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Wind Propulsion:

A Breath of Fresh Air
in the Delivery of Zero
Emissions Vessels
This article suggests wind propulsion as a driver to achieve zero emission shipping
vessels and reduce the global shipping industry’s carbon footprint.
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The International Maritime Organisation (IMO) has issued
a challenge to decarbonize the shipping industry by
reducing greenhouse gas (GHG) emissions by at least 50%
overall and 70% in carbon intensity by 2050, based on a
2008 baseline.1 The global shipping industry has always
been viewed as a hard-to-abate sector and total GHG emissions from the sector are between 2–3% of world emissions
(equivalent to that of Germany). That share of total
emissions is forecast to rise signiﬁcantly if no action is taken,
especially as land-based emissions reduce sharply and trade
volumes continue to grow.
Zero emission vessels (ZEVs) will be very important in
achieving that goal, with nearly 2,000 new vessels coming
into a ﬂeet of 50,000 or more large commercial vessels
every year. The retroﬁtting of existing vessels to lower their
carbon footprint substantially will be crucial as well. To
achieve vessels that are carbon neutral, carbon (and other air
emissions) zero or fully zero emissions vessels (no emissions
to air or water) over their full life cycle, direct wind propulsion should be considered in order to deliver sharp, deep
and timely cuts in emissions.
Figure 1 outlines the two ways that wind energy can be
used to move a ship; indirectly through the production,
transport and combustion of eco-fuel or the far more efﬁcient direct route of capturing and using the energy on the
ship itself. Wind propulsion includes everything from rigid
sails, to kites, ﬂettner rotors, and traditional soft sail rigs.
Many of these systems are not new, but they are being
rethought and installed commercially, with currently 10
large vessel installations covering the tanker, bulker,
ferry/cruise, roll-on/roll-off (RoRo) and general cargo
segments, with a pipeline of installations that will likely
double that before the end of next year (see Figure 2).2

Wind Propulsion as Part of a
Hybrid Solution: W.A.V.E.
If wind propulsion systems are assessed with the standard
framework, using motor vessel parameters, retroﬁt systems are
shown to deliver 5–20% of the propulsive energy required by
the ship, averaged over a year, with the potential to increase to
30%. This percentage increases substantially for a primary
wind vessel, optimised to maximize wind potential, using technology that is readily available or in late-stage development.3
If these optimised vessels are operated on good wind routes,
utilising weather routing software, then wind could provide up
to 80% of the total energy requirement for certain segments
of shipping. Figure 1 clearly shows that wind propulsion technology solutions require no new infrastructure, and the energy
is delivered directly to the vessel at its point of use for free, for
the lifetime of that vessel. Just with these numbers we can see
that the ﬂeet wide adoption of wind propulsion solutions, both
retroﬁt and new build, would dramatically reduce fuel requirements in the shipping industry. However, if we combine these
with other operational changes and energy efﬁciency measures
we can create a hybrid W.A.V.E. (Wind + Activity + Vessel +
Eco-Fuel combination) as shown in Table 1, shifting the paradigm away from a one-size-ﬁts-all model.
In the model shown in Table 1, the wind propulsion component is averaged out across the ﬂeet, delivering 20–30% of the
energy requirement for vessels by 2050, along with substantial
savings gained through operational changes and vessel optimisation. Eco fuels or “secondary renewables” would then only
account for up to 40% of the propulsive energy required, reducing the size and cost of those alternative fuel systems and
substantially reducing the costs to ship operators of alternative
low-carbon or zero emission fuels. The cost of alternative fuels
will be especially challenging during their initial rollout when the
unit price is predicted to be substantially higher than fossil fuels.4

Figure 1. Direct wind propulsion (primary renewable vs. secondary renewable).
Source: Herbert Blumel, Becker Marine Systems.
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Figure 2. Example installations: (left) Maersk Pelican, 109,000dwt LR2 Tanker (2 x 30m
Norsepower Rotors); (center) MV Ankie, 3,600 dwt (2 x 10m collapsible Econowind Ventifoil
Suction Wings); and (right) MV Afros, 64,000dwt Geared Bulker (4 x movable Anemoi Rotors).
Source: International Windship Association.

The Challenges of Decarbonizing Shipping
The UK Clean Maritime Plan released in July 2019, forecasts
wind propulsion to be a £2 billion per year market in the
2050s, or 20% of the maritime propulsor market, with alternative fuels making up the other 80%. Importantly, once a
wind propulsion system is installed it will deliver effectively
free fuel for the next 20 or more years, the lifetime of most
vessels.5
Most alternative low-carbon zero emission fuels being considered (e.g., ammonia, hydrogen, biofuels, batteries, and a
raft of other e-fuels such as synthetic power-to-liquid or
power-to-gas fuels), have signiﬁcant challenges to their installation quickly and at scale. These challenges include:

1. Cost: most fuel systems have high capital expense
(CAPEX) and at least in the foreseeable future
signiﬁcantly higher operating expense (OPEX) too.
2. Storage: the energy density of many of the alternative
fuels is signiﬁcantly lower than current fossil
fuel options; therefore, additional storage space for those
tanks is required on vessels, which of course
reduces cargo capacity.
3. Supply: availability of the feedstock is an issue when it
comes to biofuels and the large-scale deployment of renewable energy resources is required for the production
of e-fuels. Diffusion of bunker supply (fuel distribution) of

