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CHAPTER 4

Bunker costs in container liner shipping:
Are slow steaming practices reflected in maritime fuel surcharges?

£

Pierre CARIOU and Theo NOTTEBOCM

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?

1 | Introduction

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, 2001:143). 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, 2006:20). 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:

e How significant are slow steaming practices in container liner shipping?

e What is the impact of slow steaming on fuel consumption and liner service
characteristics?

e 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 from/to Europe in January 2010, and provides a comparison with 2008, the pre
slow steaming era. Section S presents the results of a BAF vs. fuel costs analysis for 90
0/D 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 4056/86). 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 caiculator, 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:

BAF.=(Bunker Price,-Base)x(Consumptionse aayix(Transit Timeaq,)x(Imbalance Factor)

Bunker price change is extracted from the difference in t between a representative
basket of prevailing bunker prices in a specific trade (BPy) 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
tons/TEU/day 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 USD/ton, the Bunker base element equaled 65 USD/ton, the
vessel consumption is 0.0256 mt/TEU/day, the transit time 35.6 days and the trade
imbalance equal to 0.5. It led to a BAF of 2x[435-65]x[0.0256x36.5x0.5]= 345 USD to be
paid for each FEU, a value close to the one retrieved from CMA-CGM on-line BAF
calculator (370 USD/FEU).

Deimas/OTAL (part of CMA-CGM 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 t-1 are used for
calculation of the BAF applicable in month t+1. 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 alt their operating
vessels. In general terms, the formula is similar to Maersk Line or Defmas/OTAL. As for
many other shipping lines, COCL 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 Nottehoom and Cariou, 2011). The new
calcutation 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 reflacted in fuel
surcharges.
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Using the former example of a container shipped from B8elgium 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 34.5 additional USD per FEU
(10% of $345) which for a typical service with 10 x 4,000 TEU vessels sums up USD
690,000 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 | 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:
v @ FC, +(1-a)FC,

prat )

BAF, . =2.(BP — Buse JTransittime IF 1
1o = 2480 )Z TG ] F, (1)

With FC, ,, =SFC EL kW, {2)

And:

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

FCy port the fuel consumption in port per day

Rot, the transit time in days with a,.Rot, days at sea and (1-a,}.Rot, in ports

IFs the imbalance factor for service s

TEU, the total capacity in teu deployed in a service s

SFCy the Specific Fuel oil Consumption in g/kWh

ELy the Engine Load in %

kWhy the engine power in kWh

Slow steaming impacts both on the fuel consumption of each individual vessel k
(FCyea) and on the characteristics of a service 5. Focusing on the first component, for
containerships carrying more than 1,000 TEU which are using two stroke marine diesel
engines, slow steaming reduces the main engine fuel consumption at sea (FCy <es), 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 hetween 70-90% of maximum continuous rate {MCR)}, a level at which the SFC is
optimal - around 170-195 g/kW (MAN B&W Diesel A/S, 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 B&W Diesel A/S, 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 10-15% 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 trade-off 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 | The impact of siow 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
Lloyd’s Register Fairpiay database (2008); and data on 90 outbound port-to-port
refations 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).

Europe/Far 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, 79.5% of Far

! According to one-year data gathered from a private operator for a 4,300 TEU containership with a
modern engine, the SFC wouid only increase from 195 to 198 g/kWh and the fuel consumption at sea
would fall by around 60%.
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Europe/Far East services are reported under slow steaming, contrary to services to
Africa {6.3% 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

Number Mean
Age |Design |Engine
Services |% S5 |Vessels |% SS | TEU Speed | kWh

Africa 16 6.3 68 5.9| 2662 9 21 23,570
Far East 39| 795 273 79.5| 7970 5 25 58,778
India/Pakistan 11| 72.7 63| 74.6| 4509 7 23 39,202
Latin /South

America 21| 28.6 131 28.2| 3251 7 22 27,639
North America 14| 14.3 74| 25.7| 3983 11 23 32,971
Oceania 3| 33.3 9| 33.3| 2940 10 22 24,427

5§ = slow steaming
Source: Authors from Alphaliner database (lanuary 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 line-bundling services, meaning that no
sea-sea transhipment takes place at intermediate hubs along the route. We distinguish
two periods of analysis. The first period is June-July 2008, when the liner conference
system still existed. As such, the case-study 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 one-way 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 port-to-port 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
0O/D relations considered with port of loading Antwerp

Distance Transit time | Commercial speed
Services 3 Size in TEU in days in kt
Observatio [In nm
n 2008 (2010 ;2008 2010 2008 2010
Africa 15 4731} 2525|3903] 175 17.8 20.1 19.6
Far East 24 11183 7563} 9308] 25.6| 29.1 22 18.4
India/Pakistan 9 716543963 | 4505| 20.9| 24.8 21.3 19.1
Latin/South 5765
America 23 370014180{ 17.3] 18.1 20.7 15.8
North America 12 5096 4102|4283 16.6 17 20.3 195
Oceania 7| 13136|2922(2653] 429]| 404 20 201

Naotes:

{a} Including the diversion distance to call at en-route ports of call on liner service

{b) Inciuding total sailing time, total port time at intermediote ports of call on iner service and canal
transits

Two markets experienced a decrease in commercial sailing speed, Europe/Far 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 handied 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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To estimate the ship’s 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 of 2,525 TEU, and the 107 vessels with a carrying capacity between 2,000 and
3,000 TEU reported in LRF (2009) have an average design speed of 22.3 knots. To
determine the engine kWh®, we approximated a log-linear relationship between
engine kWh and TEU, with Engine kWh=exp®®’.TEU*®* and R?=0.86. In our former case,
it leads to an engine power of 21,444 kWh.

We then estimated the fuel consumption per day using the design speed (22.3}, the
commercial speed {20.1 in 2008} and eguation 2 for a SFC assumed to remain constant
at 190 g/kWh. 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, {20.1/22.3), the
mean fuel consumption per day at sea is 24x0.91°x190x21,444/1000000= 74 tons of
fuel burned by day at sea in 2008 (at design speed, the ratio is 1 instead of 0.91). Tahle
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 day/TEU 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
tons/day

2008 2008 2010 Maersk
at design at commercial at commercial Line*
speed speed speed
Africa 98 74 a5 191
Far East 261 178 131 238
India/Pakistan 146 124 83 160
Latin/South
America 138 107 86 218
North America 151 91 84 156
Oceania 111 83 77 106

* 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 Latin/South America a huge gap exists between estimated and
reported values.

* We also considered age but without significant results. A likely explanation is that vessel size already
captures the influence of age.
8
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5 | Comparison between fuel costs, BAF and freight rates

So far, the analysis focused only on aone 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 line’s 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 Aden/Suez transit), port congestion surcharges (if
any) and often also container-equipment related surcharges {e.g. 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 iater in the analysis.

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

July 2008 (IFO380 = US5 585 per ton, MDO = USS 1,125 per ton)

Port of loading = Antwerp Average Average Difference Standard Minimum Maximum Ratio BAF Base Ratio BAF
fuelcosts BAFper BAF.fuel Dewiation difference difference versus fuel freight versus
per FEU FEU cost per BAF - fuel BAF - fuel cost per rate per basa
carried 10ct1¢ FEUcarried costs costs FEU carriad FEU frgwght rate
Region of port of discharge (a) 10ct10 per FEU
carried
UsS Us§ UsS Uss Us$ uss Ratio uss Ratio
Africa 1112 132¢ 217 134 -42 286 1.20 1798 0.74
Far East 372 103 629 185 426 848 288 a3 10 82
ndia / Pakistan 913 847 -86 25 -83 -33 093 592 143
Latin and South-Amerca 789 1308 518 352 11 1119 186 1628 08
Morlh America 862 1193 533 75 296 662 1.81 3N 322
QOceania 1691 1453 -238 58 -285 -176 086 1628 089

October 2010 (IFO380 = USS 435 per ton, MDO = USS 680 per ton)

Port of loading = Antwerp Average Average Difference Standard Minimum Maximum Ratio BAF Base Ratio BAF

fuelcosts BAFper BAF-fuel Deviation difference difference versus fuel freight versus

per FEU FEU costper BAF - fuel BAF-fuel costper rate per base
carried 1Qct10 FB carried costs costs FEU carried FEU freight rate

Regron of port of discharge (a) 1 0ct 10 per F&U

cartied
uss US$ Uuss uss us$ uss Ratio Uss Ratio
Africa 882 1077 393 163 110 531 157 1501 1472
Far East 184 238 84 96 -84 11€ 1.2 702 0.34
ndia / Pakistan 458 738 280 T4 192 362 16t 665 1.10
Latin and Soulh-Amerca 464 1186 722 535 -1862 1258 2.56 1828 02.65
North America 431 389 -42 €1 -126 -1 0.90 1854 0.21
Cceania 1178 1407 229 156 104 338 1.19 1841 9,76

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 USS$ 1,125 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 USS 435 per ton for IFO 380 and USS 680 per ton for MDO. For each port-to-
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 outhound-to-
inbound BAF charged by CMA-CGM in October 2010. The mean value is 1.56 for
services from Europe to Africa, 0.44 to Far East and 0.98 to Latin/South America, 1.28
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 Latin/South America. Table 4 reports final estimates for the BAF values.

Figure 1. BAF, fuel costs and base freight rate per FEU — port-to-port relations with
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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 invalve an element of revenue-making for some trades. For June/luly
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
BAF/fuel costs ratio of 1.2 in July 2008 to a ratio of 1.57 in October 2010; mainly
caused by high fuel surcharges to West African ports), Latin and South-America {from
1.66 to 2.56; mainly caused by BAF practices to destinations in Mexico and the
Caribbean), India/Pakistan (from 0.93 to 1.61) and Oceania (from 0.86 to 1.19). Except
for Indian/Pakistan, 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 india/Pakistan 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 BAF/fuel costs ratio on the Europe-Africa 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 Europe-Far 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 Europe-North 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,
particufarly 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 of 2.08). 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 BAF/fuel costs of 1.29). 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 Europe-Far 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 India/Pakistan, North-America and Oceania is more aligned.

6 | 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 Europe-Far 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 stow 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 port-to-port 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-india/Pakistan 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 0.5 to 1.5. The only noticeable exception is the Europe-North
America trade with most shipping lines now no longer covering the fuel costs via BAF.
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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 Notteboom and Pierre Cariou

1.1 Introduction

For liner shipping activitics. not least container shipping. bunker oii
iy u considerable expense. According to Germanischer Liovd (Liovd's
Shipping Econontisi. 2008a) or the World Shipping Council {Lioyd's
Shipping Econoniisi, 2008b). the fuel bill Tor an 3000 TEU (twenty-foot
equivalent unit) ship accounts for around 50-60 per eent of its operat-
mg costs. a 33 per cent inerease compared to three years previously. This
impressive growth has led shipping lines to adapt their operating prac-
tices on bunker management (Notteboom and Vernimmen, 2009). using
cheaper fuel grade alternaties. improy ing vessel design. reducing vessels”
speed und adding capacity or dropping the number of ports ol callin order
to keep a weekly frequeney inservices. and hedging against future bunker
price varations.

