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Measures commonly used to summarize the statistical
distribution of values of a variable include measures of
central tendency such as the mean, measures of spread
around central values such as the standard deviation,
measures of how peaked the distribution is such as
‘kurtosis’ and how skewed it is. Respectively, such
measures describe the first, second, third and fourth
‘moments’ of a statistical distribution. The mean of
the variable ‘ship fuel consumption’ is fundamental
to decision-making in the shipping community but
bunker fuel price hikes in the 1970s briefly stimulated
practitioner interest in the variability of the distribution
known to be underpinned by nonlinear textbook
relationships between a ship’s fuel consumption and
its sailing speed [1]. Practitioner interest in the second
moment waned during the ensuing decades of relative
global prosperity and moderate bunker costs. By 2009,
estimates of the sustainability of many supply chains
involving the UK were based principally on carbon
emissions estimates related to distance shipped [2.3].
These statistics have scant regard for ship speed, ship
size and ship type, or the specifics of supply chain
trans-shipment configurations. Aggregate estimates of
carbon emissions were offered as a basis on which to

evaluate supply chain sustainability [4]. Predicated by
an implicit assumption that the first moment of the
distribution of fuel consumed per unit distance traveled
would suffice to estimate a ship’s emission levels,
voluminous calculations of tonne-kilometers moved
at an assumed mean vessel speed were undertaken.
Comparative evaluations between different supply
chains or commodities were proposed to record the
levels of sustainability that a particular supply chain
had achieved [s5].

Ships are expensive units of capital and incur high
fixed costs. If over time the mean size and building
costs of ships increases, so too do the hourtly costs of
owning or chartering them and the revenues per unit
time that owners or charterers must earn to recover
those fixed costs. Logically, pressures on operators
increase to maximize the vessel cargo tonne-kilometers
achieved each hour to recoup capital outlays quickly.
Given a fixed ship cargo carrying capacity, vessel
output and operating revenues per hour can only be
raised by increasing mean voyage speeds. Over time, as
expectations of reduced voyage times become embedded
in charter parties, charterers insist on due diligence
requirements that threaten punitive damages for late
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delivery, further fueling the economic pressure to ensure
a speedy passage.

The onset of global recession in 2007 heralded
spiraling bunker prices and ship operating costs
accompanied by plummeting freight rates, which
removed the profit margins of both ship owners and
charterers. Realization that fuel consumption does not
depend solely on distance sailed, but as an endogenous
variable to be managed and optimized through speed
changes, rekindled interest in the second moment of the
ship fuel consumption distribution. Slow steaming may
save fuel and bunker costs at a more than proportionate
rate [6,7]. As bunker costs rise, the capital cost pressures
to speed up are increasingly offset by operating cost
pressures to slow down. Because ship speed decisions
may have complex and contradictory implications, the
behavior of all moments of the ship fuel consumption
distribution, and the ordering of motivations for slow
steaming and their implications, must be researched
before speed can be optimized and managed effectively.

€€ Are motivations for slow steaming inherently
environmental to intentionally reduce emissions, or solely
financial to cut operating costs with involuntary
environmental side effects? 29

If bunker fuel levies or related market-based measures
are to be effective decision-regulators of GHG emissions,
the motivations that underpin shipping practitioners’
investment and operating decisions need to be
understood. Does some innate willingness to embrace
sustainability supplement the financial considerations
of shipping practitioners? Are motivations for slow
steaming inherently environmental to intentionally
reduce emissions, or solely financial to cut operating
costs with involuntary environmental side effects? To
elucidate, a content analysis was undertaken of attitudes
expressed in Sustainable Shipping trade press articles
whose titles included ‘Slow steaming’ published from
May 2008 to February 2010, a period of recession
and environmental awareness. This analysis revealed
both financial and environmental motivations for slow
steaming and where multiple motivations are expressed,
the ordering is interesting [8]. If a company slow steams
to ‘save money, save fuel and benefit the environment’
then three effects are stated. “To save money’ is the
effect stated first. The second stated effect is ‘save fuel’,
relegating ‘benefit the environment’ to the third stated
effect. Of the 27 articles analyzed, ten identified a first
stated effect of slow steaming as an efficient way to reduce
fuel consumption; 14 noted fuel cost motives, nine as
a first stated effect; 15 mentioned environmental issues
including ‘to cut CO, emissions’, ‘reduce environmental
impact’ or ‘help the environment’, including one first

stated, nine second stated and three as third stated
effects. In this sample, reduced fuel consumption
and fuel cost motivations preceded sustainability and
environmental concerns, which were relegated at best
to secondary considerations or afterthoughts.

Anticipating rapid economic growth, an initial
research design sought to repeat the analysis in 2012
to compare practitioner attitudes at different stages
in the shipping cycle. Ironically, prolonged global
recession necessitated a reformulation to compare
initial reactions to slow steaming during recession
with reactions during sustained recession, as revealed
in 25 articles published from June 2011 to June 2012
selected using the criteria established earlier. Of these
articles, 12 noted that slow steaming practice varies
with the economic climate, seven noted that it will
persist, five expressed concerned at the practice, four
highlighted new adoptions and three considered that
an optimal level had been reached; only one described
slow steaming as temporary. With slow steaming now
embedded as an enduring practitioner behavior, eight
articles identified reduced bunker fuel consumption as
a first stated concept. Bunker cost reduction was the
first stated concept in eight articles and second stated
in two others. Environmental benefits were the first
stated concept in one article and second stated in six.
Seven noted a role in balancing capacity in the market.
Based on this evidence, fuel consumption and cost
concerns preoccupy shipping practitioners, relegating
environmental considerations to an afterthought both
at the onset and continuation of recession.

Many interesting research issues remain unexplored,
including investigation of the third and fourth moments
of ship fuel consumption distributions, which may
underpin attempts to manage and cut costs. Attempts
to manage fuel consumption as ships accelerate and
decelerate require careful study and monitoring, perhaps
near Emission Control Areas as ships approach coastal
or port locations with reduced emissions limits, or as
ships with reduced engine capacity attempt to avoid
storms. Similarly, traditional trading practises of buying
and selling a ship’s cargo during a voyage to obtain
market price advantages, and subsequently speeding up
to achieve a higher price at a different destination, may
need reviewing. Optimal ship speed research emphasises
the value of a systems approach to managing carbon
emissions [9]. A systems framework that models and
interlinks complex interactions between constituent
system components is required to underpin discussion
of the impacts of potential regulation and intervention
(10]. Aside from the complexities of apportionment
(11], if for example a bunker levy fails to promote slow
steaming because cost increases can be passed on to
consumers, or engenders modal transfers to highly
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polluting road transport modes because it renders
shipping costs uncompetitive, it could induce rather
than reduce carbon emissions.
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