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A B S T R A C T

For over 5000 years, humans have successfully harnessed the power of wind to transport people and goods
across the world's oceans. This research expands on previous studies of the unique Flettner rotor propulsion
system and the demonstrable success in reducing fuel consumption and carbon dioxide (CO2) emissions. Recent
examples such as Enercon's E-ship 1 have proven seaworthy and economically viable along major shipping
routes. The remote Pacific island countries (PICS), however, have the unique characteristics of retaining a re-
markable seafaring heritage while remaining on the periphery of global commerce. With data obtained from a
field study of Fiji's domestic shipping, this research analyzes the potential for implementing Flettner rotor
systems to achieve more economically viable alternatives to the current situation. The findings show that with an
incremental approach and the addition of a government fuel savings incentive, the Government Shipping
Franchise Scheme (GSFS) subsidies could be significantly lowered for Fiji's ten uneconomical shipping routes.
Four scenarios of 5%, 10%, 15%, and 25% fuel savings contrast the baseline data on one extreme with a zero-
emissions scenario on the other. The most likely fuel savings scenario of between 10% and 15% results in a 20-
year government savings of between 348,042 and 522,063 U.S. dollars and a 20-year cumulative reduction in
CO2 emissions of between 2931 and 4396 t. The paper concludes that Flettner rotors show promising results in
reducing fuel consumption and CO2 emissions and recommends future studies in collaboration with the Fiji
government to develop practical strategies of implementation.

1. Introduction

A variety of renewable energy technology options exist that could
theoretically improve cost performance and reduce carbon dioxide
(CO2) emissions from sea transportation in Pacific Island countries
(PICs). Earlier studies have revealed linkages between sea transporta-
tion, fossil fuel dependence, and the negative impacts on local and re-
gional economies [1–3]. As the irrefutable evidence and overwhelming
consensus in the scientific community on climate change becomes ever
more apparent, industry leaders must take urgent action to ensure the
transition to a clean economy. While the shipping industry remains
unbound to any global agreements or targets set by the United Nations
Framework Convention on Climate Change (UNFCCC),2 governments,
industry, technological firms, and the finance sector should work in a
coordinated, concerted effort to reverse the growing emissions of the
shipping industry [1,3,4].

Having one of the most robust economies (GDP approximately US
$8.3 billion) and institutional capacities among PICs, Fiji is best

positioned to be the first island country to systematically implement
sustainable shipping solutions [2,3,5]. Fiji contains over 330 islands
(110 of which are inhabited), has a population of approximately
915,000, and relies on blue water sea transportation to connect the
various islands’ economies. While some shipping routes are economic-
ally viable, 10 routes are considered uneconomic and require assistance
from Fiji's Government Shipping Franchise Scheme (GSFS), which was
originally implemented to fund 42% of the cost of the fuel to attract
private operators to service the routes monthly [6].

Despite the fact that 10,000 t and smaller vessels, which carry
around 4% of global cargo load, account for approximately 26% of all
global shipping emissions [7], the majority of research and develop-
ment opportunities – as well as available funding – are allocated to
larger vessels for inherent economic rationalization. It is in this back-
drop that the older, more inefficient ships comprising the entirety of
Fiji's domestic shipping fleet can benefit from much needed research
and practical applications. Despite these challenges, the reward of de-
monstrating to the world a commitment to the development of a new
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2 Under the Kyoto Protocol, the authority of setting emissions standards and targets for the shipping industry until 2020 are delegated to the International Maritime Organization
(IMO).
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interisland shipping program based on renewable energy technologies
could act as a catalyst to propel other developments in sustainable
shipping. Furthermore, the incentives and possibilities in the wake of
the twenty-first Conference of Parties (COP 21) in Paris reveal sig-
nificant funding opportunities available for countries committed to
clean energy and reducing CO2 emissions [8].

