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The publication this year of a European Union report1 on tidal energy
signalled a growing sense of urgency regarding timescales in our
industry. After many years of slow-burn development, we are finally at a
point where devices are in the water and working well.
The logos of major engineering firms adorn the machines now
operating at leading test beds such as the European Marine Energy
Centre (EMEC) and the Fundy Ocean Research Center for Energy
(FORCE). Few doubt that most of these machines will soon be sitting in
seabed arrays and demonstrating the true potential of tidal within the
marine renewable energy mix. But we are not there quite yet.
As the Strategic Initiative for Ocean Energy report highlights, there
are still hurdles to be overcome in reaching the final goal of full tidal
commercialisation. These span four areas: financing, consenting, grid
connecting and technology. Some of these areas, such as consenting
and grid connections, clearly require input from regulators and policy
makers. But there is one area where the industry will have to manage
on its own.
Minimising technology risk is entirely a challenge for tidal developers
and original equipment manufacturers (OEMs). And is this not a trivial
issue. Without reliable and affordable technology, it is difficult to see
how funding parties will step forward to support the industry, nor why
regulators should create favourable frameworks.
In fairness, tidal technology has come a long way in recent years.
The early trial-and-error days of the industry, which saw devices and
developers alike failing to cope with the forces at play, seem largely
behind us. Growing experience and better knowledge of the world’s
top tidal environments has spawned a generation of technologies that
seems reasonably likely to deliver on its promises.
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But let us not forget that these machines are still early prototypes, with
short operating records and high build costs. Their encouraging early
results have yet to be backed up by volume cost reductions. Longterm operations and maintenance (O&M) costs and issues are largely
unknown. And if there is one thing we have learnt about tidal flows, it is
that they are far from easy environments to work in.
In the run-up to this year’s International Tidal Energy Summit in
London, where the theme is ‘The Path to Commercialisation: Moving
Beyond Independent Projects and Developing Solutions to Build an

1 Strategic Initiative for Ocean Energy, June 2014: Wave and Tidal Energy Market Deployment Strategy for Europe. Available from www.si-ocean.eu/en/upload/docs/140037-SiOcean-report-web.pdf
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Industry’, we thought it vital to get clarity in this area. We are grateful
for the participation of three experts, representing a spectrum of
knowledge across the industry, for their contributions.
What follows is a brief review of where technological developments
are occurring, how key tidal suppliers are contributing to technology
advances, and what is critical in terms of the successful deployment of
new technologies.
We hope this report will go some way to promoting awareness of
technical excellence within the global tidal community, along with its
ongoing commitment to deliver reliable and affordable solutions.
The contributors to this report are three experts with a range of
perspectives on tidal technology development.
Steven Jermy is project coordinator for the HF4
Tidal Energy Vessel at Mojo Maritime, one of UK’s
leading marine renewable energy consultancies.
A former naval officer, with more than 30 years’ offshore experience,
he has a BSc in Applied Maths and Physical Oceanography. He is a
Chartered Marine Technologist and a Fellow of the Nautical Institute
and the Institute of Marine Engineers, Scientists and Technologists.
Niels A Lange is manager of the Josef Becker Research
Centre of the SCHOTTEL Group. In November 2011, he
joined the Research Centre of the SCHOTTEL Group as
an assistant to the CEO. He coordinates the development of the
SCHOTTEL Tidal Generator STG 50 and the TidalStream Triton
platform. He is a non-executive director of TidalStream and business
development manager of Black Rock Tidal Power.
Jim Marnoch graduated from Robert Gordon’s
University, Aberdeen, in 1985 with a degree in
engineering technology. He has more than 27
years’ experience in the field of maintenance and reliability engineering
consultancy and condition monitoring services, primarily delivered to
the upstream offshore oil and gas sector. In 2012, he moved to a new
role within SKF, as ocean energy manager.
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In the context of the
huge forces at sea, the
severe tides and the ‘tidal
window,’ what is critical
when developing marine
technology?

