for 2051 containerships with carrying capacity of more than
1000 TEU Furthermore for each of the 387 services the route frequency rotation in number of days and ports of call are gi

2 According to 1 year data gathered from a private operator for a 43001 Ell contamership with a modern engine the SFOC would only increase from 195 to
198 gkW h and the fuel consumption at sea would fall by around G0 when speed is reduced by 30

Even for the 4300 TEU vessel considered here it runs at 1020 of MCR equivalent to 12 14 kn 10 of the rotation
4 For the 2051 1930 vessels for which the engine kW h is not known we assume that their consumption is equal to the mean of the category to which they

belong fable 1
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Table 2

Impact of slow steaming on annual fuel consumption per vessel 2008 2010

Vessel size Characteristics 2051 vessels Days at sea Average fuel oil consumption per ship
TEU in 000 tons per year

Number of Vessels slow Mean size Design 2007 and 2010 2007 This paper This paper
vessels steaming TEU speed V 2008 2008 2010

10002000 278 194 1481 195 241 244 9700 8997 8759

20003000 398 226 2542 217 247 250 15600 15409 14666

30005000 677 372 4087 236 250 255 25200 24698 22789

50008000 432 657 5948 249 251 260 37500 36695 31541

8000 266 755 9175 246 259 270 46400 46727 38777

Based on AIphaliner 2010
From Bohaug et al 2009

Table 3

Impact of slow steaming on CO2 emissions by trade 2008 2010

Calculations based on Ai phaln 110

Number of sel vices slow Number of vessels slow Mean size in CO emissions in 2010
services steaming vessels steaming TEU 000 tons 2008

Multitrade 63 57 539 642 5994 47500 165

Europe Far East 28 786 115 748 7720 12900 164

Asia North 52 423 323 471 5142 29400 97

America

North Atlantic 22 227 98 306 3469 5778 67

Australasia 17 235 96 271 3490 6275 41

Oceania

Latin America 73 205 314 242 2823 16200 48

Caribbean

Middle EastSouth 87 230 342 257 3802 22900 67

A51a

SouthEast Africa 16 31 3 97 299 3007 5460 59

West At ica 29 207 127 378 2106 4510 91

Total 387 354 2051 429 4485 150921 112

ven We retrieved information on Ole status of a service with regard to slow steaming from comments in the database on service
history Table 2 provides descriptive statistics for vessel size 429 of vessels were slow steaming in January 2010 with the
proportion of ships slow steaming rising with vessel size

The number of days spent at sea 111 2008 is assumed similar to 3uhaug et aL2009 and as a result of die slow steaming
the average time at sea rose in 2010 from an average of 259 270 days this increase is Table 3 and is obtained by adding
2 weeks one in each direction to services reported to be slow steaming in 2010 For vessels deployed in a service under slow
steaming 354 of services in 2010 a 55 reduction in fuel consumption at sea is assumed In 2008 the bunker consump
tion for the 2051 container vessels was 536 million tons Even though 137 more vessels were used bunker consumption and
CO emissions decreased by an estimated 111 in 2010 as a consequence of slow steaming

Turning to trade differences Table 3 shows the characteristics of 387 services aggregated into eight trades with an addi

tional category for multi trades services covering more than two trade routes such as aroundtheworld and pendulum ser
vices The largest number vessels are deployed in multi trades 351 of capacity followed by the Asia North America
181 of capacity and the Middle EastSouth Asia 141 of capacity trades The under representation of the EuropeFar
East trade is because most multi trade services cover this leg In January 2008 786of EuropeFar East services were under
slow steaming compared with 571of multi trades

The decrease in emissions is 111 due to reductions in fuel consumption represents a fall from 170 million tons of CO2 in
2008 to 151 million in 2010 with the greatest reduction is for vessels on the multi trade and EuropeFar East services This
contrasts with smaller trades such as AustraliaOceania related trades which are subject to less slow steaming

4 The sustainability of slow steaming

To determine the sustainability of slow steaming Eq 3 the cost of adding vessels to a service under slow steaming as
well as the increase in inventory costs for shippers must be considered Operational costs vary according to the number of
vessels added and their characteristics We assume the former is proportional to the number of services under slow steam
ing with one vessel added for each service For these vessels the average daily operational costs OCk were retrieved from
FISH Nordbank 2008 This figure was 7000 per day for 10002000 TEU vessels 8000 per day for 20003000 TEU vessels
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and 9000 for 3000 TEU plus capacity vessels To dete inventory costs we rely on the estimate provided by Eelsen and
Cerup Simonsen 2010 of an average value of 27331 per TEU an annual Interest late of 35 with 70 of full containers

For instance for multi trades services in January 2010 we assume that 36 vessels 571 A 63 have been added to this
trade since 2008 Given the characteristics of vessels on that trade the average daily operating cost is 8833 and the break
even bunker price point is a function of

Annual savings on consumption derived from Table 3 which are equal to 5690000047500000
2 317 1482000 tons of fuel

Additional operational costs which are equal to 116 million for the 36 additional vessels
Intransit inventory costs equal to 266 million for 70 of the 642 32 million TEU that are spending one additional
week at sea

The bunker breakeven price for multi trade services at which slow steaming would be viable is then equal to 259 per
ton of IFO Given current bunker prices suggesting that vessels are unlikely to return to normal speeds and companies are
unlikely to remove the additional capacity in multi trade services in the near future Fig 1 presents the results for all trades

The findings have a number of implications In the AustraliaOceania Latin AmericaCaribbean trades the percentage of
services under slow steaming are relatively low and the bunker breakeven point is relatively high as a result of the low ratio
between time at sea when savings occur and time in port For these services BP is more than 550 For the sake of com
parison the IFO bunker price in Rotterdam fluctuated between 260 and 470 per ton in 2009 For many trades the break
even point is close to the average value observed in Rotterdam For these markets the implementation of a tax levy Marine
Environment Protection Committee 2009a of around 50 could be enough to pass the break even point

This paper shows that slow steaming has reduced emissions by around 11 over the past 2 years close to the target of a
15 reduction by 2018 that was proposed by the International Maritime OrganisationsMarine Environment Protection
Committee 2009b Furthermore the reduction is achieved without the adoption of any new technology in the short run
but remains fragile in the long run Indeed if bunker prices fall while freight rates and inventory costs rise the profit motives
for operating a vessel at full speed are likely to rise Since this is likely to cause freight rates to rise slow steaming can only
remain sustainable if bunker prices remain high or if powerful marketbased solutions such as tax levies andor capand
trade systems are implemented to sustain bunker prices However a variety of technical elements were not considered
At very slow speeds additional consumption occurs the quality of the exhaust is altered and such slow speeds can give rise
to design and safety issues
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