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The future is looking green
As oil prices continue to increase and carbon emission targets gain a foothold,
shipping companies search for innovative ways to cut rising fuel costs. Two
innovative technologies to reduce fuel consumptions have been around for
centuries, but have been underutilized. This paper hopes to encourage and inspire
greener, technological advancements to the shipping industry, as well as further
reduce the knowledge gap in relation to the potential of wind power technology.

Flettner Rotors & Towing Kites
Flettner Rotors and Towing Kites are two wind power technologies. Flettner Rotors
are large cylinders rotated by a motor. Flettner Rotors are placed on the deck of the
vessel, and require ample space. Thus, Flettner Rotors are generally reserved for
Tankers. When a beam wind occurs, the rotor spins to generate a Magnus Force
which provides extra propulsion forward for the ship, thus providing fuel savings.
The wind generally must be greater than BF 3 to provide sufficient benefits.

Additionally, this paper also investigates Towing Kites. Flying in front of the ship, the
kite does not take up any deck space, and can be attached to most existing ships.
Tail winds are preferred when utilizing Kites, as a large thrust is generated in the
direction of the rope, thus providing fuel savings. BF 3 or greater is typically required
to experience any benefits. A more detailed explanation on how the Flettner rotor
and kite show very different behaviour with respect to wind direction is provided at
Annex A.
Now we are ready to begin to analyze these two unique technologies, and
help you assess which innovation is better suited for your fleet of ships.
We will analyze both inventions separately on the major ocean ship routes, to determine which routes are best suited for Flettner Rotors, and Towing Kites alike. More
importantly, we will also examine how these results change seasonally on these
routes. Please note our route considerations assume a ship speed near 12kts and
are based on climatology. Actual results will vary depending on the vessel’s actual

2 of 12

speed and observed weather conditions. Red portions of the maps below describe
unfavourable climatological conditions along the route yielding a benefit <30% of
the time. Amber colours describe marginal climatological conditions along the route,
yielding a benefit 30%-50% of the time; and Green colours represent 50%-100%
likelihood of seeing beneficial weather conditions.
The below graphic depicts general weather patterns in Summer and Winter,
which may be referenced later in this paper.

Average Surface Pressure Systems & Associated Circulation

Pacific High, Azores High, Siberian High

Aleutian Low, Icelandic Low

Pacific High, Bermuda High
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South Atlantic routes

What is the recommended method?

CAPE TOWN  LOME Northbound I Towing Kites all year long
CAPE TOWN  NORTH BRAZIL Westbound I Towing Kites all year long
CAPE TOWN  RECALADA Westbound I Flettner Rotor all year long
RECALADA  CAPE TOWN Eastbound I Flettner Rotor all year long

Flettner Rotor on a westbound route,
in March-April-May.

Towing Kite on a vessel Northbound,
in December-January-February

SOUTH ATLANTIC: WHY THOSE RECOMMENDATIONS?
The subtropical ridge contributes to the majority of weather across most South
Atlantic Routes. Located near 30S, the semi-permanent High generates SE trade
winds on the north side. East-bound routes from North Brazil and Southbound
routes from Lome experience significant head winds for a majority of the route.
Conversely, Northbound routes to Lome and westbound routes to North Brazil
experience following winds.
Southerly routes to and from Recalada transit near the subtropical ridge, and would
be subject to passing cold fronts periodically, especially in June-July-August(winter
months). Thus, variable winds with a tendency from the northwest and southwest directions would strongly favor the Flettner Rotor.
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Indian routes

What is the recommended method?

SINGAPORE  FUJAIRAH Westbound
Towing Kites In Winter & Rotors in Summer.
FUJAIRAH  SINGAPORE Eastbound
Towing Kites in Fall and Spring. Rotor in Summer.
SINGAPORE  SUEZ Westbound
Towing Kites and Rotors in Winter
SUEZ  SINGAPORE Eastbound
Flettner Rotor in Winter. Kite in Spring, Summer and Autumn.
SINGAPORE  CAPE TOWN Westbound
Towing Kite all year. Flettner Rotor in Spring, Summer, Autumn.
CAPE TOWN  SINGAPORE Eastbound
Flettner Rotor and Towing Kite all year.

Flettner Rotor on a westbound route,
in March-April-May.

Towing Kite on a vessel westbound,
in December-January-February
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INDIAN ROUTES: WHY THOSE RECOMMENDATIONS?
Northern Hemisphere Indian Ocean routes are typically at the mercy of the
monsoon seasons. This helps explain the seasonal variability when determining the benefits along these routes. Summer southwest monsoon season
provides strong winds in the Bay of Bengal and Arabian Seas. Similarly,
Winter northeast monsoon season generates the vast majority of weather
in the Arabian Sea and Bay of Bengal. Transition seasons like Spring and
Autumn are usually experiencing lighter winds in these regions, which is
largely unfavorable for Rotors.
Southern Hemisphere Indian Ocean routes experience a complex variability of
winds. Monsoon winds determine winds North of 10S. Between 10S and 30S
winds prevail throughout the year from the SE, with the strongest winds occurring in the Winter months (June - Sep). Between 30S and 40S, winds are variable, becoming predominantly westerly in the southern part of this zone.
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Major North Atlantic routes
What is the recommended method?

NORTH BRAZIL  GULF OF MEXICO Westbound
Towing Kites all year
GULF OF MEXICO  NORTH BRAZIL Eastbound
Flettner Rotor mainly in the Winter and Spring.