Table 1. Hybrid W.A.V.E. approach to decarbonisation.
Source: International Windship Association.
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Figure 3. Primary Wind Designs: (left) Neoliner 136m Roro, (center) Silenseas 210m Cruise vessel
(Chantiers de l’Atlantique), and (right) Vindskip Car Carrier Design.
Source: International Windship Association.

these alternative fuels also poses a concern, with a substantial period required to reach maturity and global coverage. A good example is the relatively slow roll out of
liquiﬁed natural gas (LNG) bunkering worldwide over the
last decade.
4. Volatility: All fuel markets are prone to volatility due to
market and non-market forces. Strong demand for these
eco-fuels from land-based users as well as the air transport industry will increase volatility.
5. Infrastructure: the delivery of alternative fuels requires
the upgrade or deployment of new systems of production, reﬁning, storage, transport, and bunkering. Much of
this cost is externalized. A recent Lloyds Register and the
University Maritime Advisory Services (UMAS) report
stated that 87% of the $1.4 trillion required for decarbonizing shipping will be land-based costs.6-8

carbon options, wind can serve as the primary system of
propulsion if some operational compromises are made in
speed and routing. Auxiliary engines or motors fuelled by
green hydrogen, ammonia of other e-fuels generated with
clean renewable energy are possible, as are batteries, but
only if these are limited in size and cost is not a consideration. An option is to spread those costs across the lifetime of
the vessel transferring the initial higher capital expenditure
to an operational expenditure derived repayment system, a
form of pay-as-you-save ﬁnancing model.9

Delivering Zero Emissions Vessels

So, in general terms, the inclusion of wind propulsion in the
ZEV/decarbonization pathways reduces fuel dependency
overall. However, rethinking the current industry paradigm
can engender further beneﬁts. IMO is discussing speed limits or mandated restrictions of power on vessels as one of
the short-term decarbonization measures. Both approaches
have the potential to greatly increase the impact of wind
propulsion, with primary wind vessel designs that can deliver
60%, 70%, 80%+ propulsion in the 10–12 knot speed
range. Wind propulsion systems can also extend a ship’s
range, enabling vessels to take longer routes using less fuel
on one hand, but also enabling operators to more regularly
bunker at major supply hubs where alternative fuels will be
more readily available and cheaper, especially in the early
stages of development. This will help break a “chicken and
egg” issue that plagued the initial roll out of LNG.10

Can large ocean-going, zero-emission vessels be built today?
If these are carbon neutral vessels, then yes, we can achieve
this by building primary wind vessels with auxiliary engines
burning a second-generation biofuel derived from waste for
example (see Figure 3). In terms of the zero emission/zero

One natural drawback of wind propulsion is that at times a
huge amount of energy is delivered to the vessel that cannot
be harvested, and then on other days, little or no wind exists. Just as offshore wind farm designers are looking at ways

Reducing the fuel requirement by 60–80% as shown in
Table 1, will also solve or signiﬁcantly reduce many of
these barriers to the adoption of low- or zero-carbon fuels
especially in the initial stages, also assisting in the diffusion
and uptake of these systems earlier and more widely in the
market.

In general terms, the inclusion of wind propulsion in the
ZEV/decarbonization pathways reduces fuel dependency
overall.

em • The Magazine for Environmental Managers • A&WMA • September 2020

Wind Propulsion by Gavin Allwright

Figure 4. Onboard fuel generation: (left) Wind Hunter (Japan), (center) Bound4Blue (Spain), and
(right) Blue Technology (Denmark).
to capture and store this additional energy, so are a number
of wind propulsion projects. Options include hull generators,
feathered propellers and turbines that turn that wind energy
into e-fuel onboard the vessels for later use. Such options
could allow vessels to become independent of bunkering, or
even possibly provide an additional revenue stream if the energy is ofﬂoaded at port.

Conclusion

A note of caution is appropriate. As the industry races to
adopt sophisticated, high-tech, and expensive ZEV systems,
many developing-world countries will struggle to adopt these
approaches. With these countries excluded and locked into
another fossil fuel cycle, a two-tier industry could be created.
This second tier would likely encompass developing country
domestic ﬂeets with millions of small vessels
that are aging and primarily used in ﬁsheries, on which tens
of millions of people depend. Creation of a two-tier industry
is likely to become ever more contentious at an IMO level,
and could become a signiﬁcant obstacle to ZEV development. Wind propulsion is the only currently available techni-

A hybrid approach, with a signiﬁcant wind component can
create a robust low-carbon pathway, which helps to facilitate
the uptake of alternative low-carbon and zero-carbon fuels
faster and at a lower cost for ship operators. This can help to
overcome many of the market entry and scaling issues faced
by a 100% renewable energy plus ship efﬁciency eco-fuel
approach. The further step of onboard generation of fuel has
an added potential to be a game changer in and of itself.
Retroﬁtting the existing ﬂeet with wind propulsion systems
also extends the carbon budget available to the industry,
creating some added breathing space for the introduction
and scaling of alternative fuel supply systems. Where the
wind blows, we need to follow. em

cal solution that can immediately reduce fossil fuel dependency and generate a more ﬂexible hybrid approach that reduces the reliance on any single source of energy and opens
the door for smaller, more affordable low-carbon fuel systems to be adopted.11

Gavin Allwright is Secretary of the International Windship Association (IWSA) “Promoting Maritime Wind Propulsion Solutions”.
E-mail: secretary@wind-ship.org.
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