Steve Jermy: I think the turbines are there or thereabouts. We’ve just
put the Voith turbine in and it’s working pretty well. It’s a solid turbine.
I think the big issue really is foundations and the installation vessels
to support those foundations. There’s a big debate still in the industry
about gravity base versus pile.
We’re very much in the pile camp, but I honestly don’t think the
decision will be finalised until we have got a few arrays in the water.
We’ve done the mathematics and we think pile works much better for
any installation of any size, 40MW and beyond. What will be the key
decider will be the cost of the foundation. Gravity base is likely to be
much more expensive because there is more steel in them.
I think the second issue is installation vessels. At the moment we have
got anchor handlers, which aren’t up to the job. We’ve got jack-up
barges. We don’t use them anymore because we had a really bad
experience using one in EMEC. So in our view they are not safe. You’ve
got moored barges. That’s fine with perhaps a single installation.
But if you have got lots of cables underwater there is lots of risk
associated with them. That leaves you with offshore construction
vessels, dynamic positioning vessels, and they top out at about four
knots. So if you’re in a 10-knot tidal site you just can’t use them. That’s
why we are focused on the ship. We’ve got a ship which can work,
dynamically positioned, for up to 10 knots. A little bit above that, in fact.
If you’re chartering an offshore construction vessel for GBP£25,000 a
day and it’s then idle for 20 of those 24 hours, then that’s not very good
economics.
Niels A Lange: My general answer would be that coping with these
forces starts with the design concepts. If the basic setup of your device
already allows for keeping forces on individual structural components
low, by its shape or by its appearance or by its compliance, then this is a
very important first step to keep the forces as small as they can be. This is
one of the major advantages of tidal energy compared to wave energy.
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In wave energy you need to go where the forces are biggest. Here you
can use a clever design to minimise the forces. We follow a platform
approach. Our platform has a design which is less affected by waves
than other, floating platforms. That’s what I mean by basic design,
or design principles. The shape or the basic layout of the device
determines the forces that you need to cope with.
On the individual turbine, of course, the forces are rather similar,
because you are having to harvest the flow. In that sense you need a
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design certification that is as good as you can get. The crucial thing is
to understand the environment, and then you can design for it.
Jim Marnoch: We’re designing fit-for-purpose main-shaft, bearing
and sealing arrangements that can withstand high axial forces from the
tides. As most people know, it’s not just a simple case of putting a wind
turbine on the seabed and hoping for the best. There are significant
differences.
We’re taking our knowledge and experience from synergistic industries,
particularly wind but also marine oil and gas, or hydro, and customising
what we already have. That’s quite important. We’re designing robust
sealing and bearing arrangements for pitch mechanisms. I guess it goes
without saying that sealing is absolutely key. In simple terms, we need
to keep the lubricant in and the water out.
Obviously if the water gets into the nacelle, it’s basically the end for most
of the components, so that’s quite key. Avoiding contamination of the
environment is also important. Developers, during the prototype testing
phase, will be constantly reviewing measurement data and retrieving the
machines say every two years for inspection, but ultimately will want to
have the machines performing in some cases up to six and a half years
between retrievals, with 20 to 25-year component life.
So we are using our experience from synergistic industries. We are not
starting with a blank sheet of paper. We are using what we have already.
But you’ve got to recognise that there are differences. The obvious one,
of course, compared with a wind turbine for example, is the density of
the water, which is 840 times that of air. This is a significant factor.
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Survivability, reliability and
increased performance are
central to the sustainable
development of tidal power.
What are you going to do to
make a difference in these
areas and how will it affect
the cost of energy?

