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Aquarius MRE: zero emissions propulsion
and power for ships
Greg Atkinson details the ongoing development of Eco Marine Power’s
unique rigid sail and solar power solution

W

orld shipping, along with other
sectors of the global economy,
is faced with the challenge
of moving towards a zero emissions and
decarbonised future. Although neither
of these terms are perhaps well defined
at the moment, what we do know is that
there is increasing pressure on shipping
to adopt measures and technologies that
will significantly reduce its greenhouse gas
(GHG) emissions and carbon intensity.
During the last few years this has triggered a
surge of interest in a range of fuel saving and
emission reduction technologies including
sail-based solutions and solar power, both
of which have the potential to provide ships
with a supplementary source of propulsion
and power without the release of GHG
and harmful airborne emissions including
particulate matter.
In Japan, a project led by Eco Marine
Power was started in 2010 to investigate and
then develop a fully-automated rigid sail
and solar power solution for use on ships.
This solution is known as Aquarius Marine
Renewable Energy (Aquarius MRE).
Aquarius MRE is not however simply a
wind-assisted or sail-assisted propulsion
system, but rather comprised of a range of
technologies incorporating rigid sails, solar
power, energy storage, computer-based
automation and management systems,
and an input/output communications
architecture. It is primarily a fuel and
emissions reduction solution and is designed
to work with existing and future propulsion
technologies, including hydrogen fuel cells.
A key feature of the solution is the
patented EnergySail; a computer-controlled
rigid sail device designed to act as a form of
supplementary propulsion for ocean-going
powered ships. Earlier types of rigid sails were
previously fitted to a number of Japanese
vessels during the 1980’s and fuel savings of
up to 30% were reported under favourable
conditions. So there is no doubt that the
use of rigid sails can lead to significant fuel
consumption and emission reductions.
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Figure 1. Overview
of the Aquarius
MRE main system
elements and an
impression of the
Aquarius Eco Ship

However, these earlier sail systems had a
number of shortcomings and therefore,
during the design of the EnergySail, Eco
Marine Power has worked with strategic
partners to resolve these shortcomings and
incorporate a number of new and innovative
features. Important insights have also been
gained from working with Teramoto
Iron Works, a Japanese company based
in Onomichi that was involved with the
production of rigid sails in the 1980’s.
Each EnergySail is automatically raised,
lowered and positioned via the EnergySail
Automated Control System (ACS) although
they can also be manipulated by the
crew through the use of remote and local
control units. This control system uses the
class-approved KEI-64S marine computer

with a 1.33GHz dual core processor and
the same computer hardware is now also
utilised for the Aquarius Management and
Automation System (MAS). This second
computer system manages the solar power
sub-system and can also perform a range of
other functions including fuel consumption
monitoring, emissions calculations,
condition-based monitoring and data
logging. In addition, various sensors, devices
and equipment communication interfaces
can be integrated into the Aquarius MRE
system architecture via an input/output
link system. Numerous communications
protocols are supported including NMEA,
MODBUS, CANBUS and RS-232C.
Connections to the ship’s LAN are also
possible via Ethernet ports.

Figure 2. Lab testing of the EnergySail
Automated Control System (ACS)

Figure 3. CFD study of airflow around
multiple rigid sails
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Figure 4. PV
modules
undergoing longterm evaluation at
the Onomichi MTTC

In many ways the automation and control
functions for the EnergySail have been
the most important and difficult area of
development and the EnergySail ACS, along
with the Aquarius MAS, have involved a
joint development effort over several years
between KEI System based in Osaka, Japan,
and Eco Marine Power.
The EnergySail’s themselves are designed
to be upgradeable, easy to maintain and
robust. Several patented storage options
have also been developed and these enable
the sails to withstand wind speeds in excess
of 50m/s when lowered and protect the sails

from being damaged. Numerous unique
safety features have also been incorporated
into the design both in terms of hardware
and software, so that they do not present a
risk to the crew or to the ship.
It is envisaged that several EnergySails
each up to 15m high would be used on
a ship and on a large tanker or bulker 14
sails or more could be installed. Research
using computational fluid dynamics (CFD)
based simulations have shown that such
an arrangement of sails with a total area of
2
1,400m could provide a significant amount
of propulsive power even in relatively light

