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Balmoral has  launched  its   
HexDefence, a product designed 
for jacket foundations.  This globally 
patented product is designed 
to significantly mitigate jacket 
foundation scouring around fixed 
wind turbines. 

This revolutionary solution not only 
marks a leap forward in offshore 
wind technology but also promises 
substantial cost savings and 
environmental benefits.

Building upon the success of the 
HexDefence development work 
used for monopile structures, 
which integrated seabed protection 
and flow reduction to minimise 
operational costs and prevent 
cable failure, Balmoral's latest 
innovation specifically targets 
jacket turbine foundations. The 
HexDefence jacket system aims to 
eliminate or dramatically reduce 
the need for traditional and 
resource-intensive scour protection 
methods, such as rock dumping 
with additional benefits of being 
installed at quayside, eliminating 
the requirement for additional 
installation vessels and ensuring 
the scour protection is active from 
point of foundation installation.

Dr. Aneel Gill, Product R&D 
Manager at Balmoral, said: "The 
jacket version of HexDefence 
represents a significant step 
forward for scour protection, 
offering highly cost-effective 
performance enhancement across 
installation, management, and 
maintenance. This proprietary 
system eliminates the requirement 
to dump rock, providing a non-

invasive approach to protecting the jacket foundation and 
the immediate surrounding area."

In March of this year, Balmoral successfully developed 
the original HexDefence system, receiving positive 
feedback from leading wind farm developers and industry 
bodies. The subsequent adaptation to a jacket version 
demonstrates Balmoral's commitment to addressing the 
specific needs of jacket turbine foundations.

One of the key advantages of the HexDefence system is 
its potential to revive abandoned projects and locations 
deemed unviable due to the sheer amount and size of 
rock required for scour protection. The latest analysis 
indicates that this innovative solution could render 
expensive and carbon-intensive practices obsolete, 
making previously financially unfeasible projects viable 
again.

INSTALLATION
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Insulation Resistance

Subsea TDR

Optical TDR

Sensor Monitor

C-Kore automates the entire testing process, 

achieving significant cost savings. It’s safe for use 

on all subsea infrastructure, giving you better 

data much faster without extra personnel. 

Now with 
Optical TDR

Oceaneering Australia has secured an 
Inspection, Maintenance, and Repair 
(IMR) and Survey contract from a 
major Australian energy company.  

Oceaneering will mobilise in mid-
November to carry out IMR and 
survey work scopes that include 
the provision of remotely operated 
vehicle (ROV) and survey personnel 
and equipment, subsea inspection, 
onshore project management 
and engineering, data processing 
and associated deliverables, 
photogrammetry, and onshore 
ROV video streaming for remote 
inspections. The offshore work 
scope is expected to take 15 days to 
complete. 

Jason Hughes, Director of Offshore 
Projects Group, Asia Pacific 

(APAC), Oceaneering, said: “This 
contract marks a new milestone for 
Oceaneering as it is our first survey 
scope in Australia, and it complements 
our Inspection, Maintenance, and 

Repair capabilities in region. 
We are delighted to have the 
confidence of our customer to 
carry out this work scope to help 
extend the life of their assets.” 

OCEANEERING IMR/SURVEY 

Oceaneering Australia IMR and Survey contract
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Allseas has inaugurated the 
Sandpiper, its new barge for 
shallow water offshore construction 
activities.

Sandpiper  is equipped with a 
10-point mooring system, pipelay 
equipment suitable for laying pipe 
up to of 60ins in diameter and a 
piggyback firing line for 6.50 in 
diameter pipe.

Sandpiper  is also fitted with a davit 
system that enables her to perform 
‘mid-line’ tie-ins and a 800 t crane 
for construction work.

The vessel has an overall length 
of 170 m, or 120 m between 

perpendiculars. It has a breadth of 
31.7 m and the depth to main deck 
is 9 m. It has accommodation for 214 
people.

At one end is the deck crane, a 
Huisman 800 tons offshore mass 
train with a minimum working radius 
of 8.5 m as a maximum radius of 
52m.

Along the vessel, there are four 
welding stations, and NDT stations 
and three coaching stations. It 
has a total cargo capacity of 12.5 
tons per metre squared. It cannot 
accommodate pipelines from 8 to 60 
inches including coating and it has a 
clear deck space Around 1000 m².

Boskalis has signed a contract with 
Dutch shipbuilding company Royal 
IHC to build a large trailing suction 
hopper dredger. The vessel will 
have a hopper capacity of 31,000 
m3 and will be built at the IHC 
yard in Krimpen aan den IJssel, the 
Netherlands, over the next few 
years.

The new vessel will be one of the 
largest trailing suction hopper 
dredgers in the Boskalis fleet. 
Noteworthy features of the energy-
efficient vessel design include 

BOSKALIS NEW 
TRAILING SUCTION 
HOPPER DREDGER

SANDPIPER

Ultra‐low  
density high 
performance 
syntactic foams
Meeting the need for enhanced manoeuvrability on 
ROV/AUV/HOV/XLUUVs Balmoral offers a range of 
ultra‐low density syntactic foams  
The materials operate at depths of 2000‐7000msw 
boasting excellent water ingress resistance, negligible 
long‐term buoyancy loss and impressive mechanical 
properties.  
For ROV/AUV purposes the materials are supplied 
either in slab or customised form using aerospace 
grade bonding materials.  
Contact our experts or visit our website for further 
information.  
surety@balmoral.co.uk

Innovative BUOYANCY, PROTECTION and INSULATION 
product solutions for the OFFSHORE ENERGY sector

Join us on 
booth E22
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BALMORAL

the full diesel-electric installation 
and propulsion via Azipods. These 
technological innovations, combined 
with the optimized underwater hull 
design and an advanced automation 
system, will contribute to a 
significantly lower fuel consumption.

The vessel is also being prepared for 
the use of (green) methanol as an 
alternative fuel. The methanol plant 
and storage tanks on board make this 
switch possible. Furthermore, the 
dual fuel main engines are equipped 
with two-stage turbos and can be 
powered by both conventional fuels 
and more sustainable alternatives 
such as biodiesel and methanol, 
providing for a substantial reduction 
of CO2 emissions.

With a double suction pipe equipped 
with underwater pumps and two 
discharge pumps with a combined 
discharge capacity of 15,000 kW, 

the new trailing suction hopper 
dredger is well suited to dredging 
material and discharge this over 
long distances to a reclamation site. 
This powerful performance also 

contributes to increased efficiency of 
the dredging process.

The new vessel is expected to enter 
service in mid-2026. 

Artist’s impression of the new Boskalis trailing suction hopper dredger

Ultra‐low  
density high 
performance 
syntactic foams
Meeting the need for enhanced manoeuvrability on 
ROV/AUV/HOV/XLUUVs Balmoral offers a range of 
ultra‐low density syntactic foams  
The materials operate at depths of 2000‐7000msw 
boasting excellent water ingress resistance, negligible 
long‐term buoyancy loss and impressive mechanical 
properties.  
For ROV/AUV purposes the materials are supplied 
either in slab or customised form using aerospace 
grade bonding materials.  
Contact our experts or visit our website for further 
information.  
surety@balmoral.co.uk

Innovative BUOYANCY, PROTECTION and INSULATION 
product solutions for the OFFSHORE ENERGY sector
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TenneT, in collaboration with 
contractor Equans/Smulders, has 
installed several artificial reefs near 
the offshore transformer platform 
Hollandse Kust (west Alpha) to gain 
further knowledge about nature-
inclusive construction. 

This offshore transformer platform 
will connect the Ecowende 
consortium  (Shell/Eneco) wind 
farm to the high voltage  grid. 
The aim is to build this wind farm 
with a healthy ecosystem and as 
little impact on nature as possible. 
The artificial reefs are part of a 
series of ecological measures by 
TenneT to monitor and encourage 
underwater life around offshore 
wind farms.

By 2050, energy production must 
be completely climate-neutral and 
one of the main pillars to achieve 
this goal is offshore wind energy. 
All this infrastructure, however,may 
have an impact on the ecology of 
the North Sea. 

To find out which form works 
best, two types of artificial reefs 
have been placed near the 
Hollandse Kust west alpha jacket, 
located about 50 km off the 
coast of Egmond aan Zee. Earlier, 
similar structures were placed at 
Hollandse Kust north. 

Six reef cubes were attached to one 
frame. These were hollow square 
blocks made of nature-friendly 
recycled material with round holes 
in the walls. 

On the other steel frame were six 
reef balls, a similar structure but in 
the shape of a ball. 

"These artificial reef structures are 
meant to stimulate marine life," 
said Annemiek Hermans, marine 
biologist, and advisor to TenneT on 
nature-inclusive construction at se.

 With these, we hope to create 
potential spots where coral 

and algae  can settle. 

Earlier research shows that fish, crabs 
and lobsters like to visit these spots 
for shelter and to look for food." 

The aim of the trial is to investigate 
which shape - ball or cube - works 
best in the waters off our coast. The 
hollows provide protection for young 
fish, but are also meant to increase 
the structure's bonding surface.

In this way, Tennet hope to provide 
a suitable place for numerous other 
animal and plant species in addition 
to juvenile fish, crabs and lobsters."

Hermans expects that it takes up 
to three years to see clearly visible 
differences. "Until then, we monitor 
annually whether the diversity of life 
forms around the artificial reefs and 
fish hotels increases. Fish lose scales 
and cells, for example, and faeces 
also end up in the water. By reading 
DNA in water samples, you can find 
out pretty quickly which guests have 
checked in."

INSTALLATION
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With some estimates putting the cost 
of subsea cable failure for offshore 
wind at more than £500 million in 
2020, the average insurance claim 
worth more than £3 million, and 
an estimated 30% failure rate in 
any given year, the International 
Marine Contractors Association 
(IMCA) has released a new Code of 
Practice to improve the installation of 
underwater cables in offshore wind.

The Code of Practice for Offshore 
Cable Laying in the Renewable Energy 
Industry (IMCA M264) addresses 
issues for the safe laying and 
terminating of offshore power cables 
to prevent damage, a significant 
challenge for offshore wind where 
rates of failure result in millions 
worth of loss to everyone involved 
in delivery – including contractors, 
developers, and insurers.

At the point at which cables leave the 
laying vessel and meet the seabed, 
they are frequently subject to damage 
caused by over-bending, cable-pulling, 
and inadequate design of lead into 
the monopile.
 
In addressing issues such as the 
laying spread – the combined set of 

A NEW CODE OF PRACTICE COULD SAVE MILLIONS BY 
PREVENTING SUBSEA CABLE FAILURE

systems required for the installation 
of the cable – as well as the interface 
between the vessel and the spread, 
and the safest methodology for 
overboarding, trenching and cable 
pulling, the IMCA Code of Practice 
establishes a new baseline for 
safely laying offshore submarine 
power cables which will significantly 
improve performance.
  
Mark Ford, Marine & Quality 
Manager of IMCA, said: “Contractors 
have come together to share their 
experiences around the design, 
testing, operation and maintenance 
of cable laying, the specialised 
equipment and technology used, and 
how it interfaces with supporting 
vessels. Decades of experience 
gained through the installation of 
thousands of kilometres of offshore 
cables have helped us find tangible 
solutions for the industry.

IMCA Members can download the 
Code of Practice for Offshore Cable 
Laying in the Renewable Energy 
Industry (IMCA M264) at the IMCA 
website: https://www.imca-int.com/
product/imca-code-of-practice-
for-offshore-cable-laying-in-the-
renewable-energy-industry/ 

IMCA
2050-DSS
COMBINEDCOMBINED

SIDE SCAN SONARSIDE SCAN SONAR
& SUB-BOTTOM  & SUB-BOTTOM  

PROFILERPROFILER

•• Versatile: Tri-Frequency  
  Side Scan to cover a  
  range of applications 
•• Capable: Towfish based   
  CHIRP Sub-bottom profiler to    
  deliver higher resolution data
•• Loaded: Built-in pressure   
  (depth), heave, pitch and   
  roll sensors
•• Flexible: Support for  
  3rd party sensors

NOW 3000m RATED
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A new 50t-capacity electric 
launch and recovery system 
(eLARS) is currently undergoing 
offshore testing in association 
with a large new underwater 
trencher. This is the first eLARS 
of its size anywhere in the world 
and could further open the door 
for non-hydraulic systems to 
support a wider range of vehicle 
sizes and capacities.

Back in 2020, MacArtney 
introduced their novel electric 
Launch and Recovery concept for 
workclass electric ROVs, towed 
vehicles, seabed mining, drilling 
and sampling systems, etc. 

The company reasoned that 
hydraulic systems are sometimes 
incompatible with the new 
generation of clean autonomous 
electric vessels that many 
predict will dominate the 
future offshore and underwater 
workspace. These will benefit 
from compatible eco-friendly 
all-electric mechanical handling 
solutions. 

Even back then at the design 
stage, MacArtney always 
maintained that the eLARS 
concept should not be restricted 
to free-flying ROVs. It should 
be upscalable to launch much 
heavier underwater vehicles 
such as large cable and pipeline 
trenchers that currently service 
the renewables industry.

This ethos resonated with 
Belgian offshore contractor Jan 
De Nul. They envisaged such 
an all-electric package would 
complement their latest vessel 

Symphony in deploying the new 
jetting trencher it had recently 
ordered from Osbit. 

In May 2021, Jan De Nul signed a 
contract for this new eLARS.
"The upscaling work from the 
original WROV always required 
far more than simply taking the 
original version and multiplying 
everything by four," said Head of 
Project Management, Koos van 
der Zee. 