This chapter focuses on another traditional approach used by ship-
pmg ines 1o hedge against the risks of sharp and temporars fluctuations
in bunker costs and 1o mitigate therr impact on the overall freight rate:
levying a speafic surcharge on shippers known as the Bunker Adjustment
Facter or BAF. BAF aims at passing the fuel costs on o the customer
through sariable charges, and is controtversial, Shupping lines have more
than once argued that the increase in bunker prices. especially in the short
term. s only partially compensated for through surcharges to the freight
rates and that 1t sull aflects thewr carnings negatnely. In contrast. ship-
pers” organizations such as the European Shippers” Couneil hase always
objected that the was B AFsare determined 1s opagque. without uniformity.
and involves wsignificant clement of reven uc-making.

Il the 1ssue regarding BAF and 1ts refevancy i not new (Menachof

and Dicer. 2001). the concomitance of tvo events his made it ¢ven more
salient today, On the one hand. the sharp merease m bunker costs between
late 2003 and the summer of 2008 combined with the decrease tn freight
rates has led BAFs 1o reach unprecedented levels. where they have become
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a significant component in the overall costs to ship goods, For the second
quarter of 2008, the base freight raic for a forty-foot container from
Shanghai to Antwerp had reached around US§1400 to which a BAF of
US$1242 was added. On the other hand, the recent repeal of European-
related liner conferences in the wake of EU legislation has forced many
shipping lincs (o develop new methods for calculating fuel surcharges,
leading shippers 1o scrutinize the new practices regarding BAF and
developed by individual carricrs.

This chapter contributes to this issue in locusing on the relationship
between fuel cost fluctuations and fuel surcha rging praclices as part of car-
riers” pricing strategies. The central rescarch questions put forward arc as
follows. How have shipping lines changed their practices regarding BAF.,
considering the end ol the liner conference era in Europe? How can bunker
costs be estimated for a specific service? Can it be concluded, as stated
by shippers. that BAFs are used by shipping lines to generate additional
revenue. orare they only, as stated by shipowners. used to recover bunker
costs and to cope with therr unexpected fluctuations?

Te answer these quastions. ths chapter is organized as follows. The
nes L ivwo seetions discuss the viewpoints of shippers und shipping lines and
7o0m in en past sectton 11.2) and current (section | 1.3) practices of fuel
surcharges. Sectuon L4 presents a model anmg at calculating the bunker
costfora spectfic serviee that tzhes into account 1 essels {s1£e. speed. engine
Bhpe .. and serviee (days at sea. at port) as the main characteristics.
Seetion TL.S applies the model (o various routes and compares our ¢sli-
mates of fuel costs with the observed BAESs on a set of port-to-port liner
services out of the port of Antwerp. Sectton 11,6 provides the conclusions
and expiores avenues for further research.

11.2 Fuel surcharges in the liner conference cra
In order to understand the factors considered by shipping lines in deter-
mming BAFs. a distinction must be made betw een practices belore (collee-
tive pricing) and alter the liner conference ora tindividual pricing). Liner
conferences have always plaved an timportant role in pricing 1ssues linked
Lo Tuel costs. The system of colleetne rale-selting dates back to the first
conference, the Caleutta Steam Traffic Conference. set up by British cargo
lincs in 1875, However. BAF was only introduced m 1974 following the
first il erisis w hen bunker prices rose from LSS0 per ton to over USS100
per ton in three months (Menachof and Dicer. 2001 ).

In principle. carriers cover basic bunker costs. w hile BAFs only apply
o changes above a certam level Liner conlerences came up with their
own way of dealimg with BAF applying a surcharge adjusted on the
first day of cach month and based on the closing TFO 380 bunker price in
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Tuble 1.1 BAF surcharge pereentage for bunker price classes

1170 380 price BAF surcharge [FO 380 price BAF surcharge
level feuro per ton) (") level {curo per ton) (V6
140 {Basc level) 2.00 216 220 6.50
141 155 2.50 221 230 7.50
150 165 3.00 23] 240 8.00
166 180 3.50 24 230 8.50
181 196 4.50 251 255 9.00
191 200 S00 236 265 9.30
201 205 5350 266 279 (350
206 215 600 271 280 11,06

Rotterdam on the last weekday of the previous month (Table 11.1). The
dollar price was then conserted to curos at the closing rate of exchange in
London on the same day (fast weekday). If the bunker price went below
140 curos per ton. the surcharge was withdrawn.

Surcharges were jontly fied by conference members and conformed
with outside operators as well. The approach taken by the Far Eastern
Freight Conference (FFFC). a liner conference for the Europe-Far East
trade which ceased to enist m October 2008, represent a good illustration
of such practices. When the FEFC mtroduced a BAF system in the afier-
math of the oil crises of the 1970s. the underlving justification was that
careiers operating within finer conferences could not otherwise adjust their
prices promptly enough to counteract the effect of bunker price increascs.
When first introduced. the basis of the FEFC BAF calculation was the
prices paid by the member lines and reported by them to third-party
chartered accountants,

However, because the prices reported remamed conlidential. the system
was felt to be too opaque by customers. Lines accordingly changed the
syatem in order 1o base the BAF caleulation on independent indices shown
m the Marine O Bunker Varket Repoit - published 1o subseribers and in
the shippmyg press by Cochett Marme Oil Ltd. The BAF syslem as applied
by the FEFC changed oser the years from a percentage of the freight ona
Y-day average 1o a lump sum based on a monthly caleulation. This new
system aimed at rellecting more closely the changes. both upwards and
downwards. that occw i the volatile bunker market, with a lag effect in
the application of the BAF. For instance. the February figures. after a
month’s notice period. were only applicable in April und the BAF calcu-
lation was monitored twice per week. to comeide with the publication ol
the Cochett report. It used a weighted average for fuel keaded m Asia. the
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Middle East and Europe throughout the month. and then was averaged to
provide the monthly BAF. An cxample of the caleulation of the BAF per
TEU is presented below:

with:

f, Average weighted index (bi-weekly):
I, Baseindex:

(). Base bunhker cost per TEL.

The fixing of BAFs by liner conferences has always been a source of
contention in shipping circles. particularly n times of high fuel prices.
Research comnussioned by the European Shippers” Council (ESC) into
bunker surcharges applhed by liner conferences more than once created a
growing disquict. as BAFs were found to be higher than actual fuel costs
in some cases. Meyrick and Associates (2008) concluded. for instance,
that the level of the BAF applied by the FEFC and Trans-Atlantic
Conference Agreement (TACA) in carly 2008 would imyolie a significant
clament of revenue-making  The model estimated that the ‘true” cost-
recovery BAF per TEL for March 2008 was U'SS67 lower than the real
FEFC BAF of USS436 per TEU. For the TACA. the difference was @&
cren more emphatic an estimated “true’ cost-recovery BAF of USS185
per TEL versus an actual TACA BAF of USS607 per TEU (a difference
of some USSH22 per TEU m March 2008). These studies strengthened
the belief of the ESC that shippers are being ov creharged when it comes
to fuel surcharges set by liner conferences. Cariou and Wolll {20006)
reached a similar conclusion. Imvestigating if a Granger causal relation-
ship exists between the Bunker Adjustment Factor charged by members
ol'the FEFC and bunker prices on the Europe--Far East container trade
(Figure 11.1). the authors conclude that from 2000 to 2004. a causality
can be established bul that an increase in fuel price by | would lead 1o an
inerease in BAF by 1.5,

Asures commissioned by the Luropean Lmer Afairs Association
(ELAA)Y went even Turther by stating: “The general pereeption. especially
from non-ferwarder accounts. is that there is hardly any correlation with
the underlying costs and that the surcharges are meant as an additional
maoney maher for the lines” (MEL, 2003: 5). The growing disquict among
shippers fuelled the demand for more transpareney in the caleulation of
fuel surcharges,

The position of shippers in relation to the BAF was made very explicit
in a docuntent submitted by the European Shippers” Couneil 1o the DG
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Competition of the European Commission on the review of Council
Regulation 4056/86:

Shippers do not accept the ocean carriers’ claim that they operate in a unique
environment and they are a special case deserving special protection from
market lorces, Shippers face similar business risk when trading 1 global
marhets: they are unable to pass on additional costs incurred through the use
of surcharges . . . Bunker Adjustiment Factors (BAFs) are being assessed as a
collective surcharge by all members of a liner shipmng conference whereas cach
carrier has its individual policy lor fucl buying and consequently the prices
vary accordingly. Moreover. it has never been demonstrated that the BAL
increases reflect the tiue additional fuel costs . . . The absence of transparency
m the mposituon of surcharges has led shippers 1o call for their aboliion. The
method by which surcharges are calculated is complex and because of averag-
ing of surcharges within a confvrence, surcharges are unrelated to the actual
costs experenced by mdi idual shipowners Surcharges are used as a means of
obtaming additional revenues. (ESC. 2003 20

Inats response to a later information note published by the European
Comnussion’s DG Competition on “Issues raised in discussions with the
carrer industry in relation 1o the forthcoming Commission Guidelines on
the application of competition rules to maritime transport services'. the
ESC Turther argued that: *The fuel clement of a contract with the shipper
should solely be the decision of each individual carrier. based on their own
individual costs. their own pricing strategy ., and consideration of and with
their mndisidual customers™ (ESC. 2006: 209,

IL3  Fuel surcharges after the liner conference era

Liner shupping conferences were outlawed in Europe on 18 October 2008,
Liner shipping companies have lost their pris ileged status under EU com-
petiion law due 1o the withdrawal of the liner conlerence block exemption,
which basically authorized horizontal price-fining and similar agreements
between liner shipping companies through Regulation 4056/86 of 1986,
Where the liner consoriia block exemption does not apply. all cooperative
activity should be carefully and individually assessed under the compeli-
tion provisions of the EC Treaty. The dismantling of liner conferences
meant that contamer shipping lines calling at Europeun ports were banned
from discussing freight rates and other additonal surcharges such as
bunker and currency surcharges and from publishmg common tariffs
The same applies for conference business plans and the exchange ol con-
lidential mformation on market shares, volumes or prices between lines.
Carriers are now negotiatmg rates indiidually with shippers. The loss of
the conferenee stricture has thus resulted in the disappearance of commo-
nality in pricing structures and surcharges amongst conference lines.
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On 31 July 2008, the FEFC operating on the Asta-Europe trade, the
world’s second-largest liner conference afler the Trans-Pacific, issued
its last noticc on BAF ahead of the Europcan ban on shipping confer-
ence activities. The 17 member fines of the FEFC advised shippers of a
13.5 per cent increase in their BAFs on shipments to Europe with effect
from 1 Scptember to 17 Oclober, 2008. The FEFC ccased to exist along
with other rale-setting groups in trades with Africa, South America. (he
Indian subcontinent. the Middle East and Australasia. Some, including
the Trans-Atlantic Conference Agreement. had already ceased operations
carlier than October 2008.

