SHIPBUILDING & EQUIPMENT

GREEN SHIP TECHNOLOGY

Reducing GHG emissions
of existing fleet and newbuildings
WINDSHIP Much of the mitigation in GHG emissions from shipping has come from reducing ship speeds to

save fuel, particularly in the container sector. That appears to be coming to an end as the combination of low
fuel costs, skyrocketing freight rates which have increased ten-fold in some cases over the last 18 months, and
an effective cut in capacity due to heavy port congestion have all seen vessel speeds rising again. With the
innovative Windship design, deep-sea shipping could see a shift towards zero-carbon operation, writes
freelance journalist Nick Savvides.

The most apparent feature of the new ship design are the tri-foil sail rigs

T

he Fourth Greenhouse Gas (GHG)
study, which was released by the
International Maritime Organization (IMO) in 2020, has shown that the
GHG emissions – including carbon dioxide, methane and nitrous oxide – of total
shipping (international, domestic and
fishing) have increased from 977 million
tonnes in 2012 to 1,076 million tonnes in
2018.
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By the time the fifth IMO GHG study
is carried out, emissions will have increased
further unless the maritime sector can find
methods of drastically reducing GHG emissions from existing and new ships. Deep sea
tankers, bulk carriers and container ships
are the major polluters in this scenario.
UK-based Windship Technology Ltd
believes that it has found a way for bulk
carriers and tankers to reduce substantially
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the carbon bow wave of modern shipping,
both for existing vessels and newbuildings alike. Cutting GHG emissions is central to the Windship vessel concept, but
the designers were also keen to develop
a carbon-zero vessel using adaptations of
existing technology. The company has
succeeded by using a combination of technologies specifically developed for use in
the maritime sector.
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However, the real benefit of the Windship design, which can be operated with the
same operational costs as a conventionally
powered vessel, will come with the introduction of carbon pricing. Potentially that
could save millions of dollars as well as substantially reducing the emissions output of
one of the world’s major polluting industries. The International Chamber of Shipping has just submitted a proposal for a carbon levy for discussion at the next MEPC
meeting in November.

Sail technology
The most apparent feature of the design are
the tri-foil sail rigs which bear more than a
passing resemblance to vertically mounted
aircraft wings, three to a mast, complete
with trailing edge flaps. The wing design
optimises the energy from the wind to provide the major power source.
The tri-foil rigs are computer-controlled
for optimum thrust and can generate significant levels of energy even at oblique wind
angles. They are designed in 36m and 48m
sets, with a 60m design under development,
with the system sitting on top of a steel cruciform base which is attached to a slew bearing on the main deck, allowing the whole rig
to orientate to the required wind direction.
According to Windship, the tri-foil sails
are “unique” and are now patented. “The
rigs provide the highest power density of
current wind technologies,” the company
said in a statement.
Moreover, “the performance of the Windship rigs has been developed using computational fluid dynamics (CFD) by Cape Horn
Engineering and independently verified by
the University of Southampton Wolfson unit.
The rig [design] has also been wind tunnel
tested,” offering further proof of the configuration and the claims made by Windship.
Classification society DNV has issued
Approval In Principle, awarded in late August this year following extensive analysis of
the ship’s design. Windship vessel designer
Simon Rogers welcomed the news, saying, “That means DNV believes the system
works.”

The efficiency of the sails has been extensively tested

Making sure that vessels function as
designed is critical, but optimising their operation will remain critical for cutting costs
and proving attractive to prospective operators. Route planning technology, including
weather routing systems, will rapidly calculate the quickest and most environmentally
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favourable route for a vessel, depending on
wind, currents and weather extremes such
as storms.
Windship reveals that “the effect of
these rigs on the ship has been modelled via
CFD and the analysis has shown that three
36m rigs installed on a 74,000dwt ship >

4

s hip D esigN & c oNsult g Mb h

A

Source: Windship

READY

info@shipdesign.de
www.shipdesign.de

Ship&Offshore | 2021 | Nº 5

SPI_005_21_010-027_SE-.indd 11

11

15.09.2021 11:30:56

SHIPBUILDING & EQUIPMENT

GREEN SHIP TECHNOLOGY

Schematics of the functionality of a carbon capture and storage system

would effectively be fully sailing, no engine
required, at 12 knots with typical Southern
Ocean wind strengths.”