 "In practical terms, we had to 
rent larger premises and access 
sufficient crane capacity just to 
build and test this larger device. 
The set-up included building a 
special tower that was strong 
enough to allow us to lift the 
required test weights.

"The whole project was very 
challenging, but by the start of 
this year, we had delivered the 
completed A-frame to Belgium 
for factory acceptance testing. 
The winch and docking head 
followed, arriving at Jan De Nul's 
facilities by mid-March. The 
completed system is currently 
undergoing offshore trials.

"Typically, this would be placed 
on the aft of the vessel although 
in the Symphony, the position 
of the existing crane meant 
installing the A-Frame on the 
port side with the umbilical 
winch on the starboard, much 
greater mass, the designers 
dispensed with any ability to 
extend the uprights but instead, 
gave them a length of 14m and 
the ability to swing 45deg out 
over the open water. 
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With their high energy density, the 
advantages of hydraulic systems 
are well known, however, the same 
practical results can now be achieved 
by electric systems. This means that 
the drawbacks of hydraulic systems 
can also be eliminated.

Hydraulic systems demand a high 
degree of maintenance to ensure 
that they do not leak. Leakage is 
something inherent in a system 
constantly pressurised to 200bar or 
more with fluids naturally looking 
for paths of least resistance. 
Pressure testing, tracing and fixing 
leaks can be very labour-intensive. 
As part of the maintenance and 
servicing, hydraulic oil needs to be 
periodically replaced and disposed of 
responsibly.

Some items typically require long 
lead times – maybe 10 to 20 weeks. 
This necessitates keeping numerous 
items in stock as a protection against 
downtime. Electrical systems, 
conversely, require a much smaller 
inventory of ubiquitously available 
electrical cables and connectors. 

"In an electrical system, the cost 
of maintenance and keeping the 
system running is probably as much 
as 50% lower than hydraulic systems. 
This often means that they are less 
expensive, so the capital invested in 
stock that is also reduced."

Electrical systems are considerably 
cheaper to install. A typical hydraulic 
LARS would have to be connected 
to the vessel by steel tubes or hoses 
hard-routed through the metal body, 
while electrical system use flexible 
and easily routable wire.

H Y D R A U L I C  V S 
E L E C T R I C

INSTALLATION

The docking head on the WROV 
eLARS system was particularly 
sophisticated with the umbilical 
running from the winch, over an 
integral sheave and down through 
the docking head, terminating in a 
bullet. 

The design featured a pair of 
splash-protected electrical motors 
that were able to change the angle 
of the articulated docking head 
itself, effectively moving the ROV 
backwards and forwards in an arc 
to compensate for irregularities 
such as an offset in the centre of 
gravity.

In the new larger eLARS, however, 
the entire crossbar can move, care 
of four electric motors, two each 
side of the sheave. The entire 
docking head can also be rotated 
270 deg to turn the vehicle.

While the WROV e-LARS could 
swing back enough to be accessed 
for maintenance, this would be 

more challenging for the trencher 
eLARS. Instead, the docking head 
incorporates its own gantry to 
provide maintenance access. The 
umbilical from the winch passes over 
the main sheave and terminates in a 
bullet. In doing so, it passes through 
a plate that incorporates a locking 
mechanism. The umbilical can only 
move if the latch is opened.

The delivery of the compete 
eLARS solution also included a 20ft 
container comprising advanced PLC 
technology allowing full remote 
control of the system. The inclusion 
of automation features enables 
remote operation of the LARS, 
whether from the crew on deck or 
even from a land-based location. 

"This capability opens up the 
potential for transitioning to a one-
person handling setup. Additionally, 
it facilitates future upgrades, 
enhancing cost-effectiveness, 
adaptability and durability, " said van 
der Zee. 

13

•	 Locate	and	track	cables

•	 Find	faults	and	breaks				

•	 Use	on	land	&	underwater

•	 Audio	and	Visual	output

•	 Commercial	construction

•	 Easy	to	read	display

•	 Calculate	burial	depth

•	 Starting	at	$15,995

JW	Fishers	Mfg.,	Inc

(800)822-4744

(508)822-7330	

Email:	info@jwfishers.com

www.jwfishers.com

Save	time	and	money	
locating	subsea	cables 
with a JW Fishers CT-1 Cable Tracker.

Royal IHC has secured a contract to supply 
US-based Caldwell Marine International 
(CMI), with a new build ‘Amphibious Hi-
Traq Jetter’.

This state-of-the-art subsea tracked 
trenching vehicle is the first of its type to 
be owned and operated by a specialist US 
cable installation contractor and will be a 
key tool in the arsenal of equipment that 
CMI employs.

The scope of this contract award includes 
the new Royal IHC Amphibious Hi-Traq 
Jetter vehicle with eductor system, 
combined power & control cabin upgraded 
with latest SCADA system, power / control 
umbilical and a special purpose umbilical 
reeler. 

Royal IHC Ltd will be working in 
partnership with its international suppliers 
to provide fabrication, assembly, and final 
testing in Blyth, UK, along with ongoing 
servicing, training, and spares support.

AMPHIBIOUS HI-TRAQ JETTER

Amphibious Hi-Traq Jetter
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S Jason Gillham, Chief Technology Officer at 

Impossible Metals said that earlier this year, the 
company successfully demonstrated its Eureka 
1 autonomous underwater vehicle (AUV) as 
the first step on the road map to developing a 
full-scale, artificially intelligent deepsea mineral 
harvesting system.

“Seabed harvesting is environmentally 
sensitive," said Gillham. "While there is always 
going to an impact of some kind to the seaflor 
during nodule recovery, our goal is to minimise 
the impact and maintain habitat function.". 

"Rather than indiscriminately scooping 
nodules from the seabed, the Eureka system   
is designed to selectively harvest  them,  for 
minimal seabed disturbance."

"At the centre of the project is a novel 
autonomous vehicle. This has required 
development of three  key technologies.

The first is the variable buoyancy engine. This 
allows the  autonomous underwater vehicle 
to passively hover over the seafloor and 
importantly, the vehicle does not land on the 
seafloor.

 Some alternative  hovering systems use 
downward-pointing thrusters however, these 
may fluidise the seabed. The Eureka system has 
a variable buoyancy engine that can keep the 
vehicle stationary while being incrementally 
loaded with nodules. Once full, the vehicle rises 
to the surface.

EUREKA!

UNDERWATER MINERALS
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The  second technology involves the 
development of fast, robotic arms. 
These pick up nodules, one by one 
at high speed. Similar systems are 
already common on land as part 
of the processing industry. These, 
however, have to be rated for use at 
4–6000m below sea level.

The third component is the   
computer  vision system that 
informs the vehicle where to grab 
the nodules.

 "We have set a timeline in which 
we think we can have this selective 
harvesting technology ready 
soon”, said Gillham. “Eureka 1 was 
really a testing ground and largely 
culminated  earlier this year when 
the technology was proved in a 
programme of winter and spring  
testing in the Great Lakes. 

"The  artificial intelligence can 
successfully recognize nodule 
forms and employed simple colour 
recognition. In order to simulate 
the extraction, the group used 
decorative lava rocks as nodule 
analogues. The nodules   have a 
surprisingly low density so that of 
the lava rocks is similar and they 
have a similar shape variability. 

"These were placed on a sandbox 
table, because the abyssal plane 
in the deep sea floor is quite flat. 
Unlike the sandbox, the deep sea 
has very fine sediment, and this 
difference will be further explored 
as we continue development.

The test involved  two missions, 
one tethered and the other 
tetherless, although  both were 
fully autonomous.

UNDERWATER MINERALS
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The vehicle also had  heading 
pitch and roll control so the 
vehicle could remain stable. It 
could move in a forward direction 
at three centimeters per second. 

"In the tests, sometimes the 
nodules slipped out    on its way 
to the hopper tray but it achieved 
an 88% pick success rate. The  
average time per pick was 6.1 
seconds. 

"So a large portion of the time 
was just traveling the arm from 
the nodule to that collection point 
and then back to the nodules 
again, and this is something that 
we're optimizing for the next 
stage, Eureka 2.  

"Another thing we will be looking 
at are deep sea sediments as 
these may be  tricky to deal with. 
Sometimes they can be sticky and 
we need to know how that would 
interact with their end effectors, 
the claws. Will the sediment 
cling to the nodules and how will 
the  vision system work because 
it needs to be able to see the 
nodules in order to detect them 
and then pick them up." 

Once the collector AUV is full, it 
rises to the surface, empties into a 
vessel and returns to the seabed.  

The speed of the collection cycle 
- picking up the nodules, rising 
to the surface, unloading the 
nodules, and getting back down to 
the seafloor - is a key driver for the 
economics of the Eureka system.

"After we put the vehicle in the water 
and initialised it so it knew its position 
within the nodule field, it was able to 
traverse  autonomously over to the 
nodule field.

"We originally used the tether just for 
monitoring the telemetry feedback, 
including the sensors on the vehicle 
as well as the camera feed so that we 
can see what was happening. We also 
watched it from our user interface 
through the tether and we had a 
separate ROV that was monitoring our 
vehicle.

This was followed by a second mission, 

where it was fully untethered. 
Not having the tether meant that 
there was no live feedback but 
it was possible to  see it in an 
accompanying ROV's camera.

It was still possible to use   radio 
communications from the  surface 
to the vehicle to execute its 
mission. 

In the tests, the vehicle always   
remained at a constant distance 
above the lake bed. Small changes 
in vehicle altitude relative to the 
table were compensated for by the 
motion in the arm. 

EMPOWERING
World leading electric underwater robotics

Saab Seaeye

saabseaeye.com
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CCZ TRIALS
Nauru Ocean Resources Inc (NORI) is a 
wholly owned subsidiary of Metals Company 
(TMC, formerly DeepGreen). The company 
has been focusing on developing seabed 
resources within the Clarion Clipperton Zone 
of the Pacific Ocean. 
 
Last year, TMC and  its technology partner 
Allseas conducted two-month deepsea trials 
at the Nori D test site. This work involved 
driving a pilot collector vehicle over 80km 
across the seafloor, collecting approximately 
4500t of nodules and bringing over 3000t of 
them up a 4.3km riser system into Allseas’ 
surface production vessel Hidden Gem. 
The trials achieved production milestones 
reaching a sustained production rate of 86.4t 
per hour. 

At the recent underwater minerals 
conference in Rotterdam, Allseas’ Britt 
Blankenaar and Berend Lenselink, who were 
both aboard the Hidden Gem during the 
trials, discussed the operation 

“If we are to exploit nodules commercially, 
it is vital to carry out this rigorous pre-
production  testing programme," said Britt 
Blankenaar. "The things we discover and 
measure will reflect how we are reacting 
with the environment and what the 
ramifications will be if we carry out any given 
operation. 

"This, in turn, is also likely to help us make 
improvements in the process. Importantly, it 
will provide background baseline to measure 
future operations against.
“In addition to perfecting our nodule 
collection system, these trials have provided 
a unique opportunity to dozens of marine 
experts and scientists to conduct extensive 
environmental impact analysis and research, 
not only from the Hidden Gem, but also from 
a dedicated monitoring vessel accompanying 
the project, the Island Pride.”

UNDERWATER MINERALS
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HIDDEN GEM
This test system is based around 
the Hidden Gem production vessel 
formerly the (Vitoria 10000) drillship 
at the surface, controlling a collector 
on the seabed. 

The collector effectively extracts 
the nodules lying on the seabed 
through Coanda nozzles into a 
hopper where the nodules are 
separated from sediment. They 
are pumped into a flexible jumper 
hose and then into the main riser 
through which the nodules are 
pumped up to the surface by an 
airlift system.

Onboard Hidden Gem  the nodules 
are separated from the water. The 
nodules are stored in the hold while  
the water is pumped down a parallel 
riser and discharged.

"The 6m wide nodule collector 
was designed in-house in 2020 
to work at extreme depths and 
under extreme pressures," said 
Berend Lenselink. "It was built 
at the Allseas fabrication site in 
Heijningen, with input from Dutch 
company Seatools.

"The testing started with offshore 
trials in the North Sea where it 
was first driven in shallow water in 
order to easily observe the system 
functioning. This was followed by 
deployment in deeper waters and 
included tests with some riser 
sections to check that the joint 
system fully functioned. 

ON-SITE TESTING
“Upon arriving on site in the 
Pacific, we put the ROV down to 

have a look at the field, and once 
satisfied, lowered   the collector 
on the seabed from its launch and 
recovery system, all the time using 
the flying ROV to study any possible 
sinking,” said Britt Blankenaar. “ We 
then commenced manoeuverability 
tests of the collector. 

“We carried out a number of tests, 
each with increasing difficulty, starting 
by picking up some nodules. This 
was followed by integration and 
production tests. We started with 
moving the vehicle in straight lines 
and from then, making small turns 
required for obstacle avoidance.

 This progressed into larger returns, 
enabling the vehicle to drive forward, 
make a turn and drive backwards in 
the parallel path."

UNDERWATER MINERALS
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The final stage was actual collection 
tests which meant filling up the 
internal hopper to 100% capacity. As 
the vehicle was not yet connected to 
the riser, the contents were dumped 
through a valve at the bottom.
 

 “We were doing things that had 
never been done and we did 
have some setbacks," said Berend 
Lenselink. “During some high speed 
tests on the seabed, we discovered 
that the hydraulic power unit didn’t 
always react as we had expected, and 
one specific moment, the machine 
stopped. 

After restarting the forward 
movement, the slack umbilical came 
into contact with the collector. 
Upon investigation the loadbearing 
strength was unaffected allowing 
tests to continue. The next step was 
to connect the riser to the collector 
and commenced the main production 
tests. The first test was looking at how 
it operated at 100% normal capacity, 
and the second, tested it at test 60% 
for 24 hours. 