In the European post-conference cra. carriers will still be allowed to
exchange trade data. a task that will be handled by the European Liner
Affairs Association (ELAA) an mdustry lobby group that is transforming
itsellinto a trade association to manage the exchange of information. The
ELAA 15 planning to publish regularly the price of fuel over time in the
most common kocations for bunkering. as well as publicly available infor-
matien on average fuel consumption for different standard vessel Lypes so
thatam average cost per TEU can be caleulated. This would increase trans-
parency as 1o the cost of Tuel. and would facilitate indiv idual negotiations
on compensation for fluctuating bunker costs

Now that Europe has brought an end to the conference systent. the
question arses as 10 how long # will survive in other parts of the world,
especially in Asia where conferences are sull an aceepted way of doing
business. A number of shipping lines have already taken steps to end their
membership in non-Furopean liner conferences. For c¢xample. at the end
of November 2008, MO resigned from the Transpacific Stabilization
Agreement (TSAY and the Canada Transpacilic Stabilization Agreement
(CTSA). The reason 15 dircetly linked to the changing pricing and
commerctal pracuees following the end of Hiner conferences in Europe:

With the Luropean Unon’s aboliton of [ner anti-trust immunity, it has
become extremely dilficult to align the business processes of vur entire organi-
sation when its regional divisions must operate Lo differing standards . . We
cencluded MOT and 1t customers sould be better sersed by comducting busi-
ness independently from transpacific lmer agreements (press statement by
Masakasu Yakushii, Baeeutive Viee President. MOL Liner Disision. MOL
webaite. 28 Octoher 2008)

Abo. other shippmg lines are redesigning business processes to make them
apphicable throughout their worldwide network,

The leading ocean carners prepered for the abolition of shipping con-
ferences in Europe well m advanece. After the European Lnion voted in
=006 1w end Tiner shippmg’s block exemption from the EU competition
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riles. many shipping lines took action to become increasingly independent
operators. This was further stimulated by the weakening of liner confer-
enees as a result of carrier defections and. more recently, by slowing trade
growth, overeapacity and competition from independent carriers. On
top of this, liner conferences faced major difficultics in allaining inter-
nal conscnsus on rate adjustments. The FEFC cven failed to implement
two genceral rate rises in early 2008, as well as a peak-scason surcharge
scheduied lor August 2008.

The disappearance of Jiner conferences look place in a period when
ocean carriers were facing slowing (raflic growth and tumbiing freight
rates due to the credit crisis and the cconomic downturn, Westbound
rates from Asia to Europe decreased significantly to an average US$350
per TEU in October 2008 from USS1400 in October 2007. Some carricrs
accepled even lower rates m an effort to (ill their ships. to improve capac-
ity utilization and 1o reverse the downward trend of the base freight rates.
A number of shipping lines even took actions 1o suspend loops mainky on
the Europe-Far East and Trans-Pacific trades. For mstance. NOL/APL
cut 25 per cent of its liner service capacity on the Asia-Europe trade. At
the same time. however. fuel costs soared to unprecedented heights in the
suminer of 2008 after decades of manageable price volatility and. soon
after. plummeted from USS700 per ton in July 2008 to about US$200 per
tont at the end of November 2008 (see Figure 11.2),

Slupping lines are challenged to charge customers for fluctuating luel
conts. I turn. customers are asked to absorb a sizable mnerease in therr
freight costs. and carriers recognize that this requires an casily justifiable,
transparent process. he combination of strong fluctuations in fuel costs
and downward pressure on {reight rates has resulted in a reversal of the
signilicance of the base freight rate versus fuel surcharges. as illustrated in
Table 112

One of the cencrete outeomes of this trend is the introduction of a new
formula 1o charge customers for the fuel costs incurred. The fact that the
conference system was disbanded means that those individual carriers

whoe choose o still charge a BAF need their own independent method of

caleulating the charge. Exch carrier made its own decisions on whether or
not t charge a BAF and if'so. on what basis the method of caleulation and
resulting quantum would be worked.

Macersk Line ntroduced. for mstance. a new formula for BAF in carly
2008. with the aim of creating more transparency. The formula used in
the web-based “Macrsh Line BAF Calculator” builds on factors such as
fucl consumption. transit time and imbalances in container flows {press
communication. Macersk Line. 21 January 2008) as foliows:
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Table 11.2 Base freight vate and BAF for the maritime transport of one
Jorty-foot equivalent unir container ( FEU) from Shanghai to
Antwerp (exchiding CAF, THC and other surcliarges

Typical freight rate Typical BAF
Q12007 USE 2100 USS 235
Q2 2008 USS 1400 US§ 1242
Sept 2008 LiSS 700 USS 1440
I-eb 2009 UISS 250 ¢all-in}
April 2009 LiS5 550 (all-in)

Swirce Authers based on market figures,

With:
F, Average fuel consumption per FEL:
P, Bunker prices per ton n 1 tmonthls or quarterly):
TS, Tradesspeailic constant:
71 Trade imbalance factor
T preparation tfor the end of the European Conferences, Delmas/OTAL
(part of CMA-CGM group) alse developed its BAF calculation formula,

The BAF levels used by the shipping line are announced at the beginning of

cach month and applied for the fellowing month. The new BAF replaced
the one previoush 1ssued by the Europe West Africa Trade Agrecment
(EWATA) aince Seplenber 2008 and considers various elements such as:

e The average reference fuel oil price.

¢ The average fuel ol consumption of the line's ships per full TEU
carried,

¢ The average fuel o1l price for the month ¢ 1 iy the basis for the
caleulation of the BAF applicable for the month r + 1.

A final example relates to OOCL. This shipping hine has also ensured
legal comphance by developing its own independent pricing and surcharge
structure based on its own costs and operational reguirements. QOCL
constructed its own BAF formula to reflect market conditions and is
unique o QOCL. Tt 1y based on trade. trade lane and service loop and
abso considers vessel size and round sovage capacity In general terms. the
formula 1s as foliows:
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Table 11.3  Hlustration of upside and downside visks of fuel price changes
— Transatlantic tolfrom US West Coust

Transatlantic  US West Bunker price BAI-
Coast
+4 USSperton USS per TEU
613 590
588 555
563 521
538 486
513 452
Current level {assumption} 488 417 Band of USS50
- 463 383
138 348
413 114
asR a7y
v 363 244

Settree data trom the QOC L <shappmg company

F (P = P)
BAF = ——7—

With:

I Total fuel consumption:

P, Current bunker price per ton:

P, Base bunker price per ton:

7, Projected cargo loaded onboard.

OOCL made a policy deaision not to disclose the actual values for cach
component in the formula. caleulating it on a monthly basis and taking
the average bunker price during that period. If the bunker price has moved
beyond the agreed band of USS23 (either up or down). then it will trigger
a recaleulation of the total BAF payable in the following menth. OOCL
uses a neutral third-party provider of bunker price information {Platts)
for all the major locations around the world. QOCL selected a number of
representative vessels or the purposes of caleulating fuel consumption. a
more manageable way than taking into account the actual consumption
data of all tts operating vessels.

The mtreduction of the new formula had an impact on the level of the
base freight rates and of the BAF. The new caleulation led to a BAF that
15 Jower compared to the Imer conference environment: whilst confer-
enees used base bunher prices from around 1990, QOCL now started o
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usc a base price lrom 2005. This resulted in a doubling of the base bunker
price in the new formula and a reduction of the bunker price for QOCL’s
customers. QOOCL shifted the difference into the ocean freight to main-
tain a revenue ncutral position. whilst BAF is now more rellective of the
prevailing [uel price conditions.

The disappearance of European-related liner conferences has also had an
impact on linerconferences that still operate on non-European routes. These
finer conferences have also responded o the demand for transparency by
changing the way BAF is calculated. For example. i 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 effect for dry cargo in October 2008, WTSA began the
process of modilving its surcharge formula by climinating steps to arrive at
a complete average of averages” that reflects the cost impacts of rising fuel
prices on multiple. dilferent container services. The new bunker surcharge
formula tracks a single marine fuel (that is. [FO 380). It also eliminales
the weighted average of weekly prices at 11 load ports and. instead. uses a
straight wverage of Hong Kong and Los Angeles prices lor the West Coasl:
and Hong Kong and New Yoik prices for the East Coast surcharge. The
fuel price data for the three ports are obtained trom the publicly available
website Bunkerworld, A second set of changes involved components lor
constructing fuel cost impacts from changes i fuel prices. These include:

o Vessel effective capacity,

o Wostbound allocation of deadweight capacits afler east-bound
CIMPLY ICposILIonS.

e Maximum capuacity Tor loaded containers belore reaching a ship’s
weight limit,

e  Daly fuel consumption.

&  Onec-was steanung tme {excluding time in port).

Averages for the above components var for West Coast and East Coast
serviees, bul are constant for cach service, The formula alse adjusts effec-
tnve capacity to allow for the deadweight impact of empty returns. The
new caleulation method thus makes separate caleulations for West Coast
and East Coast serviees

As can be scen from former discussions. 11 most shipping lines had
implemented a more transparent system regarding BAF. one of the main
1ssues for shippers would be related to the absence of transparent informa-

ton on seme spectfic elements considered within the BAF calculation. If

the level of current bunker fuel price 1s not an issue since data can be casily
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 scction presents a methodology focusing on the latter
clement, namely the estimation of the total fucl cost for a specific service.

11.4 Estimation of the fuel costs on a specific service!

A first step when analysing the relationship between [ucl surcharges and
actual fuecl costs consists in delermining 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 paramelers such as
engine power and the specific fucl consumption {5, ). In this chapler, we
add to these previous works by eaplicitly taking into account the charac-
teristics of liner services (number of ports of call. roundtrip distance, and
50 on}. The Total Fuel Consumption (7FC) in USS for a specilic route/
service f of T days fround trip) by « (¢ = 1. . . n) vessels is the sum of the
fuel costs for main and auniliary engines when the vessels are at sea (#).
mancwering in port or transiting through canals (42} and hotelling (7.):

THC = }:;2:/{ SFC = P FC) (11.1)
c
with:
TFC  Toetal fuel cost for a specific service fin LLSD:
I8 Time when the vessel is at sea:
i Time when the vessel is manews ering or transtting through canals:
n Time when the vessel is hotelling {(waiting and when at berth);
P, Bunher price for the main engine (n):
P Bunker price for the auniliary engine (a):

o
FC,. Fuel consumption for main eagine (#2) per day for vessel 7 under
status 1.
FC,, Fucl consumption for auniliary engine (ay per day for vessel 7
under status 1.
When the vessel is at sea (1)), the fuel consumption for the main engine
iy and vessel ¢ (in grams/mile) can be estimated as,

oL, S P

FC oy = —— (1.2}
"||
with.
m, Sea-margin o constder weather conditions and expressed as a
pereentage:
L, Load factor expressed as a pereentage of the maximum continuous
rate;
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Sroc  Specilic lucl oil consumption in g/k W-hr;

P, Installed engine power in kW given for a TEU size and design
speed v,
i Design speed in nautical mile (nm).

We assume a sca-margin of 15 per cent (MAN B&W Diesel A/S, 2008)
and a load lacior of 80 per cent (Endersen et al., 2003: EPA., 2000; Corbett
and Kochler, 2003). Furthermore, and whalever the vessel’s status (¢, /o,
13), the (uel 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 Kochler. 2003). To cstimate S, and P. for a
vessel / atl a given design speed v, we used information on container ships
extracted from the Llovd's Fairplay Ship Database (Lloyvd’s Maritime
information Services. October 2008). The initial sample 15 made ol 4834
container ships that were rearranged to consider only fully cellular con-
tainerships delivered. on order or pending: and more than 2000 TEU.} The
final sample is made up of 2259 contamer ships whose main characteristics
are presented in Table 11.4,

Qut of the 2259 contamer ships. 33.8 per cent are between 2000 and
3000 TEU and 70.1 per cent are less than 3000 TEU. The mean vessel size
is 4332 TEL. the mean age around cight years and the mean speed 23.04
knets. Qut of the 2259 container ships. 97 per cent are using two-stroke

slow-speed engines for which a value of 171 g-kW-hr is used as a proxy of
Sroc (MAN B&W Dicsel A/S. 2008). In arder to consider the impact of

a change in the vessel's size on fuel consumiption. we estimated (ordinary
least squares -- OLS) the relationship between mstalled engine power (£)
and vessel size ¢in TEL ).