Figure 5. Comparison of storage battery installations (Source: Furukawa Battery)
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wind conditions and that this power could
be increased by optimising the positions of
the sails (Atkinson, 2019). Further analysis
has indicated that over the course of a
voyage lasting around two weeks a similar
arrangement of sails could provide up to
7.7% of the required propulsive power for a
Post-Panamax sized vessel. This modelling
took into account variable ship speeds
and wind conditions and included days
when the sails were not used. Under ideal
conditions with the ship travelling at low
speeds this figure could be as high as 47%
(Atkinson, 2020).
Of course much larger rigid sails (i.e. 20m
or higher) have the potential to provide
more propulsive power under favourable
conditions; however they also present a
number of risks and operational challenges
related to their size. On certain routes and
for certain types of ships though, very large
sails may be feasible.
Another source of emissions-free power
can be derived from photovoltaic (PV)
modules fitted as arrays mounted on a ship
and/or by embedding lightweight flexible
PV modules onto the EnergySails. These
along with Maximum Power Point Tracking
(MPPT) charge controllers, batteries & the
Aquarius MAS form the core of the marinesolar power sub-system.
Eco Marine Power has spent more than
five years researching the use of solar power
on ships and although this may at first
appear to be a straightforward proposition,
there are, in reality, many potential problems
and pitfalls. One significant issue that
can be encountered is the quality of the
specialised marine-grade PV modules that
are necessary for ship related projects. These
modules are often suitable for recreational
vessels but they can begin to show signs of
deterioration after a few years when exposed
constantly to harsh marine conditions.
Bearing this in mind no final decision has
been made as yet regarding what type of
PV modules will be fitted to the EnergySails
and ongoing testing and evaluation of
PV modules is being conducted at the
Onomichi Marine Technology Test Centre
(MTTC) in Hiroshima Prefecture, Japan.
A complete marine-solar power solution
was recently installed on a large general
cargo ship and in addition to providing
this ship with a source of emissions free
power, the Aquarius MAS also monitors
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and logs fuel consumption and calculates
vessel emissions (CO2 and SOx). It is worth
noting that the equipment required for this
solution was delivered as installation kits
and fitted entirely by the crew without any
impact on the vessel’s operation.
For energy storage, valve regulated
lead-acid (VRLA) batteries are used due
to their proven reliability, safety, cost
effectiveness, recyclability, ease of installation
and low maintenance requirements. It is a
common misconception that in regards to
battery development only advancements in
technologies such as lithium-ion (Li-Ion)
have been made, whereas in reality there
have been significant improvements in
regards to VRLA battery technologies
as well.
For example, the ClassNK approved FCR
series batteries from Furukawa Battery
of Japan have a cycle-life comparable to
lithium-ion batteries and can be used for
renewable energy applications and also for
other uses including emergency-back up
batteries and for starting rescue boat engines.
Recently, the first set of FCR batteries were
supplied to a ship to take the place of older
battery types that were previously being
replaced every two to four years.
Another common misconception is
that VLRA battery installations require
considerably more space than a similar
capacity solution using lithium-ion
batteries. Generally speaking, lithium-ion
batteries do have a higher energy density;
however other equipment often needs to be
installed along with the batteries including
protection circuitry. As a result, the space
needed for a complete Li-Ion battery
system can be similar to that required for
a VRLA based solution.
A range of VRLA batteries are also
available in addition to the FCR series

Figure 6. EnergySail test and demonstration
unit in Onomichi, Japan

including the hybrid UltraBattery® and
FCP series. These high quality marinegrade batteries can be installed in a
variety of locations on a ship, including
specially designed deck-mounted
modules or containers.
Overall good progress has been made
in getting Aquarius MRE ready for
commercial release, notwithstanding some
of the setbacks that are often experienced
during the development of a new and
complex system. Differing guidelines
from several classification societies have
also complicated setting the baseline
specifications, but this issue is gradually
being resolved. Nonetheless all of the
various sub-systems have now being
tested and an operational EnergySail has
been installed at the Onomichi MTTC for
evaluation and demonstration purposes.
Upgraded versions of this device will be
used for sea trials with the aim to install a
complete system on a ship once approval-inprinciple (AIP) has been obtained.
Figure 7. Airflow
study around
Aquarius Eco
Ship fitted with
EnergySail array
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Several versions of the EnergySail in
terms of aerodynamic profiles, sizes and
operability are also being developed with
a view to adapting this technology for use
with autonomous surface vessels (ASV)
and special variants for cruise ships and
roll-on/off (RoRo) vessels. It may also
be possible to adapt various sub-systems
for other applications such as offshore
power and land-based renewable energy
projects and these possibilities are
currently being explored.
Work is also continuing on the Aquarius
Eco Ship project, a comprehensive design
study focused on optimising the designs
of large ocean-going ships including
bulk carriers, tankers, ro-ro vessels and
cruise ships, so that these vessels can best
utilise Aquarius MRE and other emissions
reduction and alternative propulsion
technologies. NA
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