“Attaching the riser allowed us to get 
to know how to control the entire 

assembly," said Berend Lenselink. 
"Because of the length of the riser, 
there was a 20 minute lag between 
issuing a command and recording the 
response.

"We started to do some manoeuvring 
trials with the collector down, and 
discovered quickly, that it worked as 
planned. We did all kinds of different 
turns: U-turns, 90degs turns and 
contour mining patterns. 

"We wanted to see how much load 
we could put onto the riser, up to 
100% of our capacity and then some 
over-capacity tests to check how 
much safety we actually put in. 

"In parallel with all test runs, plume 
monitoring operations and other 
environmental monitoring actions 
were carried out.

AIRLIFT
 "Air injected into the riser pipe 
pushes the nodules upwards towards 
the surface.

“We showed that we have a reliable 
and robust propulsion system of the 
collector. The  pickup  and processing 
was efficient and we successfully 

coordinated movement of vessel, 
riser and collector.

"We collected a total of over 3,000 
tons of nodules into Hidden Gem’s 
hold. We had a maximum sustained 
production rate of 24 kg/s and a 
maximum collector speed achieved 
of 0.5 m/s and a total distance 
driven by the collector of 83.4 km. 

"Our next stage is project zero, 
we are currently working at the 
basic engineering phase, which is 
to be finished in Q4 of this year 
and , followed by the detailed 
engineering. The work includes a 
new collector, a new riser system 
and modifications to the Hidden 
Gem. 

"Then we will complete installation 
and commissioning and testing in 
Q3 of 2025. The goal of this design 
is to reach a maximum capacity of 
3 million tons per year using two 
collectors linked to the surface by a 
single riser.

"For the first year of collection 
we're aiming a production rate of 
1.3 million tons per year with one 
collector."
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Formed around three years ago, 
the Norwegian marine minerals 
company   Loke recently acquired 
Signal Resources from Lockheed 
Martin. 

This move gave the company 
access to two exploration licenses 
in addition to a 19.9% ownership 
in the OMS Singapore license. 
In total, it now has   access to 
more than 133,000  km2    of 
exploration   area in the Clarion 
Clipperton Zone in the Pacific 
Ocean

Loke plan to explore the resource 
using AUV and ROV technology 
and  has already built  and tested 
a ROV sampling skid.

“For the exploitation phase, we 
are in the process of  designing 
and testing a  system with 
the throughput of around   a 
throughput of 10 000t of wet 
nodules per day, which equates to 
500t/hr" said Tore Halvorsen. This 
means that  2500 nodules per 
second have to be picked up and 
transported  from the seabed to 
the surface vessel.

"To accomplish this sort of 
throughput and at the same time 
impose minimum environmental 
impact, we  need to closely 
examine and understand all 
the potential contributions 
to environmental impact like 
sediment pick up, plume, noise, 
vibrations etc.  . We either need 
to eliminate these or get them to 
a significantly lower level than we 
are today.

On the technology side, we are 

building on a strong heritage from 
the deepwater oil and gas industry. 
Water depths of up to 6000m may 
be seen as a barrier. However, 
historically, the O&G industry 
managed to double water depth 
every 5 year from 1975 when 
the world record was 100m for a 
subsea well.

Today, the robotics technology 
with ROV’s and AUV’s is already 
proven to 6000m

Dealing with soft soils, however,  is 
an issue. 

The O&G industry has primarily 
been dealing with static conditions, 
where trapped water will provide a 
manageable foundation but in this 
case, the conditions are dynamic. 

"The seabed conditions here is a 
challenge. The upper 5 cm average 
2kPa shear strength not dissimilar 
to yoghurt. The next 10 cm are 
about 5 kPa which would be more 
like peanut butter. This means, 
that the majority of nodules are 
essentially floating on top of 
the seabed. So what is the best 
method of picking them up?

"We had a look at a number of 
historic prototypes and devices 
on the market and saw that about 
40% of all the mechanism that 
have been used are mechanical 
and other 60% are hydraulic. 
In later years the majority have 
been hydraulic and  based on the 
Coanda nozzle principle.

“All we want to get out of the 
seabed is the nodules. Everything 
else is waste and has to be dealt 

with, so   we wanted a system that 
only picks nodules with minimum 
sediment pick-up. Therefore, this 
really meant a  mechanical system."
So, how to pick up these nodules 
efficiently?

"We evaluated and tested many 
different ways of mechanically 
pulling nodules out of the 
seabed with minimum sediment 
disturbance. We tested fingers 
sliding through the sediment, 
vibrating fingers, oscillating fingers. 
We found that rotating rake-style 
was the most efficient way of 
picking nodules out with minimum 
pick-up of sediment”  said Halvorsen

Loke commissioned a research 
company to  compared this 
method with   full layer removal 
system. Their conclusion was that 
this mechanical method had the 
potential of a 90% reduction in 
sediment pick-up – and thereby 
plume generation – compared with 
conventional hydraulic full layer 
removal systems.  

From there, Loke developed a 
concept for a mechanical collector 
with collection head, traction 
system, hopper for the collected 
nodules and a constant feed system 
into the suction box for the Vertical 
Transportation System.  

Currently, a prototype collector 
head and tracking system is being 
tested in a test pit with artificial soft 
sediments and artificial nodules to 
verify our models and demonstrate 
efficiency performance.  

One of the concerns with a 
mechanical collection head is what 
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happens when the collector runs 
into an unwanted object on the 
seafloor.

"In our design of the collector 
head, the tines can fully deflect," 
said Halvorsen. “During testing, 
we even threw, steel I-beams 
into the pit to see how it coped. 
The tines  simply deflected as the 
collector continued to move over 
the I-beam.

VERTICAL TRANSPORT
A very intricate part of the 
nodule production system is the 
vertical transportation system.

We want to make sure that nodules 
entering the tool actually continue as 
complete nodules to the top of the 
production vessel and not as crushed 
‘slurry’

Nodules are transported in a mixture 
with water. Water is used as the 
media to drag nodules all the way up 
to the vessel  where it  is filtered and 
returned as clean water.

The  sediment volume picked up at 
the seabed is so small that there is 
no need to dispose of the sediments 
through a return riser. Instead, it can 
be taken  as a part of the cargo. 

There are several methods of 
transporting the nodules to the 
surface.

"We have selected an air lift 
system with no subsea pumps and 
one continuous transportation of 
nodules from the hopper on the 
collection tool, through the jumper 
and riser and up to the deck. 

An air lift system will require 
collapse resistible flexible jumpers. 
Such a jumper will be stiffer than 
a conventional hose which again 
will impose additional forces to the 
collection tool.  

UNDERWATER MINERALS
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We have performed a number of 
analysis to verify the forces that 
acts on the tool. And again we 
found that we are well within the 
requirement for the tool on the 
seabed.

The other area we looked at was 
what kind of tracking pattern 
should we have. Should we have 
two small tools or one large tool? 

We need 10-meter collection  
width to collect 10,000 tonnes 
per day, running at 0.7 meters per 
second. We could use a single 10m 
wide tool covering the complete 

collection corridor, or two 5m tools 
each covering half of the collection 
corridor.

Assume that the tools cannot collect 
during the turns ,a single tool will 
yield higher collection efficiency 
than two smaller tools. 

Our analysis shows that a single tool 
has a collection efficiency in the 
90% range, depending on the path 
width, whereas a dual tool system 
is down to a 70% efficiency in the 
collection rate.

So we don't have to go very deep in 

the search for nodules. 95% of the 
nodules are found in the upper 5 cm 
of the seabed

We experimented by varying the 
distance between the tines and 
discovered that if we offset two rows 
of tines, it is possible to accept a 
much larger distance between them. 
That affects the diameter of the 
nodules we can pick up.  

So the only disturbance we do is 
actually by running strings several 
times through the  mud.
And we have no planned disposal of 
sediment behind the tool.
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FLOATING SOLAR

Wind harvesting technology was pioneered on land and 
subsequently moved offshore where it was able to enjoy 
significant new advantages. Floating photovoltaic (FPV) 
technology is now looking to travel the same direction. 
It is based on incorporating solar panels on floating 
structures and mooring these on water bodies such as 
lakes and oceans.

FPV technology offers numerous advantages over 
conventional land-based solar panels, particularly in 
areas where land is scarce or needed for other critical 
purposes, making it a valuable solution for densely 
populated regions.

One notable benefit of FPV systems is their deployment 
in areas with limited land availability. By utilizing the 
water surface, these systems can generate more energy 
as sunlight reflection amplifies the amount of light 
reaching the solar panels. Moreover, the presence of 
water underneath the panels provides a cooling effect 
on the electronics, enhancing their overall performance.

In certain situations, FPV systems also contribute to 
water conservation efforts. By reducing evaporation 
rates, particularly in arid and semi-arid regions where 
reservoirs are prevalent, these systems help conserve 
precious water resources. Furthermore, they protect 
drinking water from the harmful effects of direct 
sunlight, such as the formation of algae blooms and 
unwanted weed growth, which can adversely affect 
water quality.

However, deploying FPV systems comes with its own 
set of challenges. The panels require robust platforms, 
typically floating ones, to accommodate the fluctuating 
water levels. These platforms must exhibit durability and 
resistance to corrosion, given their constant exposure to 
water and harsh environmental conditions.

One advantage of floating systems is their relative 
ease and cost-effectiveness of installation compared 
to ground-mounted solar panels. They eliminate the 
need for extensive civil works, such as land grading and 
foundation construction, making them a more efficient 
option.

ADVANTAGES OF FPV TECHNOLOGY

FLOATING SOLAR
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The global floating solar market is expected 
to pass the six-gigawatt (GW) threshold by 
2031, as PV developers struggle to meet 
growing solar demand and look to alternate 
development technologies.

“The global solar industry, including PV 
developers, continue to battle limited land 
availability and increasing land costs for 
ground-mount solar projects, which is driving 
demand for floating installations,” said Ting 
Yu, consultant at Wood Mackenzie, at SNEC PV 
Power Expo in Shanghai.

Floating solar is expected to have a steady 
market share compared to overall global solar 
demand, with the compounded annual growth 
rate (CAGR) for floating solar (FPV) expected 
to rise 15% in the next ten years. 15 countries 
are forecasted to exceed 500 megawatts (MW) 
of cumulative FPV installations by 2031, with 
Indonesia, India and China making up almost 
70% of the total FPV demand in 2022.

“Despite development costs of FPVs ranging 
between 20-50% higher than comparable 
ground-mount projects, increased 
competitiveness in the developer and EPC 
landscape is helping to drive down costs in the 
sector,” Yu added.

The Asia-Pacific region continues to lead the 
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FLOATING SOLAR
demand for floating solar

The Asia-Pacific market had 
approximately 3GW of floating 
solar projects in 2022, capturing 
over 90% of floating solar 
demand that year. Countries 
such as China, Indonesia, India, 
South Korea, and Thailand are 
developing multiple floating solar 
projects, according to Wood 
Mackenzie analysis.

In China, the floating solar 
project pipeline will grow at a 
steady pace going forward, with 
cumulative floating solar capacity 
to cross 13GW by 2031 at a 12% 
CAGR over the next 10 years.

“China will continue to lead in 
floating solar installations. The 
country has been able to utilise 
flooded coal mines that have 
been decommissioned to develop 
floating solar,” said Yu at SNEC.

EUROPE BECOMES SECOND 
LARGEST REGION FOR FPV 
DEMAND
With almost 150MW, Europe is 
the second largest region for FPV 
demand, with the Netherlands 
in the lead followed by France. 
More countries are adopting the 
technology as multiple land use is 
being enforced in regions across 
Europe.

The Netherlands has the largest 
FPV project outside the Asia-
Pacific region, representing 32% 
of Europe’s FPV market in 2022, 
helped by the Sellingen floating 
solar park (41.4MW) that came 
online in 2021. This reflects how 
project sizes are continually 

Xfloat has been awarded a $1M BIRD Energy grant, together with its US 
partner, RETTEW Associates to build the first pilot installation of its FPV tracker 
system in the United States. The BIRD Energy program, funded by the US 
Department of Energy (DOE), Israel’s Ministry of Energy (MoE), and the Israel 
Innovation Authority, supports joint US-Israel innovations in renewable energy 
and energy efficiency with significant commercial potential, which can improve 
economic competitiveness, create jobs, and increase energy security. 

Xfloat hasa a proprietary hydrostatic system of controlled buoyancy tanks, 
arranged in a grid of connected vessels, controls the rotation of the PV tracking 
tables in unison, by +/- 60 deg on a single axis. The system uses no motors 
or hydraulics. Instead of using gears to tilt the PV panels, it uses a flexible, 
hydrostatic positioning mechanism. XCB damps and absorbs the powerful 
external forces exerted on the array, and controls aeroelastic instabilities

The solid structure of 
the Xfloat array can 
be adjusted to resist 
waves of different 
strength and fetch 
length. Its integrated 
design enables 
coherent single-axis 
movement along each 
entire row of modules.
Far fewer anchoring 
and mooring cables 
are needed, creating 
numerous operational 
advantages and 
reducing costs.

XFLOAT

growing in Europe’s leading market.
“Although it is still a small market in 
Europe, the trend is positive, and 
bigger floating PV plants are expected 
in the near future. After 2025, slow 
growth is projected as the main spots 
would have already been developed 
at this point. In addition, grid 
constraints and higher LCOE for bigger 
plants means the technology is not 
competitive against rooftop PV,” Yu told 
delegates.