LogtP ) = 1.996 ~ 1.013. Logtrew) R =10.83 (11.3)

Combinme equation {11.23 i (11.3) and assuming as stated previousls,

a sea-margin of 15 per cent. a load factor of 80 per cent. a S, of 171

g-kWehrsothat C=mr - L, -5, = 1L.L1§ X 0.8 x 171 = 157.3, the tolal

fucl consumption at sea for the main engine m grams/day and at a given
speed v, can then be estimated as,

FC,

alvy

=24 e ey ™ = 3775 e (11.4)

Results from our estimations on FC,,; are presented in lons/day in
Table 114 Figure 11.3 compares our estimates {cquation 4) with the
initial data from Lloyd’s Fairplay Ship Database (in logarithm). the cor-
relation cocfficient being equal o 0.88 (based on 395 obscrvations for
which information on the fuel consumption for the main engine is given).
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Figune 114 Econonues of seale on fuel consumption
Figure 11 4 presents estimales on economies ol scale on fuel consumption
at sea expressed m tens per mile {equation 1144240, - ren)). 1t appears

from Figure [0 4 that if cconomies of scale on [uel consumption exist,
their eflect s mamly visible for vessels increasing from 4000 1o 6000 TEL:
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Above 6000 TEU. the additional marginal reduction in fuel consumption
in tons per TEU-mile is rather limited. This result is mainly due to the
reduction in the mean design speed for bigger vessels (23.6 kt for 10000+
compared with 25.1 for 9000-10000 for instance) that counterbalances the
impact of e increase in number of TEU. This result would be, of course,
different if' 25 knots is taken as the initial design speed such as in MAN
B&W Dicscl A/S (2008). Considering the limited number of vessels more
than 10000 TEU in our sample (17 containerships only), we will assume
an inittal design speed of 25 knots for this category in the remainder of this
chapter.

To cstimalte the el consumption when a vessel is mancuvering or tran-
siting through canals (FC,» + FC,2). we use equation (11.4) but without
considering a sea-margm {equal to 1) and Tor a load factor of 15 per cent
(EPA. 2000: Corbett and Kochler. 2003). The luel consumption per day
when the vessel 1 mancwyertng or transiting through canals (7.} can then
be estimated at 16.3 per cent’ of the luet consumption when the vessel is
al sea (7). As proviousl. [0 per cent 1s added for the auxiliary engine’s
consumptiion. When it comes e fue] consumption during port operations
(FC,x = FC_F we used a provy of 5 per eent of the fuel consumption
at sea for the main engine and (10% x 570 for the auxidiary engine as
previousls.,

As stated above, former estimates on fuel consumption at sea (FC,,,)
only hold considering an installed power engine () for a given design
speed v, In order to anaiy se the impact of a reduction 1 the commercial
speed from a design speed v, 10 an actual speed of ). we investigated the
relationship between P oand v, The results (on 2245 observations for
which v, and P, were given. Log{P ) = 3311 Log(rew) with R® = 0.99)
are close to the traditional assumption of a cubic relationship between
these two variables. We asswimed that the variance in load factor of the
engme does not afleet fuel consunption and used former estimates so that
for a commercial speed r . the fuel consumption 1s:

!.‘(‘rJ }U ‘m.'] ‘“ d
7 PG (_) (11.5)

at v dat v, vy

Estimations are reported in Table 11.4 for various vessel categories and
for speeds varving from v, = 1§ knots to the design speed v, Figure 11.5
tHustrates the impact of a speed reduction on fuel consumption at sea in
grams per TEL -inile for four vessel categories.

[tappears that vessels in the range between 3000 and 10000- TEU give
similar and better results in terms of fuel cost per TEU-mile. Table 11.5

compares our estimates on fuel cost at sea for the main engine (FC,,,) with
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Table 1.5 Comparison of our estimates with Germanischer Llovd (GL)
Jigures on fuel costs per day ar sea, end of July 2006

Specd S000 TEU 8000 TEU 12000 TEU
(knt) Estimates GL Listimates 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 392320 43700 59681 52200 84242 64 400
24 32399 59300 79531 69400 112261 83600
26 68239 82800 103574 96 100 146 199 114700

Sewerce Our ligmes and Germaniseher Llovd (2010

a study by Germanisher Lloyd for 3000, 8000 and 12000 TEU container
ships (Notteboom and Vernimmen. 2009). These estimates were obtained
for a bunker price (P} of L'SS350 per tonne (1FG 380 Singapore) in July
2006.

11.5 Estimation of the fuel costs for specific O/D relations and
comparison with BAF

The case study developed in this section focusces on the estimation of BAF
lor containers exported via the port of Antwerp Lo a specific overseas port
of discharge. The total price to be paid by the ling’s customers consists of
a base freignt rate and a series of surcharges such as the BAF. the CAF
(currency adjustment factor). the THC (terminal handling charges). port
congestion surcharges (iFany) and olten also container-ecquipment related
surcharges (for example demurrage charges. detention charges. equipment
handover charges. cquipment imbalance surcharge. special equipment
additional for an open-top container or heavy container. and so on). The
case study Tocuses on the BAF. while the base freight rate emerges later in
the analysis We distinguish two periods of analysis.

The first period 1s June July 2008, correspondimg to a period when
the bunker price per ton reached its peak (see Figure 11.2) and the liner
conference system ~tll existed, s such. the case study for the first period
provides @ snaprhot of Tuel surcharge practices in the liner conference
era at a time when fuel costs reached unprecedented heights. The BAFs
observed in this case study relate to the fuel surcharges applicable on the
first of July 2008. The bunker price applied throughout the analysis is
L'SS3835 per ton for the fuel grade TFO 380 and USS1125 for marine diescl
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oil (MDO). Thesce figurcs relate to the average bunker price in Rotlerdam
in the month of Junc 2008. The choice of Rotlerdam is mainly based on
ils proximity to the loading port Antwerp, although the authors are aware
of the lact that Rotierdam is among the cheaper bunker ports worldwide.
Using the bunker price in Rotterdam as a basis might therefore slightly
underesiimate the actual bunker costs for shipping lines.

The sccond pertod considered in this study is December 2008, corre-
sponding to a post-liner conference period when the bunker price per ton
reached around USS200 alter a few months of price crosion. As such, we
are able to analysce the changes in the fuel surcharge practices after the
abolition of (European) lincr conferences and at a time when fuel costs
were much lower compared to the first case, The average bunker price in
Rotterdam throughout November 2008 was US$220 per ton for IFO 380
and USS5333 for MDO These prices underline the sharp decline in fucl
prices between the [irst period of observation and the last.

We collected data on 117 port-to-port relations with Antwerp as the
port of loading The names of the shipping hnes included in the data set
are not disclosed. lor conlidentiality reasons. The port pairs considered are
all connected via direct line-bundling services. meaning that no tranship-
ment takes place at mermediate hubs along the route. The port bundics
have been aggregated o cight service arcas of the port of Antwerp: Africa.
the Baltie and Therian feeder markets. the Far East. India/Pakistan. Latin
and South America. the Near East and the East Mediterranean. North
America and Oceania.

Table 11.6 sunumarizes the main characteristics of the dataset. The
average one-way distance relates te the distance from Anfwerp (o the
port of discharge. including the diversion distance to call at en route ports
of call The nautical distances were caleulated using the Dataloy (2010)
distance tables. In a fow cases. up to seven ports of call are positioned
between the foading part Antwerp and the port of discharge. At the other
extreme, Antwerp sometimes acts as the last pore of call in Europe. while
the port of discharge 15 positioned as the first port of call in the overseas
service arca. The average number of ports of call between Antwerp and the
ports of discharge on the respective line-bundling services equals 3.05 with
a standard deviation of 1 85 Table 11.6 also depicts the average transit
times between Antwerp and the overseas destinations (including the
sailing time. port time at intermediate ports of call on the liner service and
canal trapsit time) and the average vessel size per trade route. Both ¢le-
menis are key variables in determining the tuel consumption per container
carricd {see preyious seetions).

The commeraal speed of the vessels was determined using shipping
fines” information on tetal transit times and port time. We decomposed
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Table 11.6  Muain characteristics of the set of QID relutions considered in
the case study { port of loading is Aniwerp)

Region of port ol discharge  Observations Average  Average Average
onc-way lransit time  vesscl size
distance’  (in days)®

(no.) (nm} (days) {TEU)
Africa 15 4731 17 2525
Baluic Thenan Atlanue feeder 10 1314 5 1350
Far East 24 11183 28 7563
Indez / Pakistan Y 7165 21 3963
Latin and South America 23 5763 17 3700
Near East/ East Med 17 3468 13 3535
North Ameriea 12 3096 17 3242
Oceania 7 13136 43 2922

117

ATITFEN

a Ineldimg the deviauon distaiee to call aten reute ports ol cull on Tner serviee.

b Indduding totel sading tinwe totul port time atutermediate ports of call on ner service
and canal transis

the real transit tune on a port-to-port basis mito total sailing time. average
port time per inlermediate port of call and canal transit tirne. After apply-
mg different values for the commereial speed of the vessel. the simulation
enercrse revealed that the following aggregaled commercial speeds gave
the best results:

o Vessels larger than 4000 TEL: 22 knots.
® Vuossels between 2000 and 4000 TEU: 20 knots.
e Vessels smaller than 2000 TEU: 19 knots.

The total vessel consumption for cach port-to-port relation was calcu-
lated by combining the sailing time. the vesse]l speed and the vessel size
with the figures provided carlier in Table 11.4 and by adding the fuel con-
sumption linked to the total port time (also i intermediate ports of call)
and the canal transit time. The fuel cost for the auxiliary engine was also
taken into account as suggested in the previous section. that is. consump-
tien of MIXO luel on the basis of 10 per cent of main engine consumption.

For cach port-to-port relation we estimated the degree of utilization of

the vessel's slot capaeity (slots used excluding empty containers) based on
mdustey information. The aserage degree of utilization lor all observed
liner services out ol Antwerp equals 75 per cont 1 fune July 2008 and
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71 per cend in December 2008. By combining vesscl size and degree of
ulilization. it is possible Lo determine the TEU loaded with pay cargo per
porl-to-porl relation.

Tables 11.7 and 11.8 bring together the main results of the analysis,
while Figures 11.6 to 11.9 present various comparisons. All data relates
lo the transport of onc FEU. The Ggures [or BAF and the base freight
rale were collecied rom [reight forwarding companies and liner agencics
in Antwerp. Unfortunately, we were not able to collect BAF-data for
December 2008 on the Europe-Far East trade as shipping lines massively
used all-in rates without imposing a separate BAF,

Based on Tables 11.7 and 11.8 and Figures 11.6 10 11,9 the following
conclusions on liner serviee relations with loading port Antwerp can be
drawn. First of all. the BAF per FEU (forty-foot equivalent unit) carried
1s typically (much) higher than the average fuel costs per FEU that we
cstimated. For June July 2008, the BAF turned out to be slightly lower
than the fuel costs in only ten of the 117 cases. The difference between
BAF and the actual fuel costs ranges from 9 per cent for Oceania to an
clevated 147 per cent for Latn and South America. These results confirm
the earlier indings of Meyrick & Associates (2008) who concluded that the
BAF imvolves an element of revenue-making. The case study for June-July
2008 demonstrates that the revenue-making characteristic of the BAF
15 significant on the shipping routes from Antwerp 1o Latin and South
America. Africa and North America. The revenue-making characteristic
of the BAT i [ar less signilicant on intra-European feeder routes and on
traflie relations with the Far East. India/Pakistan and Qceania.