Carbon capture and storage
As wind is capricious by nature, each vessel
will need back-up power. In the Windship
design this comes from a diesel electric system with top-up energy from solar panels
and a carbon capture and storage (CCS)
system developed by Calix in Australia.
Calix’s Recast CCS system requires
the development of a circular carbon
economy which uses a calciner to heat
limestone, similar to the production process of clean cement. The limestone, or
calcium carbonate, is broken down by the
heat process into calcium oxide which can
be used in the exhaust gas of Windship’s
diesel electric system, collecting GHG’s
including carbon dioxide and returning
the calcium oxide to its original calcium
carbonate.
Recast designer Brian Sweeney said,
“The development process has already
begun in Australia and will build up to a
2-MW diesel test genset.” He went on to say,
“We will soon begin building a full-scale cement plant with zero emissions, which will
be ready by 2025.”
According to Sweeney, shipping does
not have a good alternative for deep-sea
vessels but the Recast system combined
with sail and solar energy will deliver a
propulsion system that will cut annual
carbon emissions to zero at an operational
cost that is comparable with a conventional vessel.
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Other companies are looking at developing CCS systems within the next two to
three years as a way of mitigating carbon
emissions from existing tonnage. One of
those, notably, is Wärtsilä whose director of
the exhaust treatment division, Sigurd Jenssen, believes it is important that “regulators
do not close the door on CCS systems.”
Jenssen said that historically Wärtsilä
did not believe that CCS was a viable technology for the maritime sector but now that
land-based technology has matured with
liquid and solid solvent-based systems that
the company will look to develop a CCS for
marine use.
Acknowledging that a CCS unit will
require room in an already crowded engine room, Jenssen believes: “Any technology will take up space and that will mean
sacrifices will need to be made. Wärtsilä is
not targeting the capture of 100% of carbon
emissions,” he said, pointing to IMO requirements to reduce carbon emissions by
at least 50% by 2050.
The Finnish company is installing a
CCS system on a 1-MW auxiliary engine
at its research centre in Moss, Norway, with
the aim of “shrinking” land-based designs
for use in the maritime industry. “Our ambition is to have a ship-ready system within
three to five years,” he said, adding “A fiveyear horizon is well within reach”.
In contrast, Windship has reduced the
amount of fuel required by adding zerocarbon technology rather than compromising on the zero emissions target. Nevertheless, the Wärtsilä CCS system could well
prove extremely useful for the retrofit market.

Meanwhile, in Japan, K-Line has created another system that could prove useful for existing tonnage. In August, K-Line
revealed it had fitted a small CCS unit to an
88,800dwt coal carrier, Corona Utility.
The irony of the cargo destined to be
carried by Corona Utility cannot be ignored,
but the vessel itself will reduce carbon
emissions using a small system installed
by Mitsubishi Heavy Industries with safety
approvals from ClassNK. The system, Carbon Capture-Ocean or CC-Ocean, is an
experimental CCS installation that will operate for a year, offering analysis and demonstration tests that will allow the partners
to commercialise and reduce the size of the
system for use at sea.
Details of the CC-Ocean design are
sketchy, but it is understood that this system, like Wärtsilä’s, will only partially capture the carbon in a vessel’s exhaust, with
K-Line’s stated aim of surpassing the IMO’s
interim target of reducing emission intensity 40% compared with 2008 levels, by a
further 10%.