THE US SEES FPV GROWTH
For the US, floating solar CAGR is 
estimated at roughly 13% over the 
next 10 years, where development 
is being driven in regions with high 
demand for solar but expensive land 
costs, including California, Florida, 
and New Jersey.

“Overall, the floating solar industry 
has seen high costs across all market 
segments, due to component costs 
and other soft cost increases, as a 
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Within the next three decades, it is 
anticipated that overall electricity 
demand will more than double to 
60,000 TWh. This demand will have 
a considerable effect on the supply 
side which is itself undergoing the 
uncertainly of transition. At present, 
around 25% of global electricity is 
supplied by renewables. 

In a report entitled The future of 
floating solar: Drivers and barriers to 
growth, DNV estimates that mid-
century, a significant proportion of 
power consumed– maybe as much as 
82% will come from renewables with 
photovoltaic (PV) systems providing 
the highest share. An increased share 
within the PV systems category is 
likely to come from floating systems 
(FPV). Last year, an estimated global 
installed capacity exceeded 3 GW 
although to put into perspective, 
this is less than 1% of the total PV 
capacity. 

"There are a number of issues with 
terrestrial PV," said report lead author, 
Thomas Horschig. "Many places can 
benefit the technology but there 
is not always room for the arrays. 
In big cities such as Hong Kong or 
Singapore, for example, the cost 
of land is extremely high but even 
elsewhere, the arrays often have 
to compete with other usages (e.g. 
agriculture, settlements). Conversely, 
FPV can often be combined with 
other productive uses of water bodies 
such as water treatment, irrigation, 
hydropower generation and storage."

"The installation of FPV systems 
on water bodies can have other 
beneficial effect such as reducing 
water evaporation rates, helping to 
save water -something especially 
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useful in areas of water scarcity. It can also share common 
infrastructure with other utilities."

MOORING
FPV projects sometimes fail and the mooring system has 
been identified as one of the main causes. This is due to its 
inherent complexity. 

Compared with other types of floating and/or offshore 
structures (floating wind turbines, oil and gas platforms, 
ships, marinas), the structures used for FPV typically have 
lower load capacity at the connection point between the 
flotation body and mooring line. This means that they require 
a higher number of lines (and anchors), with more distributed 
loading. This in turn increases the complexity of assessing the 
load and response of the structure, both from a design and a 
numerical modelling perspective. 

"FPV installations generally experience much lower wind 
loads than large turbines or oil and gas platforms," said 
Horschig "but the high number of interlinked components 
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which make up the floating structure itself (e.g. HDPE 
pontoons, metallic rafts, walkways, etc.) are a cause of 
failure. This has encouraged the industry to learn from 
issues encountered in operational projects with the 
eventual aim of reducing costs and Increasing design 
reliability. 

“The matter becomes even more relevant when looking at 
sites with a complex bathymetry or with consistent water 
level variations such as in hydro-dam applications. 

"The main technological concerning the floating structure 
(often referred to as “floats”), relate to its durability 
when exposed to environmental loads and fatigue for the 
intended lifetime of the structure. 

Despite the majority of the materials used in FPV being 
already widely used in other industry segments, the 
performance and reliability in this new application is still to 
be proven. Environmental stresses and loads, such as UV 
degradation, corrosion of materials, extreme loads, and 
cyclic loads due to wind and waves, can lead to issues and 
failures in the medium/long term."

With the growth of the FPV sector, different and innovative 
concepts for the structures are continually being 
developed, with different layouts and types of materials. 

The sector, however, suffers from a lack of clear testing 
procedures and testing requirements impact on the quality 
assurance processes, and this poses a further threat to the 
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acceptance and bankability of this technology. 

“There are also other aspects of FPV safety and reliability 
which should not be overlooked, such as the electrical 
design. Electrical safety is a crucial aspect in every PV 
project, and normally covered by a set of international 
standards (IEC, UL, etc.).
" In FPV projects, however, there is still a lack of specific 
electrical standards to be used for the design and 

Source: DNV, 2022
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With increased confidence in FPV, 
more projects will be developed, and 
the costs will be reduced."

One potentially interesting 
application will be in the large areas 
between the wind turbines where 
infrastructure can be placed.

With offshore wind systems comes 
improvements in offshore grid and 
storage infrastructure. These can 
be designed with sufficient excess 
capacity to also support later 
additions of solar power. 

Such integrated energy systems 
may provide a significant upside in 
terms of OPEX due to synergies in 
infrastructure, labour and vessels 
for inspection and maintenance 
operations. This means that overall 
LCOE of the system will decrease.
"Reducing cost is the key success 
factor for making near-shore 
exposed and offshore floating PV 
commercially viable," said Horschig.

"Due to the loads from waves 
requiring reinforcement, the 
structures will inevitably be more 

Belgian companies DEME, Tractebel 
and Jan De Nul have developed 
SEAVOLT, a new offshore floating 
photovoltaic (PV) technology. 
SEAVOLT can withstand harsh 
offshore conditions while creating 
large surfaces that are protected from 
the waves. 

The modular design allows for easy 
adaptation to different sites and 
demands. Benefits include local 
renewable energy production and 
the possibility to install the panels 
in offshore wind farms (where 
local authorities permit multi-use 
concessions). Another advantage 
is the addition of large volumes 
of renewable energy capacity in a 
relatively short time.

The partners, together with Ghent 
University, started the VLAIO-funded 
research project MPVAQUA (Marine 
PV Aquaculture) within the frame of 
Blue Cluster four years ago. A marine 
floater concept was developed 
together with initial research on 
effects on the marine ecosystem, 
integration of aquaculture, and a 
financial assessment. Following 

expensive per Wp than in-land 
applications. 

As the offshore technology is 
currently at R&D stage with only 
small pilots installed to date it is 
expected that we will see significant 
cost reductions as projects scale. 

"Factors such as financial support 
mechanisms, improved design 
requirements and risk reduction 
premium as experience increases 
will also contribute to reducing 
costs."

laboratory testing, the partners are 
currently developing an offshore test 
installation which will be launched off 
the Belgian coast in summer 2023. 

Furthermore, in collaboration with 
RBINS, parallel tracks focusing on the 
ecosystem, the environment and cost 

effectiveness are being launched 
with the support of the Energy 
Transition Fund and the Federal 
Relaunch Fund.

 The “magic” 1-TW milestone of 
installed capacity was reached in 
2022.

S E AV O LT
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Norwegian company Ocean Sun has 
devised an ingenious floating solar 
array design based on a proven hull 
form commonly adopted by the 
Norwegian inshore aquaculture 
sector. The company plans to install 
the latest version in Singapore, 
Greece and Spain within the next 
year.

Aquaculture is a very established 
industry in Norway. The fish–
typically Atlantic Salmon and 
Norwegian Fjord Trout– are grown 
in the clear cold waters of the fjords 
in pens, large torus-shaped moored 
flotation structures with nets 
cascading down. These structures 
are common in coastal semi-
sheltered benign waters, small lakes 
and reservoirs largely protected 
from impact from wind and waves. 

Ocean Sun has used the same 
high-density polyethylene ring 
shaped collars but have dispensed 
with the nets. Instead, stretched 
over the surface, is a fabric tension 
membrane which makes the 
entire structure resemble a Lily 
pad or drum. Positioned on the 
tension membrane, are strings of 
solar panels. The design allows 
for number of these discs to be 
connected together to form large 
solar power plants.

Many solar structures involve 
tilting the panels at an angle 
or progressively turning them 
towards the direction of the sun 
for maximum exposure. This is 
problematic at sea because if they 
tilt from the horizontal, these solar 
modules can act as small sails. This 
generates significant drag which has 
to be compensated in the mooring. 

Instead, the membranes are laid 
flat, on the water surface. This 
confers specific advantages.

The membrane has much the same 
effect as 'oil on troubled water', 
calming the sea and preventing the 
breaking of waves. Only large swells 
travel across, under the membrane. 

The membrane is relatively thin – 
less than 1 mm in thickness so being 
in constant contact with the water 
means that it is always cold. Any 
unwanted heat generated in the 
production of electricity, therefore, 
is dissipated into the water, resulting 
in a much better voltage yield.

The fabric waterproof membrane 
captures falling rain so automatic 
bilge pumps divert this for 
consumption or for cleaning of salt 
stain at sea. On inland reservoirs 

it effectively hinders evaporation of 
precious fresh water.

“One problem that many floating 
solar operators have been 
experiencing, is the bird excretions 
that tend to cover these remote 
structures over time," said Børge 
Bjørneklett, Founder and CEO of 
Ocean Sun. 

"We favour using exactly the same 
system that the agriculture industry 
employs – keeping bird predator 
mechanisms such as kites or hawks. 

"We discovered that in one trial 
system in Albania, the only avian 
were migrating birds that wouldn't 
want to settle anywhere near 
predators. Another idea is to use 
transparent or semi-transparent lines 
to interrupt flight but not hurt the 
birds.

FLOATING SOLAR

OCEAN SUN
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SHAPE
Even a cursory analysis of the market 
shows that most FPV structures are 
square or rectangular rather than 
circular. 

“We have found that the structural 
performance of the circle is superior 
in this application, because with 
their long sides, rectangular shapes 
characteristically orientate with 
wind or wave directions and at some 
point, the loading becomes locally 
very weak towards the broadsides," 
said Bjørneklett. 

"A wheel shape, however, has a very 
favourable load distribution and as 
such, requires much fewer mooring 
lines. These can also be shared 
between discs within the array.

"We tend to use catenary rather than 
taught leg moorings. The latter has 
proven to be problematic especially 

in hydro dam applications because 
of the dramatic level variations on 
the lakes, which possibly can be 

up to 30m. This would require an 
(expensive) elastic component in the 
mooring. 

OCEAN SUN
A solar disc-shaped structure

A four-ring diamond-shaped spread in Albania
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"One common mooring pattern we 
use is a four-ring assembly arranged 
in a diamond shaped spread. The 
result is a structure characterised by 
a high speed of installation and sea 
worthiness. While they are designed 
for relatively benign conditions, 
we have had systems in the in the 
typhoon belt of the Philippines, 
directly facing category four storms 
(with wind speeds of 275 km/h). 

"Another feature is the easy 
transportation of the membrane, 
which can be folded and rolled up 
inside a single 40ft container. The 
bulky floats or pontoons that are more 
commonly used by most competitors, 
take up a huge amount of space in 
the transportation containers because 
they are blow-moulded. 

"We are also looking at using the 
system in association with other 
renewable technologies. In one 
research installation in China, lying 
30km offshore from Shandong, we are 
experimenting with connecting it to a 
wind turbine. There are advantages of 
using more than one energy capturing 
device on the same permit, which 
is why we are also looking at dual 
tandem operation with hydropower 
dams.

"In a sense, the dam acts as a battery. 
Within the wind turbine, there is 
an over-capacity in the transformer 
(inside the monopile), so it can both 
operate under steady strong wind and 
solar at the same time. 

In the turbine, the transformers are 
5MWp while each floating solar disc 
produces only half a megawatt, so 
there is spare capacity. The two test 
discs we deployed have since been 

taken ashore but will possibly be 
replaced with a single, larger and more 
ruggedised disc.

“The largest solar disc we can produce 
today is 700 kilowatts (0.7MW) 
installed power but actual energy 
production is a function of the time of 
day and the amount of Sun hours at 
the location, and that differs a lot. In 
Norway, we have about 800–900hrs 

FLOATING SOLAR

while in southern Europe can have up 
to twice the radiation. 

"It is also a function of latitude. 
Because the panels are horizontal, 
they are best located at the 
lower latitudes where the sun is 
more overhead but they are also 
advantageous further north where 
the cooling of the solar modules gives 
a stronger input to the yield."

In 2009, while visiting the tiny islands of the Maldives, the principals of 
Swimsol were inspired to create a floating solar solution that would take the 
solar power beyond the limitations of land. In 2014, after more than four 
years of research in cooperation with the Vienna University of Technology 
and the Fraunhofer Institute in Germany, the company  launched the world’s 
first floating solar power plant for the sea – SolarSea. Moreover, they 
succeeded in making it less expensive than diesel-generated electricity.

Today, the company has developed an expertise  in island micro-grids and 
heavy-duty tropical solar PV systems.

MALDIVES

SolarSea at a fishfarm in Chile
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selection of components. It is therefore crucial to perform 
an accurate risk assessment and to carefully design the 
electrical system for an FPV project, especially concerning 
water ingress, risk of immersion of components (cables, 
connectors, etc,), cable management and earthing. Poor 
cable management and a poorly designed electrical layout 
can easily lead to electrical failures, short circuits and 
potentially fire. 

While challenges are faced by inland water bodies 
application of FPV, they are even more critical for the near-
shore and offshore FPVs, considering the higher costs and 
harsher environmental conditions expected in offshore 
locations. In addition, salt water installations will be more 
exposed to corrosion. 

LCOE
The levelised cost of electricity (LCOE) of floating solar 
is dominated by capital expenditure (CAPEX) while the 
operating costs (OPEX) being approximately 20% of the 
levelised costs. The main driver for continued growth 
is that unit investment costs – around 1.2 USD/Wp, 
will decrease significantly with every doubling of FPV 
installations globally, until potentially reaching 0.65 US$ /
Wp in 2050.

 Currently the global average LCOE for FPV is 65 US$/MWh 
and it has been observed as low as 45 US$/MWh in highly 
cost competitive markets in Asia.

The largest CAPEX components includes the PV module 
and structural components such as the floats, mooring and 
anchoring. 