Second. sariations cxst in the difference between BAF and the esti-
mated fuct costs per FEU The spread in observauons s particularly high
for Latin and South America. the Far East and Africa. A further investi-
gation ol the data stresses that the observed spread 1s mainly the result of
differences m shipping hnes” BAF policy for specilic ports of discharge.
The BAF strategy of shipping lines with respect to destinations 1n India/
Pakistan, North America and Oceania 1s revealed to be more aligned.

Third. the results for December 2008 stress that the revenue-making
character of BATE has not disappeared alter the abolition of liner confer-
entces On the contrary. most trade routes see an even larger gap between
BAL and actual fuel costs. The dillerence beiween BAF and the actual
fuel conts ranges from 106 per cent for Oceania w an elevated 426 per cent
for Latin and South America. A closer imvestigation of the figures reveats
that shipping lincs held on to high BAFs while the actual fuel costs plum-
meted due to a sharp decrease in the bunker price. This cotncided with
falling base freight rates, In other words. the results demonstrate that a
combination of deereasing freight rates and decreasing fuel costs seems to

M2869 - CULLINANE TEXT.ndd 245 v@ Q022011 14 31




HWepIan oy u gooT auny o) <ooud rayung

98R124R) SUIFUA AIRIIXNE IO} QCTIA 10 U0l 1ad CTT 1SS PR MOSUDd nw 10) g8 O-F 10 uel 1od 0g¢ §§1 Jo aoud aajung no pasig - ¢ ey

680 879l 601 wy 16 ccl 911 ret] Yyl thaeangy

s [Lg [ 8y or sl S04 coll ot PR YHON

<o F8I11 6171 1ot 0 SI 0T 119 It PALY IS IS ] AN

08¢ 8C91 iF e Lexl i OFY BLL B0t l by DAL 10 pe e §

£ {6¢ 6L 1 Gly syl Ny QY LEN 01y Uy f/pu)

i) t6 1 1199 LRI - ic i) YO(H ey e

Aapan)
9T'0 6c8 TEl e 19— at s LIT tol AU UL ey
FLO 86L1 9T LRUI cly bl AV oyl Yy ALY .Yﬂ
~

(oney) (85n) (oney) [ISNBY] sy (812 [INNRY; (INNY]] {551} '
PaALLIvD

ndad
Jad a1 paLLe LPALLIEY

g4y 80 A | N1 1ad ]800 SN0 Paen i

aseq na4 1800 fong iy Ny RRRERY sty S paLen

NSOy Jad syes SUSIOL v vl rod [on| BN NIl

AvY Em_mc HAvH RAERARITITA S JTf LS [ Iy el Vel B _J.lﬂ:;_u/:J

cHey aseg oney WINLUINPTY, LTIy pIepuEg UM ) auys REHEINY Jur o] Jo uenday)

(tragug st Surpnoy fo Liod j g0 APIF—auag SISO NS WY £ f [ g [

09/02/2011 14 31 |

M2569 - CULLINANE TEXT indd 246



(WEpLNOY W RO)T PG LON Joj saanid tayung
afu1oar) aurdua eyt 10) O¢] A 1o 1) 12l Srogs T put uFud wiew o] g4y O 11 Je ey 1ad gross o dnd aayung uo pasrg B oy

80°0 SLO1 o< L1L Nt 16 9 [ER] CHR()
£t [e LR A MO 19¢ s FEIN I TI0N
1€°0 01 [Py viy O8T 16 Ll Y (L ANRRLE IR A RLAN
FILAY
L60 Pl 9w | vi- oy T 6{C PNOS puE uge |
911 8c¢ e L [da s <l 9y 3%y R SETI R Tl |
TH IS B I |
apaag
80 8l 6r & Log ot Ko H g i ALY, UBYL g
1£°0 Pty ROz ot Il RL (s ity tre LAY
{foney) (ssn) {onmy <5:1) s (s (5t NG (BN
paLLED
it
sad st partes patrme
JUETY R0 221 1) SO0 NS00 patnen 11
aseq (NP ER ™o ang (Y [RiU 11w N0 parnes
SHSIDY 12d ;1 EIINRAY Nt IVH Joa pan| 1111 111
avd nEog NVl DWMDPP MIWDMOP UM Vil ad v g RESINTRE
oney aseg onry| (TS TUTTAN & RUR AV LU RRIY BN prepuBly IR DALY, ARrLINY, o e o orEay)

{haosngury Fugpnop fo Jiod ) Bogs A ] SISO IS 050y §TT T g

00/02/2011 1441 |

M2569 - CULLINANE TEXT indd 247



Direct Taxation of Ship-based CO2
Emissions

Jack Doevanncy
Center for Tankship Excellence. djwl@cdtx.org
Sisyphus Beach
Tavernicr. Florida

Version: 1.1
Dates 201 [-02-10

Copyright & 2001 Center for Tankship Fxeellenee

Permission i~ granted to copes disniibate this doewment mider the terns of the Gun Free
Docmnenration License (GFDL-. Verson 1.2 or any later version published by the Free
Sottware Foundation. swith no Invinent Sections, no Front-Cover Texes, sod no Back-Cover
Texts. A copy of the GEDL is available a1 www. gnu.org.




1 Introduction

C'I'X has argued al length that the ouly effective, efficient, and safe alternative for reducing
CO2Z emissions from ocean shipping is a tax on CO2 emissions }2] In particular we have
argued that EEDI is just about the worst of all possible regulatory possibilities. wasteful
in resources. unsafe, and in the sectors where slow-steaming is practiced including tankoers.
bulk carviers, and large coutainerships. totally inelfective.|1]]3] In these sectors. EED] will
result i little, if any, reduction in CO2 cmissions. over the market evele, These argnments
will not be repeated here,

But it is not enough fo say that a tax is the ondy way to go. [& is inenmbent on any tax
proposal to lay out in sowe detail exactly what the regulation will look like. and how it wll
Le implemented and enforced. That is the purpose of this paper.

2 Taxing Bunkers

Up to now. all the proposals for taxing CO2 emissions of which CTX is aware do not tax
CO2 diveckly. They are a tax on the CO2 content of bunker fuel oil (BFQ). This focus on
fuel is based on two assumptions:

1. A carbon content hased Dunkers tax is a near-perfect proxv for CO2 emissions, siuce
removing and seguestering carbon on-bomed = not only not ceonomic, it is next to
impossible,

- A tax on fuel will be nmeh casier to impleneut and enforee than s tax on the actnal
Cnssions,

(1) is cortainly true. now sud for the foresceable future, But it tiens out that (271 s just

flal wrong.

[Sv]

The cxvment BFO tax proposals envision eitlin

a) colleeting the tax at the ship level, o

b) colieeting the 1ax ar the huuker ~upphet levd,
[Int so far no one to the CTX ' knowledee has said oxactlv Low tiis wall he dene T he same
thing is true of a bunhers hased cap-and-trade which also needs tomenitor tuel consmuption
by ship.) The reason that this has not heen done i= that it ean't be dane,

Either svsten ends of being dependenr an che Delivery Ticket, that i, the papmwok
that documents the transter of Tmkers from the buuker supplict to the ship. Uneer either
svstenn. both buyer and seller have an itnmense incentive ro produce paperworlk that under-
states the amonnt of bunkers transterred. Assuming a $30 per CO2 ton bhunkers tax. the
tax hill on & single 3000 ton VLECC Innkering will be about 3750.000. The opportunity
for collnsion is inescapable To prevent this wonid reguire incornuptible. feariess third party
ispectors at every hunkering. And their bosses and bosses hosses would have to be ognally
meotruptible miwd fearless. Fuien if one deplored sueh an anmy of =aints the systonn woudd
easily be evaded by o laondestine anhenmgs

This saintly armv wonld have to have the strong support of the lcal eaal s sten despite
the fact that the ankenmg conutry has nothing 1o gam from eollecting the tax, Fmalh.
it a bunkering conntry made suel strenems aid valinn efforts to prevent collusion that it
wan sttecessful, it wonld simplv move mkering to s loss vigilant nation! Greshan's Law
would quickly foree am honest owners and anv honest BEO <uppliers ont of Business The
amonnts of money at stake are <o large that the cortuption wall extend to the highost levels
in all but the wealthiest countries. The IMO esriwates that iternational shipping emitted
70 million tons ot CO2 200771 A 530 per ton CO2 tax aepresents over 10 Iadlion dollars
a vear of cconomic rent, just waiting 1o be pouneed on,

Oue can magme attempting o laver or two of multi-national chedks on top of such a
ssatetn bur suelt cheeks will be too far rowoved hom the acinal rransactons to have am
npact: and.af 1]1(‘.\ did. they would hecone =tranded on the reet of nationnl s ereignty

Given the abilire of hunhering to move to the most “attzactive” jursdiection. o no ju-
risdiction at all by gomg far enough vilshine enforeing a bunker tax on international
shipping is simply not feasible. The same thing is true a fortiori of a bunkers

based ETS.

! Which raises the obvious question of why would even the most honest. countrey enloree a tax which it is
not going Lo receive only 1o push its bunkering business elsowhore.




3 Monitoring Stack Gas Emissions

Mark Twain is supposed to lave said It wot what we don’t know that’s the problem.
It's what wo know that ain't s0.”* The entire ship-owning connmmumity lias assumed that
monitoring ship stack CO2 emissions in noy feasible. or at least not economically feasible.

In fact, CO2 stack emissions can e monitored to an acemacy of better than +/-2% in a
reliable, tawper-proof. dilliendt Lo spool wanuer lor about $50.000 per ship. And as a bonus,
we can throw in a direct. encrypled transfer of the data via satellite to a contral processing,
entity.

Stack gas flows and composilion are being measured all over the world. It is multi-
hundred wmillion dollar business. Begiuning Janary, 2010, the USA EPA required 1.671
American iustallations to continuonsly monitor CO2 enissions.? This GHG pogram Lmilds
on the Acid Rain Program (ARP) which bas 1equited continuows monitoring of stack 502
since 2000 or earlior.

There are several highly competitive technologies for doing this. [ will mention just one
as an example. We need hoth total gas voluine and the CO2 concentration of the gas.

L. Measure volunetric low by ultra-sonic pulses. "L'lis works by messuring the difference
in travel time of sound pulses sent downstrenn and upstream in the stack. These
systeins cosh aboul $10.000. The system is actually measuring gas Qow velocity along
the path of the beam and is accurate to 0.8 /s A typical ship stack velocilv is 30
m/s. 50 woe are talking +/-00.3%.

2. Measure C'O2 concentration via absorption spectroscopy. This system uses a laser to
project a heam across the stack. The fieqnency of the e is taned to an absorption
line of the gas of inferest. The veceived signal is analyzed for strength and Lhine shape.
Since the bandwidth of the beamn s very manow. only the gas of mterest is picked
np. Accuracy is bhetter theo 2% of reading These sastemws cost abowt $:35.000. One
atdlisis box can support multipie beans (yvpically foursn (Sultm and NOx control
regimes conld piggyvhback on the CO2 <estem by shmply adding tao more Jaser modules
to the analyzer.