This paper is a data-driven case study of Flettner rotors – one of the
more promising applications – in comparison with the current baseline
scenario and a theoretically zero emissions scenario to determine the
overall economic feasibility and its effectiveness at reducing CO2

emissions in Fiji's domestic shipping industry. The Flettner rotor is a
viable renewable energy technology option, as recent research shows
potential savings of 24.1% of normal engine power on the Suva, Fiji to
Uvea, Wallis & Futuna route [9]. The theoretical fuel savings are sig-
nificant for the oil-dependent PICs economies; however, a more realistic
economic assessment is necessary to determine the underlying business
case of implementing such technologies. In a market-based economic
system, the priority of shipping owners, charterers, and operators is
maximizing profits; if applications such as Flettner rotors prove finan-
cially interesting and profitable, businesses are likely to show much
more interest in implementing them as quickly as possible. The four
Flettner rotor scenarios represent fuel savings potentials of 5%, 10%,
15% and 25% when compared with the baseline scenario. Additionally,
a zero emissions scenario represents 95% fuel savings to account for
more realistic operational measures, where it would be unadvisable to
have no diesel backup for safety considerations (such as navigating
close to shoal water, anchoring, or in the absence of wind).

2. Flettner rotors: theoretical foundations and practical trials

In order to fully demonstrate the economic and emissions reduction
potential of introducing Flettner rotor technology to the domestic
shipping routes of Fiji, an examination of the relevant scientific prin-
ciples and historical developments of the technology provides a back-
ground understanding of the research findings. This section begins with
an exposition on the Magnus effect, as it is the underlying principle on
which Flettner rotors function, followed by key historical experiments
and designs over the past century as well as current trends in research
and development. With this background information, an analysis of the
more recent data from Fiji's uneconomical domestic shipping routes will
have sufficient context to develop scenarios of realistic economic fea-
sibility.

2.1. The Magnus effect

Centuries ago, artillerists and ballistics experts – along with ball
players of certain sports – observed unexpected trajectories of spherical
objects. The explanation for this appeared as early as 1742, when B.
Robins opined that these deviations in trajectories were due to the ball's
rotation itself. In the first half of the 19th century, Robins experimented
with spheres containing offset centers of gravity that resulted in cor-
responding deflections in the actual path of the spheres [10]. Robins
showed that a sphere rotating in different variations resulted in a
transverse force acting upon the sphere itself. Heinrich Gustav Magnus
scientifically verified the eponymous effect in 1853 by experimenting
with a centrifugal blower producing an air stream over a brass cylinder
[10].

The Magnus effect is closely related to the Bernoulli principle,
which correlates velocity and pressure of a moving fluid. As pressure
increases, velocity of the fluid must decrease, and vice versa. Bernoulli's
equation expresses this statement:

= −P C dv1
2

2
(1)

Eq. (1): Bernoulli's equation
where P is pressure, C is a constant, d is the constant density of fluid,

and v is the fluid velocity. This equation, simplified for study in ideal
conditions at constant elevation, is similar to the Magnus effect, the
difference being that the rotation of a rotating or spinning object itself
causes the change in velocity. The following equation shows this force:

= ∙Fm S w v( ) (2)

Eq. (2): Force from rotating object
where Fm is the Magnus force vector, S is the air resistance coeffi-

cient, w is the object's angular velocity, and v is the velocity of the fluid
[11]. Subsequently, Lord Rayleigh mathematically proved this, de-
monstrating that airflow around the cylinder, if superimposed with a
circular motion, generates lift at a right angle to the airflow [12]. In
other words, rotation of the cylinder induces a perpendicular Magnus
force, or lift (Fig. 1). This effect is noticeable in sports such as tennis
and golf. Professional tennis players use this effect to cut the ball over,
under, left, or right in order to produce a lift force in the opposing
direction. Similarly, golf professionals know how to benefit from the
Magnus effect in certain swings, such as driving the ball greater dis-
tances with lift generated by applying an undercut. The lift force is
similarly applied to a cylinder, which is the basis for the technological
application of Flettner rotors for ships.

Fig. 1. Magnus effect on rotating cylinder.
(Source: http://www.norsepower.com/rotor-sail-solution/
technology)
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