It is expected that the LCOE for FPV will generally remain 
higher than ground-mounted solar PV, but in some cases 
such as areas with high population density, where land is 
scarce and where land costs are higher than the costs of 
the water body, FPV may have lower LCOE.

" The industry is in development and there is room to 
improve system design and design methodologies " said 
Horschig. "There is a need for standardisation in the FPV 
industry, especially for floating testing and for design 
methodology of mooring and anchoring. 

"Manufacturers, project developers, investors, lenders and 
insurers will benefit from having recognised international 
standards where there is a clear methodology to ensure 
safe and reliable operations of FPV for the lifetime of the 
projects. 

FLOATING SOLAR

SOLAR

The world's first and 
largest all-electric 

Launch and Recovery 
System (eLARS) by 

MacArtney, is designed 
to enhance operational 

efficiency while 
reducing downtime and 

maintenance costs.

http://www.macartney.com/
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Balmoral has launched its 
HexDefence for jacket foundations. 
Building upon the success of the 
HexDefence development work 
used for monopile structures, 
which integrated seabed protection 
and flow reduction to minimise 
operational costs and prevent cable 
failure, Balmoral's latest innovation 
specifically targets jacket turbine 
foundations. 

This globally patented product is 
designed to significantly mitigate 
jacket foundation scouring around 
fixed wind turbines. 

This solution not only marks a 
leap forward in offshore wind 
technology but also promises 
substantial cost savings and 
environmental benefits.

Dr. Aneel Gill, Product R&D 
Manager at Balmoral, said: "The 
jacket version of HexDefence 
represents a significant step 
forward for scour protection, 
offering highly cost-effective 
performance enhancement across 
installation, management, and 
maintenance.

 This proprietary system eliminates 
the requirement to dump rock, 
providing a non-invasive approach 
to protecting the jacket foundation 
and the immediate surrounding 
area."

In March of this year, Balmoral 
successfully developed the original 
HexDefence system, receiving 
positive feedback from leading 
wind farm developers and industry 
bodies. The subsequent adaptation 
to a jacket version demonstrates 

Balmoral's commitment to addressing the specific needs 
of jacket turbine foundations.

One of the key advantages of the HexDefence system is 
its potential to revive abandoned projects and locations 
deemed unviable due to the sheer amount and size of 
rock required for scour protection. The latest analysis 
indicates that this innovative solution could render 
expensive and carbon-intensive practices obsolete, 
making previously financially unfeasible projects viable 
again.

INSTALLATION
FAULT FINDING •  CONSTRUC TION •  DECOMMISSIONING

Subsea Test Tools
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Subsea TDR
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C-Kore automates the entire testing process, 

achieving significant cost savings. It’s safe for use 

on all subsea infrastructure, giving you better 

data much faster without extra personnel. 

Now with 
Optical TDR

Oceaneering Australia has secured an 
Inspection, Maintenance, and Repair 
(IMR) and Survey contract from a 
major Australian energy company. 

Oceaneering will mobilise in mid-
November to carry out IMR and 
survey work scopes that include 
the provision of remotely operated 
vehicle (ROV) and survey personnel 
and equipment, subsea inspection, 
onshore project management 
and engineering, data processing 
and associated deliverables, 
photogrammetry, and onshore 
ROV video streaming for remote 
inspections. The offshore work 
scope is expected to take 15 days to 
complete. 

Jason Hughes, Director of Offshore 
Projects Group, Asia Pacific 

(APAC), Oceaneering, said: “This 
contract marks a new milestone for 
Oceaneering as it is our first survey 
scope in Australia, and it complements 
our Inspection, Maintenance, and 

Repair capabilities in region. 
We are delighted to have the 
confidence of our customer to 
carry out this work scope to help 
extend the life of their assets.” 

OCEANEERING IMR/SURVEY 

Oceaneering Australia IMR and Survey contract

HEXDEFENCE

HexDefence

http://www.c-kore.com/
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Allseas has inaugurated the 
Sandpiper, its new barge 
for shallow water offshore 
construction activities. The  flat-
bottom, anchored barge was 
purchased by Allseas in 2022 and 
upgraded for the pipelaying season  
this year.
 
Sandpiper is equipped with a 
10-point mooring system, pipelay 
equipment suitable for laying pipe 
up to of 60ins in diameter and a 
piggyback firing line for 6.50 in 
diameter pipe.

Sandpiper is also fitted with a davit 
system that enables her to perform 
‘mid-line’ tie-ins.

The vessel has an overall length 
of 170m, or 120m between 
perpendiculars. It has a breadth of 
31.7m and the depth to main deck 
is 9m. It has accommodation for 214 
people.

At one end is the deck crane, a 
Huisman 800 tons offshore mass 
train with a minimum working radius 
of 8.5m as a maximum radius of 
52m.

Along the vessel, there are four 
welding stations and NDT stations. 
It has a total cargo capacity of 
12.5t/m2. The vessel  has a clear 
deck space of around 1000 m². It is 
classified by ABS.

Boskalis has signed a contract with 
Dutch shipbuilding company Royal 
IHC to build a large trailing suction 
hopper dredger. The vessel will 
have a hopper capacity of 31,000 
m3 and will be built at the IHC 
yard in Krimpen aan den IJssel, the 
Netherlands, over the next few 
years.

The new vessel will be one of the 
largest trailing suction hopper 
dredgers in the Boskalis fleet. 
Noteworthy features of the energy-
efficient vessel design include 

the full diesel-electric installation 
and propulsion via Azipods. These 
technological innovations, combined 
with the optimized underwater hull 
design and an advanced automation 
system, will contribute to a 
significantly lower fuel consumption.

The vessel is also being prepared for 
the use of (green) methanol as an 
alternative fuel. The methanol plant 
and storage tanks on board make this 
switch possible. Furthermore, the 
dual fuel main engines are equipped 
with two-stage turbos and can be 
powered by both conventional fuels 
and more sustainable alternatives 
such as biodiesel and methanol, 
providing for a substantial reduction 
of CO2 emissions.

With a double suction pipe equipped 
with underwater pumps and two 
discharge pumps with a combined 
discharge capacity of 15,000 kW, 

the new trailing suction hopper 
dredger is well suited to dredging 
material and discharge this over 
long distances to a reclamation site. 
This powerful performance also 

BOSKALIS NEW 
TRAILING SUCTION 
HOPPER DREDGER

contributes to increased efficiency of 
the dredging process.

The new vessel is expected to enter 
service in mid-2026. 

Artist’s impression of the new Boskalis trailing suction hopper dredger

SANDPIPER

INSTALLATION

Sandpiper

Ultra‐low  
density high 
performance 
syntactic foams
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ROV/AUV/HOV/XLUUVs Balmoral offers a range of 
ultra‐low density syntactic foams  
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properties.  
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Contact our experts or visit our website for further 
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surety@balmoral.co.uk | balmoraloffshore.com
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TenneT, in collaboration with 
contractor Equans/Smulders, has 
installed several artificial reefs near 
the offshore transformer platform 
Hollandse Kust (west Alpha) to gain 
further knowledge about nature-
inclusive construction. 

This offshore transformer platform 
will connect the Ecowende 
consortium (Shell/Eneco) wind 
farm to the high voltage grid. The 
aim is to build this wind farm with 
a healthy ecosystem and as little 
impact on nature as possible. 
The artificial reefs are part of a 
series of ecological measures by 
TenneT to monitor and encourage 
underwater life around offshore 
wind farms.

By 2050, energy production must 
be completely climate-neutral and 
one of the main pillars to achieve 
this goal is offshore wind energy. 
All this infrastructure, however,may 
have an impact on the ecology of 
the North Sea. 

To find out which form works 
best, two types of artificial reefs 
have been placed near the 
Hollandse Kust west alpha jacket, 
located about 50 km off the 
coast of Egmond aan Zee. Earlier, 
similar structures were placed at 
Hollandse Kust north. 

Six reef cubes were attached to one 
frame. These were hollow square 
blocks made of nature-friendly 
recycled material with round holes 
in the walls. 

On the other steel frame were six 
reef balls, a similar structure but in 
the shape of a ball. 

"These artificial reef structures are 
meant to stimulate marine life," 
said Annemiek Hermans, marine 
biologist, and advisor to TenneT on 
nature-inclusive construction.

"With these, we hope to create 
potential spots where coral 

and algae can settle. 

Earlier research shows that fish, crabs 
and lobsters like to visit these spots 
for shelter and to look for food." 

"The aim of the trial is to investigate 
which shape - ball or cube - works 
best in the waters off our coast. The 
hollows provide protection for young 
fish, but are also meant to increase 
the structure's bonding surface.

"In this way, Tennet hope to provide 
a suitable place for numerous other 
animal and plant species in addition 
to juvenile fish, crabs and lobsters."

Hermans expects that it takes up 
to three years to see clearly visible 
differences. "Until then, we monitor 
annually whether the diversity of life 
forms around the artificial reefs and 
fish hotels increases. Fish lose scales 
and cells, for example, and faeces 
also end up in the water. By reading 
DNA in water samples, you can find 
out pretty quickly which guests have 
checked in."

With some estimates putting the cost 
of subsea cable failure for offshore 
wind at more than £500 million in 
2020, the average insurance claim 
worth more than £3 million, and 
an estimated 30% failure rate in 
any given year, the International 
Marine Contractors Association 
(IMCA) has released a new Code of 
Practice to improve the installation of 
underwater cables in offshore wind.

The Code of Practice for Offshore 
Cable Laying in the Renewable Energy 
Industry (IMCA M264) addresses 
issues for the safe laying and 
terminating of offshore power cables 
to prevent damage, a significant 
challenge for offshore wind where 
rates of failure result in millions 
worth of loss to everyone involved 
in delivery – including contractors, 
developers, and insurers.

At the point at which cables leave the 
laying vessel and meet the seabed, 
they are frequently subject to damage 
caused by over-bending, cable-pulling, 
and inadequate design of lead into 
the monopile.
 
In addressing issues such as the 
laying spread – the combined set of 

A NEW CODE OF PRACTICE COULD SAVE MILLIONS BY 
PREVENTING SUBSEA CABLE FAILURE

systems required for the installation 
of the cable – as well as the interface 
between the vessel and the spread, 
and the safest methodology for 
overboarding, trenching and cable 
pulling, the IMCA Code of Practice 
establishes a new baseline for 
safely laying offshore submarine 
power cables which will significantly 
improve performance.
 
Mark Ford, Marine & Quality 
Manager of IMCA, said: “Contractors 
have come together to share their 
experiences around the design, 
testing, operation and maintenance 
of cable laying, the specialised 
equipment and technology used, and 
how it interfaces with supporting 
vessels. Decades of experience 
gained through the installation of 
thousands of kilometres of offshore 
cables have helped us find tangible 
solutions for the industry."

IMCA Members can download the 
Code of Practice for Offshore Cable 
Laying in the Renewable Energy 
Industry (IMCA M264) at the IMCA 
website: https://www.imca-int.com/
product/imca-code-of-practice-
for-offshore-cable-laying-in-the-
renewable-energy-industry/ 

IMCA
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UPSCALED eLARS

INSTALLATION

A new 50t-capacity electric 
launch and recovery system 
(eLARS) is currently undergoing 
offshore testing in association 
with a large new underwater 
trencher. This is the first eLARS 
of its size anywhere in the world 
and could further open the door 
for non-hydraulic systems to 
support a wider range of vehicle 
sizes and capacities.

Back in 2020, MacArtney 
introduced their novel electric 
Launch and Recovery concept for 
workclass electric ROVs, towed 
vehicles, seabed mining, drilling 
and sampling systems, etc. 

The company reasoned that 
hydraulic systems are sometimes 
incompatible with the new 
generation of clean autonomous 
electric vessels that many 
predict will dominate the 
future offshore and underwater 
workspace. These will benefit 
from compatible eco-friendly 
all-electric mechanical handling 
solutions. 

Even back then at the design 
stage, MacArtney always 
maintained that the eLARS 
concept should not be restricted 
to free-flying ROVs. It should 
be upscalable to launch much 
heavier underwater vehicles 
such as large cable and pipeline 
trenchers that currently service 
the renewables industry.

This ethos resonated with 
Belgian offshore contractor Jan 
De Nul. They envisaged such 
an all-electric package would 
complement their latest vessel 

Symphony in deploying the new 
jetting trencher it had recently 
ordered from Osbit. 

In May 2021, Jan De Nul signed a 
contract for this new eLARS.
"The upscaling work from the 
original WROV always required 
far more than simply taking the 
original version and multiplying 
everything by four," said Head of 
Project Management, Koos van 
der Zee. 

 "In practical terms, we had to 
rent larger premises and access 
sufficient crane capacity just to 
build and test this larger device. 
The set-up included building a 
special tower that was strong 
enough to allow us to lift the 
required test weights.

"The whole project was very 
challenging, but by the start of 
this year, we had delivered the 
completed A-frame to Belgium 
for factory acceptance testing. 
The winch and docking head 
followed, arriving at Jan De Nul's 
facilities by mid-March. The 
completed system is currently 
undergoing offshore trials.

"Typically, this would be placed 
on the aft of the vessel although 
in the Symphony, the position 
of the existing crane meant 
installing the A-Frame on the 
port side with the umbilical 
winch on the starboard, much 
greater mass, the designers 
dispensed with any ability to 
extend the uprights but instead, 
gave them a length of 14m and 
the ability to swing 45deg out 
over the open water. 
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With their high energy density, the 
advantages of hydraulic systems 
are well known, however, the same 
practical results can now be achieved 
by electric systems. This means that 
the drawbacks of hydraulic systems 
can also be eliminated.