3. The data wonkl be collected s sealed conepnter, and peviodicalls {sav onee a day }
transmitted direct]y to a central proccssing cin ity presumable IMOL via satellite Cost
of the data storage and commmunication device, less than $3000. a~smning we use the
ship's Satcom svstent. There is no reason not to as long as the wessage is propetly
enervpted and electyomenlly signed !

Al this equipmient is ofi-the-shell They are tsne approved not hy o compliant, vendor-
paxd, Classification Society, Tat Ly real reanlators hodies sickas the USAS EP A Genoang s
TUVL and the Ihinsh MOCERTS. Al that's reguuived s a0 bit of application speaiiic saftware,
most of which is alteads available

There are several pomis to be ade abont sueh a svsten:

No by-pass st and forenwost. the svstenn is extreimel diflicnlt 1o ba-pass. By -bassing
anengine el Qow weter or o wkers transter page s cludd’s pla. And the evidence
of such by-passing cau be cleaned ap an less tlem a hew But a VECC will generate
up to 300,000 m3, h of stack gas. By-passing even o modest portion of th ow wall
require wajor tiodificatioms of the <hip’s exhanst system. which would be very difheald
to hide [row port state uspectors  [he wodifications would require the comuvance of
a large part of the aew. exposing the owner to whistle-blowet risks. Riglt now it is
the whistle-blowens that the owners fear most, This sy stein Involves the erew in a way
that plaving paper-work games does not.

No paperwork The data goes divecr 1o the MO There s no dependence on the slup
or the hunker suppher or amy thitd part mspector or a eontra-motisated hunkering,

nation. There will be ue torgerv for there is uo paper to foge.”

4 Actually Twamn probably noser satd slis The quotc i~ aeie proper v attiibated 1o a comperiton., Josh
lhings. demsopstrating the acomacy al tloe aplionsne

Y Regulatory Impact Salveis tor the Mandatons Reportme of GHG Prnssioes Fmal Rile These
plawts extend dowie to 2% ADN theneal inpur ebhont the ~ize of o Aramax tankaer power plant The
EPA estimates the cost of the bardware 10 do tins at 344103 phis about $3.000 for nstallatien (Table 4.2a)

T A dedicated satcom would add less than $10.000 to Hhe cost of 1he svsten.

5 At feast not before the data gels to the IMO. IMO will have to enlorce the honesty of the data collection
staff in much the same way a national mint enforces honesty on the peopte who print. the monev. it we
are tadking aboud a handfal of peeple in a tightly controlied envitonment.




Nearly tamper-proof Once the data is collocted it s nemly ipossible for the ship to
change it. The data would not ouly be in a sealed black-box. but it would be tomnedi-
ately check-summed and enerypted. If someone were able to break into the emissions
computer, no one other than the software desiguers would know how to take advantage
of the break-in. And any attewmpt to break into this box would send an alarm to IMO
and expose the ship Lo special wspections and fies.

Difficult to spoof There are no moving parts, no sample extraction system whose tubes
might be “resditected”. Whatever the would be spoofer attepts to do. it has to
be done in the middle of a hot stack. The crew would have to be involved. 1t has
to affect, the whole Deaw.” And it can’t interfere with the beas in a manner the
systenn can detect. Farthermore, hoth the ultrasonic sensors and the laser are set up
o send an alarm il sowcone atlempts Lo fddle with them. or even geuerates a clearly
anomalous signal. The probes themselves would he sealed to the stack. both physically
and clectronically, so any attempt Lo remove them would sel up ofl alarms, and result
in broken seals ®

The cost of enforcement is almost in the noise. Asstuning a $30 per ton CO2 tax. a
$30,000 package wordd be paid for with 300 tous of fuel Inun. thwee full-power skeaming
davs for a VLCC” 1l a systews alarmed. we will need inspectors 1o go on-hoard ane find out
what happened, but this will he an exeeptional case, If o svatewr stopped veading o the
readings are anomalons, the ship wonld be charaed an amonut that is o cenmons upper bomxl
o what she could have cmitted durimg, the period the svstenn is down or malfundtoning. as
the ARP program does pow. Thus. the owner will be sironelv motivated to keep the system
well inaintained,

hu short. monitoring of ship-based CO2 cmissions is not only feasible. it is
cheap.” Aost impottantly. theie is no opportinity for collusion hetween the people thia
are supposed to be collecting the tax, and those that are supposed to be paving it.

4 Using the Data

The next question is: how should the endssions data we have collectoed at MO Dhe used?
CTX thinks the answer is olbvions: charge the polliter for os pollntion, Send the shipowner
a bill for his cwissions, This s discissed i soue dotaib in the next section. However. this
1= not the only possibie use. The emissions data conld be used.

As a check on a bunkers tax based system 1} we ~tabhornly stick with a hunkets hased
tax. stack gas monitoring conld make the <y ~tenn work, 1 the stack ennssions did not
nateh the Delivery Ticket clanmus, then an wvestigation atd presimalbly foes, ote
would follow. CLX thimk this is o necdless, inethoent, costiv, messy complication of a
direct emissions tax. But 5 could be done

To enforce a cap-and-trade system (TX has avaned stionglv in favor of a tax over a
ennssions perndit trading sasten. But it we wore to inpose an ETS rather than a tax,
it shoald he done via staek gas data vot bambers purehases, And an FTS. Tooal] jes
tanlts, is sasth superior to commmud and contiol legistarion. especiaily FEDI

To enforce mandated standards Last awd Jeast. the svstenn conld be used 1o enfotee
arbittary staidends Sk vcgnlation is hownd 1o be ineflieren, Tl of deop oles.
biases. and wnintended cousequences, and prone 1o all kinds of political influenes,

“ By the sune token anyone who attempted to saiteh ont the elnissions comnpuier for another desigied
to send false sighals 10 the IO wonld nesd to know e codie

" One could umagine fur cxample some kind of barricr o <k flector aust apstrenns fvom the sote beam
path which would ~low the ga- flow aloug the path But ~uely a barior would have 1o e loge 1obust prece
of structure casily detoctod ina number o wans

™ The date wonld be atomatically andited wpon receipt a1 e 1O o1 alaries watfnnetions and stuply
~spiciotis munbers, Onee again the program can leann fiomn the suecosstul ARP proceeannos

“In acte the ~sestetn conld e ginven to the ow nets

W Phe system conld he econamically installed on ships that burn as Iiktle as 2 TPD of inel (100 kW) At
B30/t (202, the pavhack on such a ship (bot?) would be aboud a half o vear, Since the dade collecbon is
tully automated. the marginal adminstration cost of adding another ship to the dalabase is negligible,

' The mast base imintended consecuence of BB is 1hat 11 won't reduce CO2 emissions at least, not fiom
seetors where slow-steaning s practiced. which includes tankers. bulk carriers. and big containerships.[3]




It tlies in the Tace of all we kuow abowt intelligent regulation. 1t is the wrong thing to
do. But it could be doue.

5 A Direct Emissions Tax

For all the reasons discussed in [2] not to mention 100 vears of cconomices Hterature, CTX
believes that the obvious use of the emissions data is a direet tax. Onee a wmonth the cential
data processing entity. which for now I will assume is FAIO, wonld send the owner a bill for
hix emissions.

This raises aonnunber of implemontation issues. which st be addresseds

Price What should the level of the tax he? Beonowie theory tells ns that the price of a
ton of CO2 injected into the atmosphere (regardless of source) should be the marginal
social cost of that ton of CO2.'2 Unfortunately. vo one knows what that is. Current
prices range from about $15 per ton (12U ETS permit price} to about $150 per ton
(Swedish carbon tax) IMO will bave (o nake o guess. CTX recommends starting ount
on the low side, say $25 to $50 per ton CO2. with the wmtention of probably increasing
the tax in the future.

What's important mi CTX's view s that, whatever the tax is. il be fixed [or at least 1
vears. This is requited 1o give the owners the certainte they need to make long-term
imvestuents in CO2 reducing technology, Fvery | vears 1NMO would meet to discuss
adjusting the price. Ideally. over tuae the mternational shipping tax sould follow
similar CO2 taxes prices in other sectors.

Getting Paid Sending onr an mvorce is nor the same as actually collecting the tax, Verv
large s will he ar stake. Owners Tiane the ability to wagicallv disappear and re-
appeal in another corporate guwses and MO has oo police power. To control this
the tax nmst be levied on the ship. 1o the event of non-payvinent. IMO wonld seind
ot an alert to the flag state and the port states who are party o the Convention.
If the woney is uot fortheoming in o 1easonable anount of thue twith interest). the
port states wonkl be empowered 1o detaan the <hip, nutil the monies are pad, Failing,
sich paviments, the ship wonld be awctioned ofl to pay the clams* As long as the
bulk of the major port states detained ships for non-payvment. /i non-paving,
onner would ertlier lese fis =hip or be oo off ol (e world's wmjon tracde routes,
The kev s the port srates.

However. the fag states shonld Lave <1 obiigation as well. Flag states which tolerated
non-paying ship onpers wonld be black-listed by the port stazes supporting the iegis-
lation. This weuld force Qay states 1o cither eulorce the tax, or be relegated to slips
that conld trade ouls 1w the back-waters.

Term Charters There v a potential problenm associated with faxing the ~hip  When a
ship is teri ehartered. the ter charterer becoiues the effective owner, He has control
over what bunkers ave parchased, where the ship goes and Lhow fast. in other words,
how much CO2 the ship produces. For the svstem te work, the tenu el terer. not
the owner. mnst end up being charged the cost of his polluben This will require
reasonably nunor clianges in the et charter conttacts {known as chiater partiest,
AL that i needed 1= a charter pavty elanse that makes the term chatterer explicitly
responsible for thie ship’s CO2 emissions as bitled by IMO duting the daration of the
charter.™t TMO will st il the ship. bat the owner hedomes a pitss-throughi. The
vwner will =stil have to collect from the chaterer but this is an age ok! problen. and
the owner has o munbet of weapous at his disposal. including withlhwiding diseliarge
in the evenur of non-pavment,

12 Onee wo bave itenmalizod 1he cost (6 ~ociety ol eonttime o tan of CO2 by Hapostiy, o fas eglal to the
soctal cost of the most exponsave ton of pollutuan. our job is to do nothing olse. Just <1 bick and 1ot the
market go 1o work  Mandatory requinemem~ it bappen to be effioon given this tax will fave o ol
~tee the ~hipowners wiil adopt thens antonaticalle s aesBacont requarenient won o be adopted which 14
exactly what we wani. [n other words. once the proper tax is 1n place. any mandated 1equirement s ot her
unnecessary or bad for societv. EEDT falls into the Tatter eategors.[1]

I At any givon dune. al most three or four momths of (he tax will be sl sk, Any ship that s worth loss
than four months of her C:02 tax should be pulled off 1he water aud scrapped.

4 Net of any penalties due Lo system mallunetion.




The whole concept of a pass-through is not new. Some port charges and canal {olls
are currently handled this way. In fact. a whole body of law called a maritime lien
has developed around the concept of making the ship respousible for non-payiend.
of charterer expenses.  Nonetheless the enabling legislation must make explicit the
owner's right to require repayment of the CO2 tax from a term charterer (and sub-
charterers) It's little dilferent Lhal asking a landlord to collect an electricity bill from
a tenant.