Niels A Lange: In terms of reliability, we often talk about redundancy.
And redundancy in principle increases the cost of the device and
therefore the cost of energy. However, we are following a multi-turbine
approach, so if one or two turbines fail we don’t really care because
that’s the redundancy we have. The individual device is pretty costeffective. Pretty cheap, you can even say.
If one or two of 36 devices fail, then the overall availability or the
overall production of the plant is still high. That’s again a matter of
design principles. Talking about cost of energy, the resource is for free.
The flow is there. The question really is to minimise opex and capex in
order to harvest this energy, which is for free, for the lowest possible
price. Your design needs to be driven by the economics.
There are things you can do in terms of engineering and materials,
making everything more robust and heavier. That is something you can
do to make things more reliable. But it might be over the top compared
to a more clever approach.
Jim Marnoch: For me, survivability is more about structural integrity in
the harshest of environments. It’s fair to say we are more focused on
reliability and performance side of things. Reliability is key. Obviously
you want to avoid unplanned interventions and retrievals, or costs.
Unplanned means, as in any industry, high cost because you are having
to deploy labour and equipment and spare parts and vessels at very
short notice. That needs to be avoided at all costs.
From a reliability perspective you want to avoid component failures.
Component failures in themselves can be expensive. But, as you find
in other industries like oil and gas, component failures can also lead to
secondary damage to periphery components.
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Because you have got these machines mostly located on the seabed
they are not as accessible as a wind turbine, so predictive maintenance
and condition monitoring systems can provide useful early warnings of
developing faults. To have a useful warning time to plan and react is key.
I always refer to the well-documented reliability-centred maintenance
studies conducted back in the ‘60s, where Boeing showed that 89% of
failures are random in nature, so they are not time-dependent.
What that means is when people do planned maintenance it may not
be that effective and in fact may cause more problems than it actually
solves. So condition monitoring is really quite key for the tidal industry,
I feel. The condition monitoring system is installed within the nacelle
and has to be reliable itself and function correctly between retrievals,
otherwise operators start to run blind.
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Steve Jermy: It is such early days that it is difficult to say. To my mind
we need to get arrays of 10 turbines in the water and get our O&M
strategies working to find out. It is a bit like wind. Generally speaking
I think the advantage you have got in tidal is you have a pretty good
understanding of the upper weather limitation.
You know with absolute certainty the maximum speed the turbine has
got to cope with, in terms of stream. You have got an instantaneous wave
speed on top of that. The turbines will just need to be got into the water.
There are quite different views about how you cope with the reversing
flow. Some people have a swivelling head. Some have swivelling blades.
And others have fixed blades. I don’t know which is the answer.
As regards the rest of the infrastructure, the balance of plant if you like,
my guess is the cables will be the issue. Cables have been an issue in
wind. But again, it’s a guess, really. In offshore wind, cable installation
amounts to 80% of all the downtime. The tidal sites are generally much
more demanding and will be much more demanding on cables than the
offshore wind sites, just because of the tidal streams.
One thing the tidal energy has got is much higher power yields. The yields
on average should be much higher than wind. When people realise that
then they are really going to sit up and notice. To my mind, the target is
getting your capital costs and operating costs down to those of offshore
wind. That should be our target. If we get that, then we win on yield.
Even a 3m/s tidal farm will produce more yield than an average wind
farm at the same location. We just have to target those costs. I always
compare us to offshore wind because it helps the financiers. But it’s not
going to happen overnight. I should think we’ve got five years, really.

Realistically, what timeframe
do you work to in order to
get through the research,
development and testing
phases and reach the point
where your technology
can start making an active
contribution to the tidal
industry?