Interest for newbuildings and
retrofits
Windship is now in detailed discussions
with a number of owners and charterers for
Kamsarmax newbuilds, which are around
80,000dwt, and to retrofit vessels. The
number could rise substantially and rapidly in the coming years with at least some
of the current fleet being retrofitted with
sail rigs to cut carbon emissions during the
transition to zero-carbon operations.
Simon Rogers of Windship, who began
his career as a racing yacht designer, said
“Over typical transoceanic trade routes
[Windship tested three major routes] the
Windship Technology system saves two
thirds of the fuel used and hence costs,
whilst emitting zero CO2.”
Discussions with shipyards are already
under way with two yards rumoured to be
in the running to win contracts. It is thought
that the UK’s Cammell Laird is one of the
yards interested, which could see a significant return of shipbuilding to the UK. The
second yard thought to be bidding for contracts is a Turkish facility.
Rogers’ Windship design includes a series of innovations which has appealed to a
number of owners. While the vessel’s propulsion will be through a single shaft using
a direct electrical drive, the source of diesel
electric power is four 2-MW gensets.
The gensets are mounted on a flat rack
and can be unloaded from the vessel for
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overhaul or replacement through a side
panel in the hull, rather than building the
ship around a large-scale two-stroke engine.
Power generation produced in this way
means that gensets can operate at constant
speed, at their optimum efficiency. They
can also be used as and when needed,
aligned with a ship’s specific power requirements at any one time.
Moreover, a waste heat recovery system will use heat from the exhaust, which
can reach 350°C, to create steam, driving a
turbine to generate more energy. The CCS
system will add to the waste heat with the
calcium oxide reaction boosting the heat in
the exhaust to 500°C offering substantial
power generation for the ship.
According to Sweeney, the Windship
design, over a standard voyage, derives one
third of its motive power from the sail rigs,
one sixth from solar energy, one sixth from
the recast system, and one third from electricity generated through the diesel-electric
system. However, the Windship Kamsarmax will burn only eight tonnes of fuel a
day, compared with the 20 tonnes typically
required by a comparable conventional vessel design and size.
In CCS operations, the system requires
four tonnes of lime, calcium oxide, per
tonne of fuel and the system captures three
tonnes of carbon dioxide in the process.
If some calcium oxide is dropped into the
ocean, however, it can capture 1.3 tonnes
of CO2 from the atmosphere per tonne of
lime, according to Rogers, which offers the
possibility of making the system carbon
negative.
“The question is how much calcium oxide do you want to go into exhaust dosing?
You capture more carbon by putting it into
the ocean, but you get less energy from the
heat recovery system,” explained Rogers.
Effectively, the Windship design will
have a smaller engine room, which compensates for the extra space needed for
calcium oxide. The amount of fuel and
calcium oxide required will be comparable
with the HFO requirements for a standard
Kamsarmax.
Design innovations also allow the vessel to meet Safe Return To Port regulations.
Power would still be available from the
electric main shaft motor in the event of an
accident and it is under water.
Additional capital expenditure for
a Windship vessel is likely to be around
USD 6 to 8 million, comparable with an
LNG-powered vessel, but the projected
savings with carbon trading at USD 75/
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tonne are more than USD 2 million a year,
with eight tonnes of fuel consumed per day
fully loaded and six tonnes per day in ballast. This will depend on routes the ships
take, which will create drag, this being in
line with conventional ships.
Overall, the return on the extra investment cost would be repaid within three
years according to Windship calculations,
without any carbon costs. “If there is carbon trading or a carbon pricing mechanism, which seems likely within the next
four years, our design will be considerably
cheaper to run,” claimed Rogers, “and it is
this expectation that is driving our prospective buyers.”
Meanwhile, for retrofits, Rogers explained that for a large two-stroke engine,
specific fuel consumption would increase
as power requirements drop. As a result, any
retrofitted vessel would not benefit from
the diesel-electric and CCS element of the
Windship design. However, fuel consumption would still be reduced, generating a
significantly lower return on investment at
current fuel prices. The figure is dependent
on a ship’s trading pattern, but fuel requirements could fall by more than 30%.
Windship recognises that there are options around different fuel sources available
and that there are likely to be further choices as new fuels become available. “But the
concern for shipowners is how will the legislation treat them over the coming years.
Will they in turn be legislated against?”
It is a calculation that the prospective
buyers of the Windship system have already made. They believe that by becoming early movers in the decarbonisation
of the Kamsarmax sector they will have a
competitive advantage, both because customers will want to show how their supply
chains are environmentally friendly, and
with developing technologies they will be
able to measure their emissions accurately.
With the introduction of carbon charges,
which some now believe to be inevitable
and likely to be sooner, the costs could be
far lower.
Rogers believes that the timing for the
Windship design is perfect with the market conditions, political understanding and
technological requirements all becoming
aligned at the right moment.
“With newbuild shipping we can unlock
the full potential of the rigs. The amount of
fuel and emission savings will depend on
the vessel route and the amount of solar installed, but savings of 70% over an existing
ship can be expected.”
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