Hydraulic systems demand a high 
degree of maintenance to ensure 
that they do not leak. Leakage is 
something inherent in a system 
constantly pressurised to 200bar or 
more with fluids naturally looking 
for paths of least resistance. 
Pressure testing, tracing and fixing 
leaks can be very labour-intensive. 
As part of the maintenance and 
servicing, hydraulic oil needs to be 
periodically replaced and disposed of 
responsibly.

Some items typically require long 
lead times – maybe 10 to 20 weeks. 
This necessitates keeping numerous 
items in stock as a protection against 
downtime. Electrical systems, 
conversely, require a much smaller 
inventory of ubiquitously available 
electrical cables and connectors. 

"In an electrical system, the cost 
of maintenance and keeping the 
system running is probably as much 
as 50% lower than hydraulic systems. 
This often means that they are less 
expensive, so the capital invested in 
stock that is also reduced."

Electrical systems are considerably 
cheaper to install. A typical hydraulic 
LARS would have to be connected 
to the vessel by steel tubes or hoses 
hard-routed through the metal body, 
while electrical system use flexible 
and easily routable wire.

H Y D R A U L I C  V S 
E L E C T R I C

INSTALLATION

The docking head on the WROV 
eLARS system was particularly 
sophisticated with the umbilical 
running from the winch, over an 
integral sheave and down through 
the docking head, terminating in a 
bullet. 

The design featured a pair of 
splash-protected electrical motors 
that were able to change the angle 
of the articulated docking head 
itself, effectively moving the ROV 
backwards and forwards in an arc 
to compensate for irregularities 
such as an offset in the centre of 
gravity.

In the new larger eLARS, however, 
the entire crossbar can move, care 
of four electric motors, two each 
side of the sheave. The entire 
docking head can also be rotated 
270 deg to turn the vehicle.

While the WROV e-LARS could 
swing back enough to be accessed 
for maintenance, this would be 

more challenging for the trencher 
eLARS. Instead, the docking head 
incorporates its own gantry to 
provide maintenance access. The 
umbilical from the winch passes over 
the main sheave and terminates in a 
bullet. In doing so, it passes through 
a plate that incorporates a locking 
mechanism. The umbilical can only 
move if the latch is opened.

The delivery of the compete 
eLARS solution also included a 20ft 
container comprising advanced PLC 
technology allowing full remote 
control of the system. The inclusion 
of automation features enables 
remote operation of the LARS, 
whether from the crew on deck or 
even from a land-based location. 

"This capability opens up the 
potential for transitioning to a one-
person handling setup. Additionally, 
it facilitates future upgrades, 
enhancing cost-effectiveness, 
adaptability and durability, " said van 
der Zee. 

Royal IHC has secured a contract to supply 
US-based Caldwell Marine International 
(CMI), with a new build ‘Amphibious Hi-
Traq Jetter’.

This state-of-the-art subsea tracked 
trenching vehicle is the first of its type to 
be owned and operated by a specialist US 
cable installation contractor and will be a 
key tool in the arsenal of equipment that 
CMI employs.

The scope of this contract award includes 
the new Royal IHC Amphibious Hi-Traq 
Jetter vehicle with eductor system, 
combined power & control cabin upgraded 
with latest SCADA system, power / control 
umbilical and a special purpose umbilical 
reeler. 

Royal IHC Ltd will be working in 
partnership with its international suppliers 
to provide fabrication, assembly, and final 
testing in Blyth, UK, along with ongoing 
servicing, training, and spares support.

•	 Locate	and	track	cables

•	 Find	faults	and	breaks				

•	 Use	on	land	&	underwater

•	 Audio	and	Visual	output

•	 Commercial	construction

•	 Easy	to	read	display

•	 Calculate	burial	depth

•	 Starting	at	$15,995

JW	Fishers	Mfg.,	Inc

(800)822-4744

(508)822-7330	

Email:	info@jwfishers.com

www.jwfishers.com

Save	time	and	money	
locating	subsea	cables 
with a JW Fishers CT-1 Cable Tracker.

AMPHIBIOUS HI-TRAQ JETTER

Amphibious Hi-Traq Jetter

eLARS

http://www.jwfishers.com/
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S Jason Gillham, Chief Technology Officer at 

Impossible Metals said that earlier this year, the 
company successfully demonstrated its Eureka 
1 autonomous underwater vehicle (AUV) as 
the first step on the road map to developing a 
full-scale, artificially intelligent deepsea mineral 
harvesting system.

“Seabed harvesting is environmentally 
sensitive," said Gillham. "While there is always 
going to an impact of some kind to the seafloor 
during nodule recovery, our goal is to minimise 
the impact and maintain habitat function.

"Rather than indiscriminately scooping nodules 
from the seabed, the Eureka system is designed 
to selectively harvest them, for minimal seabed 
disturbance.

"At the centre of the project is a novel 
autonomous vehicle. This has required 
development of three key technologies.

"The first is the variable buoyancy engine. This 
allows the autonomous underwater vehicle 
to passively hover over the seafloor and 
importantly, the vehicle does not land on the 
seafloor.

"Some alternative hovering systems use 
downward-pointing thrusters however, these 
may fluidise the seabed. The Eureka system has 
a variable buoyancy engine that can keep the 
vehicle stationary while being incrementally 
loaded with nodules. Once full, the vehicle rises 
to the surface."

EUREKA!

UNDERWATER MINERALS
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The vehicle also had heading pitch 
and roll control so the vehicle 
could remain stable. It could move 
in a forward direction at three 
centimeters per second. 

"In the tests, sometimes the 
nodules slipped out on its way to 
the hopper tray but it achieved 
an 88% pick success rate. The 
average time per pick was 6.1 
seconds. 

"So a large portion of the time 
was just traveling the arm from 
the nodule to that collection point 
and then back to the nodules 
again, and this is something that 
we're optimising for the next 
stage, Eureka 2. 

"Another thing we will be looking 
at are deep sea sediments as 
these may be tricky to deal with. 
Sometimes they can be sticky and 
we need to know how that would 
interact with their end effectors, 
the claws. Will the sediment 
cling to the nodules and how will 
the vision system work because 
it needs to be able to see the 
nodules in order to detect them 
and then pick them up." 

Once the collector AUV is full, it 
rises to the surface, empties into a 
vessel and returns to the seabed. 

The speed of the collection cycle 
- picking up the nodules, rising 
to the surface, unloading the 
nodules, and getting back down to 
the seafloor - is a key driver for the 
economics of the Eureka system.

The second technology involves the 
development of fast, robotic arms. 
These pick up nodules, one by one 
at high speed. Similar systems are 
already common on land as part 
of the processing industry. These, 
however, have to be rated for use at 
4–6000m below sea level.

The third component is the 
computer vision system that 
informs the vehicle where to grab 
the nodules.

 "We have set a timeline in which 
we think we can have this selective 
harvesting technology ready 
soon”, said Gillham. “Eureka 1 was 
really a testing ground and largely 
culminated earlier this year when 
the technology was proved in a 
programme of winter and spring 
testing in the Great Lakes. 

"The artificial intelligence can 
successfully recognise nodule 
forms and employed simple colour 
recognition. In order to simulate 
the extraction, the group used 
decorative lava rocks as nodule 
analogues. The nodules have a 
surprisingly low density so that of 
the lava rocks is similar and they 
have a similar shape variability. 

"These were placed on a sandbox 
table, because the abyssal plane 
in the deep sea floor is quite flat. 
Unlike the sandbox, the deep sea 
has very fine sediment, and this 
difference will be further explored 
as we continue development.

The test involved two missions, 
one tethered and the other 
tetherless, although both were fully 
autonomous.

"After we put the vehicle in the water 
and initialised it so it knew its position 
within the nodule field, it was able to 
traverse autonomously over to the 
nodule field.

"We originally used the tether just for 
monitoring the telemetry feedback, 
including the sensors on the vehicle 
as well as the camera feed so that we 
can see what was happening. We also 
watched it from our user interface 
through the tether and we had a 
separate ROV that was monitoring our 
vehicle."

This was followed by a second mission, 

where it was fully untethered. 
Not having the tether meant 
that there was no live feedback 
but it was possible to see it in an 
accompanying ROV's camera.

It was still possible to use radio 
communications from the surface 
to the vehicle to execute its 
mission. 

In the tests, the vehicle always 
remained at a constant distance 
above the lake bed. Small changes 
in vehicle altitude relative to the 
table were compensated for by the 
motion in the arm. 

UNDERWATER MINERALS EMPOWERING
World leading electric underwater robotics

Saab Seaeye
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CCZ TRIALS
Nauru Ocean Resources Inc (NORI) is a 
wholly owned subsidiary of Metals Company 
(TMC, formerly DeepGreen). The company 
has been focusing on developing seabed 
resources within the Clarion Clipperton Zone 
of the Pacific Ocean. 
 
Last year, TMC and its technology partner 
Allseas conducted two-month deepsea trials 
at the Nori D test site. This work involved 
driving a pilot collector vehicle over 80km 
across the seafloor, collecting approximately 
4500t of nodules and bringing over 3000t of 
them up a 4.3km riser system into Allseas’ 
surface production vessel Hidden Gem. 
The trials achieved production milestones 
reaching a sustained production rate of 86.4t 
per hour. 

At the recent underwater minerals 
conference in Rotterdam, Allseas’ Britt 
Blankenaar and Berend Lenselink, who were 
both aboard the Hidden Gem during the 
trials, discussed the operation.

“If we are to exploit nodules commercially, 
it is vital to carry out this rigorous pre-
production testing programme," said Britt 
Blankenaar. "The things we discover and 
measure will reflect how we are reacting 
with the environment and what the 
ramifications will be if we carry out any given 
operation. 

"This, in turn, is also likely to help us make 
improvements in the process. Importantly, it 
will provide background baseline to measure 
future operations against.

“In addition to perfecting our nodule 
collection system, these trials have provided 
a unique opportunity to dozens of marine 
experts and scientists to conduct extensive 
environmental impact analysis and research, 
not only from the Hidden Gem, but also from 
a dedicated monitoring vessel accompanying 
the project, the Island Pride.”

UNDERWATER MINERALS
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HIDDEN GEM
This test system is based around 
the Hidden Gem production vessel 
formerly the (Vitoria 10000) drillship 
at the surface, controlling a collector 
on the seabed. 

The collector effectively extracts 
the nodules lying on the seabed 
through Coanda nozzles into a 
hopper where the nodules are 
separated from sediment. They 
are pumped into a flexible jumper 
hose and then into the main riser 
through which the nodules are 
pumped up to the surface by an 
airlift system.

Onboard Hidden Gem the nodules 
are separated from the water. The 
nodules are stored in the hold while 
the water is pumped down a parallel 
riser and discharged.

"The 6m wide nodule collector 
was designed in-house in 2020 
to work at extreme depths and 
under extreme pressures," said 
Berend Lenselink. "It was built 
at the Allseas fabrication site in 
Heijningen, with input from Dutch 
company Seatools.

"The testing started with offshore 
trials in the North Sea where it 
was first driven in shallow water in 
order to easily observe the system 
functioning. This was followed by 
deployment in deeper waters and 
included tests with some riser 
sections to check that the joint 
system fully functioned. 

ON-SITE TESTING
“Upon arriving on site in the 
Pacific, we put the ROV down to 

have a look at the field, and once 
satisfied, lowered the collector on the 
seabed from its launch and recovery 
system, all the time using the flying 
ROV to study any possible sinking,” 
said Britt Blankenaar. “ We then 
commenced manoeuverability tests 
of the collector. 

“We carried out a number of tests, 
each with increasing difficulty, starting 
by picking up some nodules. This 
was followed by integration and 
production tests. We started with 
moving the vehicle in straight lines 
and from then, making small turns 
required for obstacle avoidance.

 This progressed into larger returns, 
enabling the vehicle to drive forward, 
make a turn and drive backwards in 
the parallel path."

The final stage was actual collection 
tests which meant filling up the 
internal hopper to 100% capacity. As 
the vehicle was not yet connected to 
the riser, the contents were dumped 
through a valve at the bottom.

 “We were doing things that had 
never been done and we did 
have some setbacks," said Berend 
Lenselink. “During some high speed 
tests on the seabed, we discovered 
that the hydraulic power unit didn’t 
always react as we had expected, and 
one specific moment, the machine 
stopped. 

After restarting the forward 
movement, the slack umbilical came 
into contact with the collector. 
Upon investigation the loadbearing 
strength was unaffected allowing 
tests to continue. The next step was 
to connect the riser to the collector 
and commenced the main production 
tests. The first test was looking at how 
it operated at 100% normal capacity, 
and the second, tested it at test 60% 
for 24 hours. 

“Attaching the riser allowed us to get 
to know how to control the entire 
assembly," said Berend Lenselink. 

"Because of the length of the riser, 
there was a 20 minute lag between 
issuing a command and recording 
the response.

"We started to do some 
manoeuvring trials with the 
collector down, and discovered 
quickly, that it worked as planned. 
We did all kinds of different turns: 
U-turns, 90degs turns and contour 
mining patterns. 

"We wanted to see how much load 
we could put onto the riser, up to 
100% of our capacity and then some 
over-capacity tests to check how 
much safety we actually put in. 

"In parallel with all test runs, plume 
monitoring operations and other 
environmental monitoring actions 
were carried out.

AIRLIFT
"Air injected into the riser pipe 
pushes the nodules upwards 
towards the surface.

“We showed that we have a reliable 
and robust propulsion system of the 
collector. The pickup and processing 
was efficient and we successfully 

coordinated movement of vessel, 
riser and collector.