Jim Marnoch: Based on our experience, from first engagement with
our target customers, I’d say 18 months to two years between initial
contact with the OEM or technology developer to actually delivering
our solutions. Over this time we build the relationship with their design
team, gaining their trust and commitment to work with us on a longterm basis. Sometimes there are certain hurdles to overcome in terms
of contracts, terms and conditions, warranties and so on, but on the
whole these can be resolved.
You find the larger OEMs have well-defined processes for supply
chain and procurement that can slow things up a little and there is an
expectation that suppliers take on a lot more risk than they normally
would, this being reflective of the fact it’s an emerging industry.
Indeed, the OEMs themselves are having to take on more risk with their
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customers, the power companies, so I guess they are keen to share this
risk and pass some of it down the supply chain.
That’s 18 months to two years from convincing them we should be the
ones to work with when it comes to, for example, main shaft bearing
design and the periphery components, to delivering the first prototype
solutions and them actually arriving on their doorstep. This timescale
should be come shorter as experience and knowledge is gained. Taking
a global perspective, we believe the industry is around two years
behind where it said it would be at this stage. That said, progress is
being made, albeit at a slower pace. I believe that this is reflected in
some of the comments from people like Peter Fraenkel [founder of
Marine Current Turbines].
If suppliers coming into the tidal sector expect to make good profit
from day one, then this is probably an unrealistic expectation. There
needs to be an appreciation that it is an emerging sector and you
need to invest now with little return to have a chance of reaping the
benefits in years to come. You have to be patient as progress has been
slow though some of the major developers are building their full-scale
prototypes and will assemble these next year, which is encouraging.
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For small-scale arrays, I’d probably say, realistically, 2017 onwards.
Large-scale, we’re looking at 2022 onwards.
Steve Jermy: At the moment we’re still in single turbine deployments. The
first multiple ones won’t happen next year unless Tocardo gets something
in, and I don’t think they will. It’s 2016 when everything is starting. You’ve got
installations by MayGen. Raz Blanchard of France are planning those same
dates. So that, to my mind, is when we’ll actually see pilot arrays starting.
I estimate a couple of years of pilot arrays and then, if we’re successful
in 10MW, we’ll see the commercial arrays after that.
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Niels A Lange: My view on the entire industry is that most other
technologies apart from our own rely on the fact that they need to
scale up in terms of having multi-megawatt arrays before they can
become commercial. In terms of the infrastructure cost that probably
is true in any case, because putting in one or five sea cables is probably
the same cost, basically. In that sense, up-scaling is required.
In terms of the device cost, for other developers the same thing applies.
They will hopefully come down with their costs if they build hundreds
of units. However, we claim that our first demonstrator project in Bay
of Fundy will already pay back its cost. That’s based on the great feedin tariff which we have in Nova Scotia. However, that’s the same feed-in
tariff for all developers there. Our project there will be profitable.
It will be deployed in two years’ time.

What will you take
responsibility for in terms
of bringing technology to
market and reducing the
cost and risk associated with
innovation and subsystem
development?

Steve Jermy: The answer for us is the ship. We’ve got something that
we think can reduce the cost of installation from about four or five
million to about a million. That’s a pretty big jump. We’re happy to take
responsibility for that, but we just need a bit of help in funding it.
It’s about the key stakeholders, which is industry, government and
what I call the quasi-government institutions, like Carbon Trust, Green
Bank and so on, taking a more active role in helping the industry make
the leap. If you ask me for one expression that summarises the whole
thing, it’s ‘risk capital’. The government is, by default, assuming that the
market will sort it all out.
The problem is that there are finance houses that look at these projects
and it’s the Wild West, technologically. It’s extremely high risk. You can’t
blame them thinking: ‘Well, we’ll just wait a bit until we start to see it work.’
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We need a Manhattan Project approach, or a NASA approach. It’s not just
strike rate we need, because strike rate is money in the future. Really, it
is risk capital in the present, because that is what really helps people out.
We’ve got a ship to build and we know it can make a huge difference.
Niels A Lange: Our first demonstrator project claims to be profitable
on its own. Apart from the fact that we are convinced our technology is
cost effective anyway, it’s also driven by the fact that a company of our
size, SCHOTTEL, with €300 million turnover, is not capable of spending
a fortune in this technology.
However, compared to our company size we still have a very high
commitment to this demonstrator unit because we pay for it on our
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own before it starts paying back with the feed-in of energy. So for our
project that’s a pretty high commitment.
Unlike what we are used to with our core product, ship propulsion, the
future customers, project developers and especially utilities, expect
the developers to take this pretty far down the road before anyone
thinks about buying this as a customer. Any developer that thinks about
utility-scale projects needs to take a high risk.
Jim Marnoch: When SKF first started to get involved in the sector, a
question often asked was “do you want to become an investor in our
company?” But this is not really what we’re about. We’ll not take equity
stakes individual companies; this would be a conflict of interest and
we want to remain impartial. We want to work with all companies that
have promising concepts, are a good match for our technologies, and
who are likely to reach full commercialisation. Our investment is about
time and effort providing engineering support to customers, really
helping them optimize the design of their machines.
We have several solutions from other sectors we believe are relevant,
that we can build upon, though most if not all require a level of
customisation. We might have over 4,500 condition monitoring
systems fitted to wind turbines but we have little experience on tidal
turbines. We want to work with and learn in tandem with developers.
We will take responsibility for solutions associated with drive train,
bearings, seals, lubrication systems, mechatronics, services and
condition monitoring, and we have the capability to combine these into
a holistic, black box-type solution.