6 The Scramble for the Rent

The fnal 40 billion dollar o year questiow is* where should the mouey go? This is a political
issue faced by any system that puts a value on a public good. And it 18 an issue into which
CTX will not ventnre. We will say only that the proceeds should be divied up in a way that:

Makes the tax politically feasible Uuless the tax is enacted. the whole exercise is point-
less. This probably means that a portion of the proceeds has to go to the [ag stales.

Does not compromise the price mechanism This wonld ocenr, for example, if the lag
states. competing for owners. rebated a portion of the fax revennes to thelr owners,
This would seem obvions, hat apparently it was not 1o the designers of the EU ETS
system. which gives awae valnable penmits on the hasis of past pollntion. therelny
destroving & portion of the incentive to tedier ennssions which reduetion would cost

the polluter some of next vears allocaton,

7 Conclusions

L. A carbon tax for international shipping based on tracking hueket fuel przchases canmot
he feasibly nuplemented and enforecd  This conclusion hold a forticd tor a hunhkers
hased cap-imnd-trade

2. A carbon tax based o divect <tack measurement of CO2 emissions Is not only feasihle.
it is chieap. andd it wonld be tar. far more diffiendt 1o evade thau a bunkers based scheine,
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CHAPTER 4

Bunker costs in container liner shipping:
Are slow steaming practices refiected 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 (¢) To what
extent has slow steaming changed the relation between fuet costs and fuel surcharges
imposed on shippers by shipping lines?

1 | Introduction

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, 2001:143). 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, 2006:20}. 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

1
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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?

e What is the impact of slow steaming on fuel consumption and liner service
characteristics?

s To what extent has siow steaming changed the reilation 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 from/to 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 far 80
O/D relations using Antwerp as port of departure. Section & 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 4056/86). Their dismantiing 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
commonalty 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:

BAF=(Bunker Price,-Base)x{Consumptionyeyqa)x(Transit Timeaa,)x{imbalance Factor,)

Bunker price change is extracted from the difference in t between a representative
basket of prevailing bunker prices in a specific trade (BPy and a predefined Bunker
base element for a frade (Base) or “normal” bunker cost already included in the freight
rate. The frade specific component is function of the consumption in metric
tons/TEU/day 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 USD/ton, the Bunker base element equaled 65 USD/ton, the
vessel consumption is 0.0256 mt/TEU/day, the transit time 35.6 days and the trade
imbalance equal to 0.5. It led to a BAF of 2x[435-65]x[0.0256x36.5x0.5]= 345 USD to be
paid for each FEU, a value close to the one retrieved from CMA-CGM on-line BAF
calculator (370 USD/FEU}.

Delmas/OTAL (part of CMA-CGM 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 t-1 are used for
calculation of the BAF applicable in month t+1. 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. @0OCL 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 mare
manageabie way than taking into account the actual consumption of ail their operating
vessels. In general terms, the formula is similar to Maersk Line or Delmas/OTAL. As for
many other shipping lines, QOCL 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 ieads 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 34.5 additional USD per FEU
(10% of $345) which for a typical service with 10 x 4,000 TEU vessels sums up USD
690,000 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 | 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:
s e FC +1-a)FC,,,)]

BAF,,, =2.(BP — Base Transittime IF 1
A i ( f ‘-); [TE(/] RN ( )

With FC,  =SFC EL kIVh, (2)

And:

FCy cea the fuel consumption at sea per day for a vessel k

FCi port the fuel consumption in port per day

Rot, the transit time in days with o.Rot, days at sea and (1-o).Rot;, in ports

IFs the imbalance factor for service s

TEY, the total capacity in teu deployed in a service s

SFCy the Specific Fuel oil Consumption in g/kWh

EL the Engine Load in %

kWh the engine power in kWh

Slow steaming impacts both on the fuel consumption of each individual vessel k
(FCises} @and on the characteristics of a service s. Focusing on the first component, for
containerships carrying more than 1,060 TEU which are using two stroke marine diesel
engines, slow steaming reduces the main engine fuel consumption at sea (FCy sea), 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 70-90% of maximum continuous rate {MCR}, a level at which the SFC is
optimal - around 170-195 g/kW (MAN B&W Diesel A/S, 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 B&W Diesel A/S, 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 10-15% 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, 2019), 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 trade-off 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 | 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
Lloyd’s Register Fairplay database (2003); and data on 90 outbound port-to-port
relations with Antwerp as the port of ioading 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 (2008).

Europe/Far 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, 79.5% of Far

! According to one-year data gathered from a private operator for a 4,300 TEU containership with a
maodern engine, the SFC would only increase from 195 to 198 g/kWh and the fuel consumption at sea
would fall by around 60%.
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Europe/Far East services are reported under slow steaming, contrary to services to
Africa (6.3% 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 targest, 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

Number Mean
Age |Design |Engine
Services (% SS | Vessels % SS | TEU Speed | kWh

Africa 16| 6.3 68| 5.9| 2662 9 21 23,570
Far East 39| 79.5 273| 79.5| 7970 5 25 58,778
India/Pakistan 11| 72.7 63| 74.6| 4509 7 23 39,202
Latin /South }

America 21| 286 1311 28.2| 3251 7 22 27,639
North America 14| 14.3 74| 25.71 3983 11 23 32,971
Oceania 31 333 9| 33.3| 2940, 10 22 24,427

55 = slow steaming
Source: Authors from Alphaliner database (January 2010} and LRF (2005)

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 line-bundling services, meaning that no
sea-sea transhipment takes place at intermediate hubs along the route, We distinguish
two periods of analysis. The first period is June-July 2008, when the liner conference
system still existed. As such, the case-study 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 onfy to save on fuel costs but also to absorb the vessel surplus
capacity created by the economic crisis. Information on the average one-way 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 port-to-port 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
O/D relations considered with port of loading Antwerp

Distance Transit time | Commercial speed

Services s Size in TEU in days inkt

Observatio |In nm

n 2008 | 2010|2008 |2010 2008 2010
Africa 15 4731 2525 3903 17.5| 17.8 20.1 19.6
Far East 24 11183 | 7563|9308 | 25.6| 29.1 22 18.4
India/Pakistan 9 7165 | 3963 | 4505 209 24.8 21.3 19.1
Latin/South 5765
America 23 37001 4180 17.3] 18.1 20.7 19.8
North America 12 5056! 410214283 16.6| 17 20.3 19.5
Oceania 7| 13138]2922)2653| 42.9] 40.4 20 20.1

Notes:
(o} including the diversion distance to call at en-route ports of call on liner service

(b} Including total sailing time, tatal part time at intermediate ports of call on liner service and canal
transits

Two markets experienced a decrease in commercial sailing speed. Furope/Far 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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To estimate the ship’s 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 of 2,525 TEU, and the 107 vessels with a carrying capacity between 2,000 and
3,000 TEU reported in LRF {2009) have an average design speed of 22.3 knots. To
determine the engine kWh®, we approximated a log-linear relationship between
engine kWh and TEU, with Engine kWh=exp>®" TEU®® and R®=0.86. In our former case,
it leads to an engine power of 21,444 kWh.

We then estimated the fuel consumption per day using the design speed (22.3), the
commercial speed (20.1 in 2008) and equation 2 for a SFC assumed to remain constant
at 190 g/kwh. 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, (20.1/22.3}, the
mean fuel consumption per day at sea is 24x0.91°x190x21,444/1000000= 74 tons of
fuel burned by day at sea in 2008 (at design speed, the ratio is 1 instead of 0.81). 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 day/TEU 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
tans/day

2008 2008 2010 Maersk
at design at commercial at commercial Line*
speed speed speed
Africa 98 74 95 191
Far East 261 178 131 238
India/Pakistan 146 124 83 160
Latin/South
America 138 107 86 218
North America 151 91 84 156
Oceania 111 83 77 106

* 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 Latin/South America a huge gap exists between estimated and
reported values.

* We also considered age but without significant results. A kkely explanation is that vessel size already
captures the influence of age.
8
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5 [ 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 line’s 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 Aden/Suez transit), port congestion surcharges (if
any) and often also container-equipment related surcharges {e.g. 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 (IFO380 = USS 585 per ton, MDO = USS 1,125 per ton)

Port of ioading = Antwerp Average Average Difference Standard Minimum Maxmum  Ratio BAF Base Ratio BAF
fuelcosts BAFper BAF-fuel Deviation difference difference versus fual freight versus
per FEU FEU <ost per BAF - fuel BAF-fuel costper rate per base
carried 1Oct 10 FEUcarried costs costs FBJ carrigd FEL fraight rate
Region of port of discharge (&) 1 Qct 10 per FEU
carried
Uss Uss Uss uss US$ Uuss Ratio Us$ Ratio
Africa 1112 1328 217 134 -42 286 120 1798 0.74
Far East rd 1003 829 165 425 §46 2.88 83 10.82
ndia / Pakistan 913 847 -66 25 83 -33 093 592 143
tatn and South-Arenca 789 1308 519 352 1% 1119 166 1628 0.80
North Amerca 662 1195 533 75 296 362 181 371 322
Qcgania 16¢1 1453 -238 4] -285 -178 086 1628 089

October 2010 (IFO380 = USS 435 per ton, MDO = USS 680 per ton)

Part of Ipading = Antwerp Average Average Difference Standard Minmum Maximum  Ratio BAF Base Ratio BAF
fuelcosts BAFper BAF-fuel Deviation difference difference versus fuel freight varsus
per FEU FEVY cost per BAF . fuel BAF-fuel costper rate per base
carried 1Qct 10 FBUcarried casts costs FBEU carried FEU freight rate
Region of port of discharge {a) 10ct 10 per F&J
carried
US§ uss =] uUss S5 US$ Ratio uss Ratio
Afrca 684 1077 393 163 118 531 157 1501 472
Far East 184 235 54 GE -84 118 129 702 034
hda / Palustan 453 733 280 74 192 362 161 B6Y 1.10
Latn and South-Amernca 164 1188 122 535 -162 1288 258 1828 085
North Amenca 431 329 -42 61 -129 -1 080 1854 021
Cceania 1178 17 229 158 104 336 119 1841 078

The comparison between our estimates on BAFs and those observed in 2008 uses a
bunker price of USS 585 per ton for the fuel grade IFO 380, to which a USS 1,125 for
marine diesel oil (MDQO} 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 USS 680 per ton for MDO. For each port-to-
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 outbound-to-
inbound BAF charged by CMA-CGM in Qctober 2010. The mean value is 1.56 for
services from Europe to Africa, 0.44 to Far East and 0.98 to Latin/South America, 1.28
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 Latin/South America. Table 4 reports final estimates for the BAF values.

Figure 1. BAF, fuel costs and base freight rate per FEU — port-to-port relations with
loading port Antwerp

July 2008 (IFO380 = USS 585 per ton, MDO = USS 1,125 per ton)
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Table 4 and figure 1 bring together the main resuits 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 cenfirm 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 June/july
2008, the BAF turned out to be slightly lower than the fuel costs in only 19 of the 90
cases. [n 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
BAF/fuel costs ratio of 1.2 in July 2008 to a ratio of 1.57 in October 2010; mainly
caused by high fuel surcharges to West African ports), Latin and South-America (from
1.66 to 2.56; mainly caused by BAF practices to destinations in Mexico and the
Caribbean), India/Pakistan (from 0.93 to 1.61) and Oceania (from 0.86 to 1.19). Except
for Indian/Pakistan, 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 India/Pakistan 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 BAF/fuel costs ratio on the Europe-Africa 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 Europe-Far 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 Europe-North 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 of 2.08). 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 BAF/fuel costs of 1.29). 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 Europe-Far 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 India/Pakistan, North-America and Oceania is more aligned.