"We collected a total of over 3,000 
tons of nodules into Hidden Gem’s 
hold. We had a maximum sustained 
production rate of 24 kg/s and a 
maximum collector speed achieved 
of 0.5 m/s and a total distance 
driven by the collector of 83.4 km. 

"Our next stage is project zero, 
we are currently working at the 
basic engineering phase, which is 
to be finished in Q4 of this year 
and, followed by the detailed 
engineering. The work includes a 
new collector, a new riser system 
and modifications to the Hidden 
Gem. 

"Then we will complete installation 
and commissioning and testing in 
Q3 of 2025. The goal of this design 
is to reach a maximum capacity of 
3 million tons per year using two 
collectors linked to the surface by a 
single riser.

"For the first year of collection 
we're aiming a production rate of 
1.3 million tons per year with one 
collector."

UNDERWATER MINERALS
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Formed around three years ago, 
the Norwegian marine minerals 
company Loke recently acquired 
Signal Resources from Lockheed 
Martin. 

This move gave the company 
access to two exploration licenses 
in addition to a 19.9% ownership 
in the OMS Singapore license. In 
total, it now has access to more 
than 133 000 km2 of exploration 
area in the Clarion Clipperton 
Zone in the Pacific Ocean

Loke plan to explore the resource 
using AUV and ROV technology 
and has already built and tested a 
ROV sampling skid.

“For the exploitation phase, we 
are in the process of designing 
and testing a system with 
the throughput of around a 
throughput of 10 000t of wet 
nodules per day, which equates to 
500t/hr" said CTO, Tore Halvorsen. 
"This means that 2500 nodules 
per second have to be picked up 
and transported from the seabed 
to the surface vessel.

"To accomplish this sort of 
throughput and at the same time 
impose minimum environmental 
impact, we need to closely 
examine and understand all 
the potential contributions 
to environmental impact like 
sediment pick up, plume, noise, 
vibrations etc. We either need to 
eliminate these or get them to a 
significantly lower level than we 
are today.

On the technology side, we are 
building on a strong heritage from 

the deepwater oil and gas industry. 
Water depths of up to 6000m may 
be seen as a barrier. However, 
historically, the O&G industry 
managed to double water depth 
every 5 year from 1975 when 
the world record was 100m for a 
subsea well.

"Today, the robotics technology 
with ROV’s and AUV’s is already 
proven to 6000m"

SOFT SOILS
Dealing with soft soils, however, 
is an issue. The O&G industry 
has primarily been dealing with 
static conditions, where trapped 
water will provide a manageable 
foundation but in this case, the 
conditions are dynamic. 

"The seabed conditions here is a 
challenge. The upper 5 cm average 
2kPa shear strength not dissimilar 
to yoghurt. The next 10 cm are 
about 5 kPa which would be more 
like peanut butter. This means, 
that the majority of nodules are 
essentially floating on top of 
the seabed. So what is the best 
method of picking them up?

"We had a look at a number of 
historic prototypes and devices 
on the market and saw that about 
40% of all the mechanism that 
have been used are mechanical 
and other 60% are hydraulic," 
said Halvorsen.  "In later years 
the majority have been hydraulic 
and based on the Coanda nozzle 
principle.

“All we want to get out of the 
seabed is the nodules. Everything 
else is waste and has to be dealt 

with, so we wanted a system that 
only picks nodules with minimum 
sediment pick-up. Therefore, this 
really meant a mechanical system."

So, how to pick up these nodules 
efficiently?

"We evaluated and tested many 
different ways of mechanically 
pulling nodules out of the 
seabed with minimum sediment 
disturbance. We tested fingers 
sliding through the sediment, 
vibrating fingers, oscillating fingers. 
We found that rotating rake-style 
was the most efficient way of 
picking nodules out with minimum 
pick-up of sediment” said Halvorsen

Loke commissioned a research 
company to compared this method 
with full layer removal system. Their 
conclusion was that this mechanical 
method had the potential of a 
90% reduction in sediment pick-
up – and thereby plume generation 
– compared with conventional 
hydraulic full layer removal systems. 

From there, Loke developed a 
concept for a mechanical collector 
with collection head, traction 
system, hopper for the collected 
nodules and a constant feed system 
into the suction box for the Vertical 
Transportation System. 

Currently, a prototype collector 
head and tracking system is being 
tested in a test pit with artificial soft 
sediments and artificial nodules to 
verify our models and demonstrate 
efficiency performance. 

One of the concerns with a 
mechanical collection head is what 

LOKE
UNDERWATER MINERALS

Loke's vision for seabed mineral extraction
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happens when the collector runs 
into an unwanted object on the 
seafloor.

"In our design of the collector 
head, the tines can fully deflect," 
said Halvorsen. “During testing, 
we even threw, steel I-beams 
into the pit to see how it coped. 
The tines simply deflected as the 
collector continued to move over 
the I-beam."

VERTICAL TRANSPORT
A very intricate part of the 
nodule production system is the 
vertical transportation system.

We want to make sure that nodules 
entering the tool actually continue as 
complete nodules to the top of the 
production vessel and not as crushed 
‘slurry’

Nodules are transported in a mixture 
with water. Water is used as the media 
to drag nodules all the way up to the 
vessel where it is filtered and returned 
as clean water.

The sediment volume picked up at 
the seabed is so small that there is 
no need to dispose of the sediments 
through a return riser. Instead, it can 
be taken as a part of the cargo. 

There are several methods of 
transporting the nodules to the 
surface.

"We have selected an air lift system 
with no subsea pumps and one 
continuous transportation of nodules 
from the hopper on the collection 
tool, through the jumper and riser 
and up to the deck" said  Halvorsen. 

An air lift system will require 
collapse resistible flexible jumpers. 
Such a jumper will be stiffer than 
a conventional hose which again 
will impose additional forces to the 
collection tool. 

"We have performed a number of 
analysis to verify the forces that 
acts on the tool. And again we 
found that we are well within the 
requirement for the tool on the 
seabed.

"The other area we looked at 
was what kind of tracking pattern 
should we have. Should we have 
two small tools or one large tool? 

"We need 10-meter collection 
width to collect 10,000 tonnes 
per day, running at 0.7 meters per 
second. We could use a single 10m 
wide tool covering the complete 

collection corridor, or two 5m tools 
each covering half of the collection 
corridor.

"Assume that the tools cannot 
collect during the turns,a single tool 
will yield higher collection efficiency 
than two smaller tools. 

"Our analysis shows that a single 
tool has a collection efficiency in the 
90% range, depending on the path 
width, whereas a dual tool system 
is down to a 70% efficiency in the 
collection rate.

"So we don't have to go very deep 

in the search for nodules. 95% of the 
nodules are found in the upper 5 cm 
of the seabed

"We experimented by varying the 
distance between the tines and 
discovered that if we offset two rows 
of tines, it is possible to accept a 
much larger distance between them. 
That affects the diameter of the 
nodules we can pick up. 

"So the only disturbance we do is 
actually by running strings several 
times through the mud. We have no 
planned disposal of sediment behind 
the tool."

UNDERWATER MINERALS

Feeding the surface facilities Seafloor extraction system
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FLOATING SOLAR

Wind harvesting technology was pioneered on land and 
subsequently moved offshore where it was able to enjoy 
significant new advantages. Floating photovoltaic (FPV) 
technology is now looking to travel the same direction. 
It is based on incorporating solar panels on floating 
structures and mooring these on water bodies such as 
lakes and oceans.

FPV technology offers numerous advantages over 
conventional land-based solar panels, particularly in 
areas where land is scarce or needed for other critical 
purposes, making it a valuable solution for densely 
populated regions.

One notable benefit of FPV systems is their deployment 
in areas with limited land availability. By utilising the 
water surface, these systems can generate more energy 
as sunlight reflection amplifies the amount of light 
reaching the solar panels. Moreover, the presence of 
water underneath the panels provides a cooling effect 
on the electronics, enhancing their overall performance.

In certain situations, FPV systems also contribute to 
water conservation efforts. By reducing evaporation 
rates, particularly in arid and semi-arid regions where 
reservoirs are prevalent, these systems help conserve 
precious water resources. Furthermore, they protect 
drinking water from the harmful effects of direct 
sunlight, such as the formation of algae blooms and 
unwanted weed growth, which can adversely affect 
water quality.

Deploying FPV systems, however, comes with its own 
set of challenges. The panels require robust platforms, 
typically floating ones, to accommodate the fluctuating 
water levels. These platforms must exhibit durability and 
resistance to corrosion given their constant exposure to 
water and harsh environmental conditions.

An advantage of floating systems is their relative ease 
and cost-effectiveness of installation compared to 
ground-mounted solar panels. They eliminate the need 
for extensive civil works, such as land grading and 
foundation construction, making them a more efficient 
option.

ADVANTAGES OF FPV TECHNOLOGY

FLOATING SOLAR
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The global floating solar market is expected 
to pass the six-gigawatt (GW) threshold by 
2031, as PV developers struggle to meet 
growing solar demand and look to alternate 
development technologies.

“The global solar industry, including PV 
developers, continue to battle limited land 
availability and increasing land costs for 
ground-mount solar projects, which is driving 
demand for floating installations,” said Ting 
Yu, consultant at Wood Mackenzie, at SNEC PV 
Power Expo in Shanghai.

Floating solar is expected to have a steady 
market share compared to overall global solar 
demand, with the compounded annual growth 
rate (CAGR) for floating solar (FPV) expected 
to rise 15% in the next ten years. 15 countries 
are forecast to exceed 500 megawatts (MW) 
of cumulative FPV installations by 2031, with 
Indonesia, India and China making up almost 
70% of the total FPV demand in 2022.

“Despite development costs of FPVs ranging 
between 20-50% higher than comparable 
ground-mount projects, increased 
competitiveness in the developer and EPC 
landscape is helping to drive down costs in the 
sector,” Yu added.

The Asia-Pacific region continues to lead the 

demand for floating solar

The Asia-Pacific market had 
approximately 3GW of floating 
solar projects in 2022, capturing 
over 90% of floating solar 
demand that year. Countries 
such as China, Indonesia, India, 
South Korea, and Thailand are 
developing multiple floating solar 
projects, according to Wood 
Mackenzie analysis.

In China, the floating solar 
project pipeline will grow at a 
steady pace going forward, with 
cumulative floating solar capacity 
to cross 13GW by 2031 at a 12% 
CAGR over the next 10 years.

“China will continue to lead in 
floating solar installations. The 
country has been able to utilise 
flooded coal mines that have 
been decommissioned to develop 
floating solar,” said Yu.

EUROPE BECOMES SECOND 
LARGEST REGION FOR FPV 
DEMAND
With almost 150MW, Europe is 
the second largest region for FPV 
demand, with the Netherlands 
in the lead followed by France. 
More countries are adopting the 
technology as multiple land use is 
being enforced in regions across 
Europe.

The Netherlands has the largest 
FPV project outside the Asia-
Pacific region, representing 32% 
of Europe’s FPV market in 2022, 
helped by the Sellingen floating 
solar park (41.4MW) that came 
online in 2021. This reflects how 
project sizes are continually 

Xfloat has been awarded a $1M BIRD Energy grant, together with its US 
partner, RETTEW Associates to build the first pilot installation of its FPV tracker 
system in the United States. The BIRD Energy program, funded by the US 
Department of Energy (DOE), Israel’s Ministry of Energy (MoE), and the Israel 
Innovation Authority, supports joint US-Israel innovations in renewable energy 
and energy efficiency with significant commercial potential, which can improve 
economic competitiveness, create jobs, and increase energy security. 

Xfloat hasa a proprietary hydrostatic system of controlled buoyancy tanks, 
arranged in a grid of connected vessels, controls the rotation of the PV tracking 
tables in unison, by +/- 60 deg on a single axis. The system uses no motors 
or hydraulics. Instead of using gears to tilt the PV panels, it uses a flexible, 
hydrostatic positioning mechanism. XCB damps and absorbs the powerful 
external forces exerted on the array, and controls aeroelastic instabilities

The solid structure of 
the Xfloat array can 
be adjusted to resist 
waves of different 
strength and fetch 
length. Its integrated 
design enables 
coherent single-axis 
movement along each 
entire row of modules.
Far fewer anchoring 
and mooring cables 
are needed, creating 
numerous operational 
advantages and 
reducing costs.

XFLOAT

growing in Europe’s leading market.

“Although it is still a small market in 
Europe, the trend is positive, and 
bigger floating PV plants are expected 
in the near future. After 2025, slow 
growth is projected as the main spots 
would have already been developed 
at this point. In addition, grid 
constraints and higher LCOE for bigger 
plants means the technology is not 
competitive against rooftop PV,” Yu told 
delegates.

THE US SEES FPV GROWTH
For the US, floating solar CAGR is 
estimated at roughly 13% over the 
next 10 years, where development 
is being driven in regions with high 
demand for solar but expensive land 
costs, including California, Florida, 
and New Jersey.

“Overall, the floating solar industry 
has seen high costs across all market 
segments, due to component costs 
and other soft cost increases, as a 
result of supply chain constraints."
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Within the next three decades, it is 
anticipated that overall electricity 
demand will more than double to 
60,000 TWh. This demand will have 
a considerable effect on the supply 
side which is itself undergoing the 
uncertainly of transition. At present, 
around 25% of global electricity is 
supplied by renewables. 

In a report entitled The future of 
floating solar: Drivers and barriers to 
growth, DNV estimates that mid-
century, a significant proportion of 
power consumed– maybe as much as 
82% will come from renewables with 
photovoltaic (PV) systems providing 
the highest share. An increased share 
within the PV systems category is 
likely to come from floating systems 
(FPV). Last year, an estimated global 
installed capacity exceeded 3 GW 
although to put into perspective, 
this is less than 1% of the total PV 
capacity. 