Flettner Rotor on a vessel
eastbound towards Brazil in Spring

BRAZIL/MEXICO: WHY THOSE RECOMMENDATIONS?
It’s all about the trade winds. E’ly trade winds dominate this region of the world
throughout the year. Towing Kites are the clear winner in this technology race
and would see exceptional benefits on westbound routes, due to stern winds.
Conversely, the Flettner Rotor yields sufficient benefits, particularly in the Winter
and Spring seasons.
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GULF OF MEXICO  ENGLISH CHANNEL Eastbound
Towing Kites all year.
MEXICO  ENGLAND: WHY THOSE RECOMMENDATIONS?
The subtropical ridge dictates the weather conditions with the polar jetstream
having a stronger influence in the winter-time. Routes typically experience S to SW
then W winds as vessels move around the subtropical ridge on eastbound routes.
This is favorable to Eastbound vessels who utilize Towing Kites. Westbound routes
could see benefits if they utilize the Flettner Rotor, but would be variable due to the
particular weather pattern occurring. However, Rotor benefit could be improved if
a vessel steamed SSW in the Bay of Biscay before heading westbound to the Gulf
of Mexico in the Autumn and Winter months, but would be, once again, subject to
the weather pattern. This is riskier in the winter months due to the high frequency of
gales during the winter. Kite use along the route from Matanilla Shoal to the English
Channel can be improved by travelling north of 30N while west of 75W before
turning during all seasons outside of fall.
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Major Pacific trade routes
What is the recommended method?

SINGAPORE  CJK Northbound
Towing Kite, only in Summer.
CJK  SINGAPORE Southbound
Towing Kite, in the Fall, Winter and Spring.

A Towing Kite on a vessel southwest
bound for Singapore in the Winter

A Towing Kite on a vessel Southwest
bound for Singapore in the Summer

SINGAPORE/CJK ROUTES: WHY THOSE RECOMMENDATIONS?
The South China Sea and East China Sea are characterized by the monsoon seasons;
similar to the Northern Hemisphere Indian Ocean. Thus, Northbound routes from
Singapore to CJK experience unfavorable head winds during Fall, Spring, and
Winter especially, due to NE monsoon winds. Northbound routes only experience
large favorable stern winds during SW Monsoon season in the Summer Months.
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BALBOA  N. CHINA Westbound
Flettner Rotor all year.
N. CHINA  BALBOA Eastbound
Towing Kite and Flettner Rotor all year.
BALBOA/N. CHINA ROUTES: WHY THOSE RECOMMENDATIONS?
The subtropical high off California is a large semi-permanent feature, strongest
during summer months and extends most westward during this time. Eastbound
vessels on the North/west quadrant would see favorable sw winds for Rotors and
Kites. As cold fronts pass across the route, becoming more likely in winter, NW
winds also aide Rotors and Kites.
Largely persistent NW winds along the Southern Coast of Mexico would be advantageous for eastbound vessels carrying a Kite, especially in winter months. For
westbound transpacific routes the use of kites can be improved by remaining south
of 30N while west of 150E in the Spring and Fall until approaching Japan as this will
allow for easterly winds for most of the voyage.

Summary
After examining several scenarios, it is clear there is not a superior
technology. The industry consensus holds true: equipping Towing Kites
and Rotors into your fleet will yield the greatest benefits. Additionally, fleet
managers must consider the large seasonal variabilities on these routes if
they are trying to maximize their savings. The future seems bright for new
advances in shipping to spur decades of cleaner growth.
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A large inspiration behind this paper came from ‘Applied Energy’, written by
Michael Traut. Thanks for your contribution to the scientific community, and
allowing us to build on your knowledge.
Traut, Michael, et al. Applied Energy, vol. 113, 16 Aug 2013

Annex A.
How power is delivered from a Flettner rotor and Kite.

The Flettner rotor and kite show very different behaviour with respect to wind direction as shown at Fig 1. The kite works well with a tail wind, in particular when the wind
speed is greater than compared to the ship speed. However, the Flettner rotor works
particularly well for winds on the beam, with the output becoming very low or even
negative for a head or tail wind as the lift force points in the direction perpendicular to
that of the ship, and the drag force dominates.

Figure 1. Conceptual polar plots showing the power delivered from the Flettner rotor (a) and the kite (b),
as a function of the true wind angle for a ship course of 0 as indicated by the black arrow. For a ship speed
of 6 m/s (red top half) and 10 m/s (blue bottom half), five different wind speeds are shown from 15 m/s
(outer curve), then 12.5 m/s, 10.0 m/s, 7.5 m/s, and down to 5 m/s (inner curve). In the case of the kite, the
innermost curve in the bottom is zero, because the wind speed is so much lower than the ship speed. As
they are naturally symmetric only one half of each curve is plotted.

In both cases, cut-off criteria apply and show in the plots: for the Flettner rotor, the
cut-off is when the apparent wind speed exceeds 13 m/s (25.3Kt), at which point the
rotation rate is throttled to keep forces on the rotor constant. This explains the kinks in
the curves shown in Fig. 1a. For the kite, the transient power drops to zero when the
angle between the apparent wind and the travel direction of the ship exceeds 135, indicated in Fig 1b.
‘Propulsive power contribution of a kite and a Flettner rotor on selected shipping routes’
M. Traut et al. / Applied Energy 113 (2014) 362–372
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Fleetweather Operations Centre
is now part of Podium5 Advanced.
Now under the ownership of StratumFive, with an expanded team and a new
24/7 meteorological operations centre in New York, FleetWeather routing
and forecasting services are now available as part of the integrated Podium
Advanced package.

Find out more online.
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