6 | 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?, (¢} 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 Europe-Far 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 significantiy
reduces fuel consumption of vessels deployed.

A case-study including 90 port-to-port 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-India/Pakistan 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 0.5 to 1.5. The only noticeable exception is the Europe-North
America trade with most shipping lines now no longer covering the fuel costs via BAF.
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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 in-depth
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 port-specific, 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 (i.e. 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?
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ARTICLE INFO ABSTRACT

Keywaords. Slow steammng strategies have been implemented by most shupping Iines and significantly
€O, emissions recuce CO, enussions from international shipping. This article measures the rate at which
Container shipping CO; emissions have been reduced for vanous contamer trades and estimates the bunker
Slow steaning break-even price at which this strategy 1s sustainable 1n the long run. It is found that shows

Oil bunker prices such reductions can only be sustamned given a bunkel price of ar least $350-3400 for the

main container trades.
¢ 2010 Elsevier Lid. All rights reserved,

1. introduction

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 1t lowers CO; emissions that are proportional to the amount of
fuel burned. This effect is worth studying, especialty 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 vessel's speed by 10%
decreases emissions by at least 10-15% but also creates substantial losses in revenues (Psarafus and Kontovas, 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.

2. Methodology

For containerships with a capacity of more than 1000 TEU using two-stroke marine diesel engines, a speed reduction from
design speed (V) to slow steaming (V..) for a vessel k impacts the main engine fuel consumption at sea (ME, «o), with a lim-
ited effect on the auxiliary engine' (Taber et al., 20103, Accordingly, the effect of a speed reduction on €O, enussions for a ser-
vice with n vessels can be approximated as:

ACOZ Vds -Vss =7 3.17 ~ Z’ MEL sea * Dkwﬂ - 'MEh pi DJ',uur( v= 317 x AFCVd-: 12N “J
kol
with
ME;‘ wea — SFOC;\-XELkX kw hj\ (2)

t-mail address PHeTTe JI"IUlI'.“‘\'l‘-l"I‘:'It‘tl-i‘.'mHd:,’(‘:ﬂ\‘:'ll-\ (1]

' We omit periods duiing which vessels are hotelling or transiting through canals, We also ignore the fact that the use of bow thrusters and the number of
1eefer containers affect fuel consumption.

1361-9209/3 - see front matter © 2010 Elsevier Ltd All rights reserved.
do1:10.1016}).40d. 201,22 003




P. Cariou / Transportation Research Part D 16 (2011) 260-264 261

Table 1

Main engine consumption at sea 1n lonsfday at design speed.
Vessel size (TEU) LRF database’ This paper”

Number of vessels Design speed V. Mk at V. Number of vessels Design speed Vi, ME at Vg,

1000-2000 94 19.4 53 249 196 53
2000-3000 100 209 81 368 218 89
3000-5000 152 229 128 644 236 143
5000~8000 93 24.8 209 420 249 220
8000+ 12 24.4 258 249 246 272

* Four hundred and fifty-one vessels for which consumption at sea 15 provided.
" Thousand nine hundred and thirty vessels for which the engine kW h is known.

where the emission factor in kilograms of CQ, emitted per ton of fuel burned by the main engine is 3.17; Dy 0q is the number
of days at sea; and Dy, is the number of days in ports. The main engine’s daily fuel consumption at sea (MEj..,) is the prod-
uct of specific fuel oil consumption (SFOC,), engine load (ELy) and engine power (kW hy). Vessels are built for sailing close to
design speed, which is 70-90% of the maximum continuous rate (MCR), a level at which the SFOC is optimal and at around
180-195 g/kW h. This value varies by engine type and can change in different weather conditions. We assume that fuel con-
sumption in port (MEy o) is 5% of the main engine consumption at design speed (1S 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 10-15%, 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 SFQC 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 pre-slow steaming era, the SFOC 15 195 g/kW h and the
engine load is 90% of MCR. When the speed is reduced by 30%, the SFOC increases to 205 g/kW h. For a typical 4000 TEU
containership with a 43,000 kW h engine and a design speed of 24 kn, this imples that fuel consumption at sea is 182 tons
per day at design speed. When sailing 30% slower, at 17-18 k1, the fuel consumption is 85 tons per day: a 55% reduction. This
recluction in fuel consumption 1s applied to slow steamung vessels, although differences exist in terms of vessels and trades.’

With slow steaming, however, the rotation :s stretched by ARot, the average number of miles 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 pott of call (Nolteboom and Vermmmen, 2008). This 1un-
plies that the long-term sustainability of slow steamiing depends on the additional operational costs for the n vessels added
(0C€) and on changes in inventory costs {ICy,), as containers spend more timne at sea. The bunker price break-even point (BP")
for which the reduction is sustainable is:

AOCys o ~ ARoty \XIC,,
AFCy .

As long as the current bunker price is significantly more than B, stow steaming is viable and one can expect that the
reductions achieved in CO, emissions will be maintained.

BF =

i3)

3. €O, reductions from slow steaming, 2608-2010

An estimation of the impact of slow steaming on CO, emissions on the trade level requires information on the initial ves-
sel's fuel consumption at sea at design speed (MEy,..,), t0 which a 55% reduction witl 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 ME;. .. information from Lloyd's Register-Fairplay (LRE, January 2010) was used. Table 1, provides details on
the daily fuel consumption for 451 container vessels grouped nto five categories. We compared these figures with our esti-
mates based on a load factor of 90% and an SFOC of 195 g/kwW h, which is multiplied by the engine's 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 Alphalmer i 2010} database in January
2010. These 1dentify the service in which a vessel 1s 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-

4 According to t-year data gathered from a pnivate operator for a 4300 1EU contatnership with a modern engine, the SEOC would only increase from 195 to
198 gfkW h and the fuel consumption at sea would fall by around G0% when speed is reduced by 30%.

’ Event for the 4300 TEU vessel considered here, it Tuns at 10-20% of MCR, equivalent to 12-14 kn, 10% of the rotation.

* For the (2051-1930) vessels for which the engine KW h1s not known. we assume that their consumption 1s equal to the mean of the category to which they
belong {Table 1).




262 P, Cariou/ Transportation Resegrch Part D 16 (2011} 260-264

Table 2
impact of slow steaming on annual fuel consumption per vessel {2008, 2610}
Vessel size Characteristics (2051 vessels)” Days at sea ' Average fuel o1l consumption per ship
(TEW) (1n '000 tons per year)
Number of % Vessels slow Mean size Design 2007" and 2010 2007"  This paper This paper
vessels steaming (TEU) speed Vg, 2008 (2008) (2010}
1000-2000 278 194 1481 19.5 241 244 9700 8997 8759
2000-3000 398 22,6 2542 21.7 247 250 15,600 15.409 14,666
3000-5000 677 37.2 4087 236 250 255 25200 24698 22,789
5000-8000 432 65.7 5948 24.9 251 260 37,500 36.695 31541
3000+ 266 755 9175 24.G 259 270 46,400 46,727 38,777

* Based on Alphaiiner {2010}
» From Buhaug et ai, {2009).

Table 3
[mpact of slow steaming on €O, emussions by trade (2008, 2010)".
Number of % seivices slow Number of % vessels stow Mean size in  CO; emissions in % 2010f
Services steaming vessels steaming TEU 000 tons 2008
Multi-trade 63 571 539 64.2 5994 47,500 -16.5
Europe/Far East 28 78.6 113 748 7720 12,900 16.4
Asla{Norgh 52 423 323 47.1 5142 29.400 9.7
America
North Atlantic 22 227 98 30.6 3469 5778 6.7
Australasia/ 17 23.5 a6 271 3490 6275 4.1
Oceania
Latin Americaf 73 205 314 24.2 2823 16.200 -4.8
Canbbean
Middle EastjSouth 87 230 342 25.7 3802 22,900 -6.7
Asla
Scuth/East Africa 16 313 97 29.9 3007 5460 59
West Afiica 29 20.7 127 37.8 2106 4510 -9.1
Total 387 3154 2051 429 4485 150,921 11.2

* Calculations based on Aiphalirer 2

ven. We retrieved information on the status of a service with regard Lo slow steaming from comments in the database on service
history. Table Z provides descriptive statistics for vessel size; 42.9% 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 i 2008 is assumed similar to Buhaug et al. 72009,, and as a result of the slow steaming,
the average time at sea rose in 2010 from an average of 259-270 days. This inctease 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
steamiing, 35.4% of services in 2010}, a 55% reduction i fuel consumption at sea 15 assumed. [n 2008, the bunker consump-
tion for the 2051 container vessels was 53.6 million tons. Even though 137 more vessels were used, bunker consumption and
CO, emissions decreased by an estimated 11.1% 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 around-the-world and pendulum ser-
vices. The largest number vessels are deployed 1n multi-trades {35.1% of capacity), followed by the Asia/North America
{18.1% of capacity) and the Middle East/South Asia (14.1% of capacity} trades. The under-representation of the Europe/Far
East trade is because most multi-trade services cover this leg. In January 2008, 78.6% of Europe/Far East services were under
slow steaming, compared with 57.1% of multi-trades.

The decrease in emissions is 11.1% due to reductions in fuel consumption represents a fall from 170 million tons of CO; in
2008 to 151 million in 2010, with the greatest reduction is for vessels on the multi-trade and Europe/Far East services. This
contrasts with smaller trades such as Australia/Oceania 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 {(0C,) were retrieved from
HSH Nordbank (2008). This figure was $7000 per day for 1000-2000 TEU vessels, $3000 per day for 2000-3000 TEU vessels,
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and $9000 for 3000 TEU plus capacity vessels, To determine inventory costs, we rely on the estimate provided by Ecfsen and
Cerup-Simonsen {2010 of an average value of $27,331 per TEU, an annual terest rate ol 35%, with 70% of full containers.

For instance, for multi-irades services 1n January 2010, we assume that 36 vessels (57.1% « 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 (56,900,000-47,500.000)
(2 ~3.17)=%1482,000 tons of fuel

+ Additional operational costs, which are equal to $116 nullion for the 36 additional vessels.

» In-transit inventory costs equal to $266 nullion for 70% of the 64.2% . 3.2 million TEU that are spending one additional
week at sea.

The bunker break-even price for multi-trade services at which slow steaming would be viable 15 then equal to $259 per
ton of IFO. Given current bunker prices, suggesting that vessels are unlikely to return to normat 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 Australia/Oceania, Latin America/Caribbean trades, the percentage of
services uitder slow steaming are relatively low and the bunker break-even 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 [FO 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 1n Rotterdam. For these markets, the implementation of a tax levy (Marine
Eomvironment Protection Commitiec, 2009a} of around $50 could be encugh to pass the break-even point.

5. Conclusions

This paper shows that slow steaming has reduced enussions by around 11% over the past 2 years; close {0 the target of a
15% reduction by 2018 that was proposed by the International Maritinte Organisation’s Marine Lnvironment Prolection
Comumutiee, 2009Db). Furthermore, the reduction is achieved without the adoption of any new technology i 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 15 likely to cause freight rates to rise, slow steaming can only
remain sustainable if bunker prices remain high or if powerful market-based solutions, such as tax levies and/or cap-and-
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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