"There are a number of issues with 
terrestrial PV," said report lead author, 
Thomas Horschig. "Many places can 
benefit the technology but there 
is not always room for the arrays. 
In big cities such as Hong Kong or 
Singapore, for example, the cost 
of land is extremely high but even 
elsewhere, the arrays often have 
to compete with other usages (e.g. 
agriculture, settlements). Conversely, 
FPV can often be combined with 
other productive uses of water bodies 
such as water treatment, irrigation, 
hydropower generation and storage."

"The installation of FPV systems 
on water bodies can have other 
beneficial effect such as reducing 
water evaporation rates, helping to 
save water -something especially 

which make up the floating structure itself (e.g. HDPE 
pontoons, metallic rafts, walkways, etc.) are a cause of 
failure. This has encouraged the industry to learn from 
issues encountered in operational projects with the 
eventual aim of reducing costs and Increasing design 
reliability. 

“The matter becomes even more relevant when looking at 
sites with a complex bathymetry or with consistent water 
level variations such as in hydro-dam applications. 

"The main technological concerning the floating structure 
(often referred to as “floats”), relate to its durability 
when exposed to environmental loads and fatigue for the 
intended lifetime of the structure."

Despite the majority of the materials used in FPV being 
already widely used in other industry segments, the 
performance and reliability in this new application is still to 
be proven. Environmental stresses and loads, such as UV 
degradation, corrosion of materials, extreme loads, and 
cyclic loads due to wind and waves, can lead to issues and 
failures in the medium/long term."

With the growth of the FPV sector, different and innovative 
concepts for the structures are continually being 
developed, with different layouts and types of materials. 

The sector, however, suffers from a lack of clear testing 
procedures and testing requirements impact on the quality 
assurance processes, and this poses a further threat to the 

THE  FUTURE  OF  FLOAT ING  SOLAR
DNV HAS COMPILED A REPORT ON THE DRIVERS AND BARRIERS TO FPV GROWTH

FLOATING SOLAR

useful in areas of water scarcity. It can also share common 
infrastructure with other utilities."

MOORING
FPV projects sometimes fail and the mooring system has 
been identified as one of the main causes. This is due to its 
inherent complexity. 

Compared with other types of floating and/or offshore 
structures (floating wind turbines, oil and gas platforms, 
ships, marinas), the structures used for FPV typically have 
lower load capacity at the connection point between the 
flotation body and mooring line. This means that they require 
a higher number of lines (and anchors), with more distributed 
loading. This in turn increases the complexity of assessing the 
load and response of the structure, both from a design and a 
numerical modelling perspective. 

"FPV installations generally experience much lower wind 
loads than large turbines or oil and gas platforms," said 
Horschig "but the high number of interlinked components 

acceptance and bankability of this technology. 

“There are also other aspects of FPV safety and reliability 
which should not be overlooked, such as the electrical 
design. Electrical safety is a crucial aspect in every PV 
project, and normally covered by a set of international 
standards (IEC, UL, etc.).

" In FPV projects, however, there is still a lack of specific 

Source: DNV, 2022

Floating solar panels

Floating solar  
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electrical standards to be used for the design and selection 
of components. It is therefore crucial to perform an 
accurate risk assessment and to carefully design the 
electrical system for an FPV project, especially concerning 
water ingress, risk of immersion of components (cables, 
connectors, etc,), cable management and earthing. Poor 
cable management and a poorly designed electrical layout 
can easily lead to electrical failures, short circuits and 
potentially fire. 

While challenges are faced by inland water bodies 
application of FPV, they are even more critical for the near-
shore and offshore FPVs, considering the higher costs and 
harsher environmental conditions expected in offshore 
locations. In addition, salt water installations will be more 
exposed to corrosion. 

LCOE
The levelised cost of electricity (LCOE) of floating solar 
is dominated by capital expenditure (CAPEX) while the 
operating costs (OPEX) being approximately 20% of the 
levelised costs. The main driver for continued growth 
is that unit investment costs – around 1.2 USD/Wp, 
will decrease significantly with every doubling of FPV 
installations globally, until potentially reaching 0.65 US$ /
Wp in 2050.

 Currently the global average LCOE for FPV is 65 US$/
MWh and it has been observed as low as 45 US$/MWh 
in highly cost competitive markets in Asia.

The largest CAPEX components includes the PV module 
and structural components such as the floats, mooring 
and anchoring. 

It is expected that the LCOE for FPV will generally 
remain higher than ground-mounted solar PV, but in 
some cases such as areas with high population density, 
where land is scarce and where land costs are higher 
than the costs of the water body, FPV may have lower 
LCOE.

"The industry is in development and there is room to 
improve system design and design methodologies " 
said Horschig. "There is a need for standardisation in 
the FPV industry, especially for floating testing and for 
design methodology of mooring and anchoring. 

"Manufacturers, project developers, investors, lenders 
and insurers will benefit from having recognised 
international standards where there is a clear 
methodology to ensure safe and reliable operations of 
FPV for the lifetime of the projects. 

"With increased confidence in FPV, 
more projects will be developed, and 
the costs will be reduced."

One potentially interesting 
application will be in the large areas 
between the wind turbines where 
infrastructure can be placed.

With offshore wind systems comes 
improvements in offshore grid and 
storage infrastructure. These can 
be designed with sufficient excess 
capacity to also support later 
additions of solar power. 

FLOATING SOLAR

Such integrated energy systems 
may provide a significant upside in 
terms of OPEX due to synergies in 
infrastructure, labour and vessels 
for inspection and maintenance 
operations. This means that overall 
LCOE of the system will decrease.

"Reducing cost is the key success 
factor for making near-shore 
exposed and offshore floating PV 
commercially viable," said Horschig.

"Due to the loads from waves 
requiring reinforcement, the 

Belgian companies DEME, Tractebel 
and Jan De Nul have developed 
SEAVOLT, a new offshore floating 
photovoltaic (PV) technology. 
SEAVOLT can withstand harsh 
offshore conditions while creating 
large surfaces that are protected from 
the waves. 

The modular design allows for easy 
adaptation to different sites and 
demands. Benefits include local 
renewable energy production and 
the possibility to install the panels 
in offshore wind farms (where 
local authorities permit multi-use 
concessions). Another advantage 
is the addition of large volumes 
of renewable energy capacity in a 
relatively short time.

The partners, together with Ghent 
University, started the VLAIO-funded 
research project MPVAQUA (Marine 
PV Aquaculture) within the frame of 
Blue Cluster four years ago. A marine 
floater concept was developed 
together with initial research on 
effects on the marine ecosystem, 
integration of aquaculture, and a 
financial assessment. Following 

structures will inevitably be more 
expensive per Wp than in-land 
applications. 

"As the offshore technology is 
currently at R&D stage with only 
small pilots installed to date it is 
expected that we will see significant 
cost reductions as projects scale. 
Factors such as financial support 
mechanisms, improved design 
requirements and risk reduction 
premium as experience increases 
will also contribute to reducing 
costs."

laboratory testing, the partners are 
currently developing an offshore test 
installation which will be launched off 
the Belgian coast in summer 2023. 

Furthermore, in collaboration with 
RBINS, parallel tracks focusing on the 
ecosystem, the environment and cost 

effectiveness are being launched 
with the support of the Energy 
Transition Fund and the Federal 
Relaunch Fund.

 The “magic” 1-TW milestone of 
installed capacity was reached in 
last year..

S E AV O LT

Floating solar  
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Norwegian company Ocean Sun has 
devised an ingenious floating solar 
array design based on a proven hull 
form commonly adopted by the 
Norwegian inshore aquaculture 
sector. The company plans to install 
the latest version in Singapore, 
Greece and Spain within the next 
year.

Aquaculture is a very established 
industry in Norway. The fish–
typically Atlantic Salmon and 
Norwegian Fjord Trout– are grown 
in the clear cold waters of the fjords 
in pens, large torus-shaped moored 
flotation structures with nets 
cascading down. These structures 
are common in coastal semi-
sheltered benign waters, small lakes 
and reservoirs largely protected 
from impact from wind and waves. 

Ocean Sun has used the same 
high-density polyethylene ring 
shaped collars but have dispensed 
with the nets. Instead, stretched 
over the surface, is a fabric tension 
membrane which makes the 
entire structure resemble a Lily 
pad or drum. Positioned on the 
tension membrane, are strings of 
solar panels. The design allows 
for number of these discs to be 
connected together to form large 
solar power plants.

Many solar structures involve 
tilting the panels at an angle 
or progressively turning them 
towards the direction of the sun 
for maximum exposure. This is 
problematic at sea because if they 
tilt from the horizontal, these solar 
modules can act as small sails. This 
generates significant drag which has 
to be compensated in the mooring. 

,

Instead, the membranes are laid 
flat, on the water surface. This 
confers specific advantages.

The membrane has much the same 
effect as 'oil on troubled water', 
calming the sea and preventing the 
breaking of waves. Only large swells 
travel across, under the membrane. 

The membrane is relatively thin – 
less than 1 mm in thickness so being 
in constant contact with the water 
means that it is always cold. Any 
unwanted heat generated in the 
production of electricity, therefore, 
is dissipated into the water, resulting 
in a much better voltage yield.

The fabric waterproof membrane 
captures falling rain so automatic 
bilge pumps divert this for 
consumption or for cleaning of salt 
stain at sea. On inland reservoirs 

it effectively hinders evaporation of 
precious fresh water.

“One problem that many floating 
solar operators have been 
experiencing, is the bird excretions 
that tend to cover these remote 
structures over time," said Børge 
Bjørneklett, Founder and CEO of 
Ocean Sun. 

"We favour using exactly the same 
system that the agriculture industry 
employs – keeping bird predator 
mechanisms such as kites or hawks. 

"We discovered that in one trial 
system in Albania, the only avian 
were migrating birds that wouldn't 
want to settle anywhere near 
predators. Another idea is to use 
transparent or semi-transparent lines 
to interrupt flight but not hurt the 
birds.

SHAPE
Even a cursory analysis of the market 
shows that most FPV structures are 
square or rectangular rather than 
circular. 

“We have found that the structural 
performance of the circle is superior 
in this application, because with 
their long sides, rectangular shapes 
characteristically orientate with 
wind or wave directions and at some 
point, the loading becomes locally 
very weak towards the broadsides," 
said Bjørneklett. 

"A wheel shape, however, has a very 
favourable load distribution and as 
such, requires much fewer mooring 
lines. These can also be shared 
between discs within the array.

"We tend to use catenary rather than 
taught leg moorings. The latter has 
proven to be problematic especially 

in hydro dam applications because 
of the dramatic level variations on 
the lakes, which possibly can be 

up to 30m. This would require an 
(expensive) elastic component in the 
mooring. 

FLOATING SOLAR

OCEAN SUN
A solar disc-shaped structure

Panels linked to wind 
farms and sharing 
infrastructure
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"One common mooring pattern we 
use is a four-ring assembly arranged 
in a diamond shaped spread. The 
result is a structure characterised by 
a high speed of installation and sea 
worthiness. While they are designed 
for relatively benign conditions, 
we have had systems in the in the 
typhoon belt of the Philippines, 
directly facing category four storms 
(with wind speeds of 275 km/h). 

"Another feature is the easy 
transportation of the membrane, 
which can be folded and rolled up 
inside a single 40ft container. The 
bulky floats or pontoons that are more 
commonly used by most competitors, 
take up a huge amount of space in 
the transportation containers because 
they are blow-moulded. 

"We are also looking at using the 
system in association with other 
renewable technologies. In one 
research installation in China, lying 
30km offshore from Shandong, we are 
experimenting with connecting it to a 
wind turbine. There are advantages of 
using more than one energy capturing 
device on the same permit, which 
is why we are also looking at dual 
tandem operation with hydropower 
dams.

"In a sense, the dam acts as a battery. 
Within the wind turbine, there is 
an over-capacity in the transformer 
(inside the monopile), so it can both 
operate under steady strong wind and 
solar at the same time. 

In the turbine, the transformers are 
5MWp while each floating solar disc 
produces only half a megawatt, so 
there is spare capacity. The two test 
discs we deployed have since been 

taken ashore but will possibly be 
replaced with a single, larger and more 
ruggedised disc.

“The largest solar disc we can produce 
today is 700 kilowatts (0.7MW) 
installed power but actual energy 
production is a function of the time of 
day and the amount of Sun hours at 
the location, and that differs a lot. In 
Norway, we have about 800–900hrs 

FLOATING SOLAR

while in southern Europe can have up 
to twice the radiation. 

"It is also a function of latitude. 
Because the panels are horizontal, 
they are best located at the 
lower latitudes where the sun is 
more overhead but they are also 
advantageous further north where 
the cooling of the solar modules gives 
a stronger input to the yield."

In 2009, while visiting the islands of the Maldives, the principals of Swimsol 
were inspired to create a floating solar solution that would take the solar 
power beyond the limitations of land. In 2014, after more than four years 
of research in cooperation with the Vienna University of Technology and 
the Fraunhofer Institute in Germany, the company launched the SolarSea. 
Moreover, they succeeded in making it less expensive than diesel-
generated electricity.

Today, the company has developed an expertise in island micro-grids and 
heavy-duty tropical solar PV systems.

SWIMSOL

SolarSea at a fishfarm in Chile
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SMART SUBSEA SOLUTIONS

Delivering data in most adverse conditions: underwater 
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