Delivering reliable and
cost-effective technologies
will be paramount to the
ultimate commercial success
of the tidal industry. What is
the single biggest challenge
in doing so, and how do you
plan to tackle it?

Niels A Lange: In terms of the industry, we really see potential and
need for cooperation. That’s starting to be done in Fundy. There is
an initiative between the berth holders and Fundy Tidal Inc, which is
another local, community-scale developer there, to talk. It’s started
already, in terms of workshops to identify, first, areas of cooperation.
Then further down I think we as berth holders at FORCE will team up on
certain things which are now to be defined, for example geotechnical
surveys, O&M facilities and environmental monitoring. It’s all things that
all developers at this stage of the industry can really share; share costs
and risks. That’s good for everyone, I think. In terms of environmental
monitoring, for example, that’s pretty much common to everyone.
Geotechnical surveys pretty much depend on the technology that
you have. You profit in any way from that, but the amount can vary
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very much. But it’s at least 10% of the project costs. In the end, that’s a
lot of money. The French coast may be different, but in Scotland and
Bay of Fundy, vessel availability is a real bottleneck, for example for
geotechnical surveys and for installation work.
This is really something where I think many or most developers did too
much on their own, instead of cooperating. All this does not affect your
competition, really. It’s a profit for everyone. And then you have a clear
basis from which you start the competition.
Jim Marnoch: One problem I’ve seen, not our area at all, but I’ve
heard it from developers, is wet-mate connectors. These have been
developed to meet the requirements of the offshore oil and gas
industry and have a price tag to match. The tidal sector has a need for
such a solution but they are not really affordable. There might be a
really good solution out there but the solution that has been developed
by industry is unaffordable in this emerging sector.
Another example is mechanical seals. Encompassing silicon-carbide
faces, and proven over many years in marine sector applications, these
are considered expensive. So we need to think, do we really need to use
silicon carbide or can we use a cheaper, fit-for-purpose alternative? Not
the Rolls-Royce solution, but something that will actually do the job.
We’re talking to many customers and a lot of them are doing similar
things in their own way. You could say there is a lot of duplication of
effort in many respects. There are different approaches but I guess
because we are talking to several companies, we have a more rounded
view and can form opinions on the best approaches.
I see there are a lot of government-sponsored bodies involved in
technology development in the UK but we have little engagement with
them currently and we probably should. I guess it also works two ways;
they should try to engage more with us. This is an area for us to explore
going forward.
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Steve Jermy: The single biggest challenge is getting the capital support
we need. If we had the capital support, we could do it. I look at HS2 [a
planned high-speed railway for the UK], at £40 billion, and I think if we
had just £1 billion of that we could make this industry really work. But
it needs people like government to put the money up and accept that
some of it will end up in broken things on the sea floor.
It’s the same sort of approach you’ve got to take to NASA but the result
will be unlocking an industry which can provide between 10 and 15%
of the UK’s energy needs. I think that’s why it’s worth it. It’s not as if
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we need to search out for this resource. The Royal Navy has done the
surveying. Unlike the oil industry, we know where it is. Unlike the oil
industry, it never runs out.
Unlike the oil industry, it is shallow. Unlike the oil industry, it will never
pollute. It’s essentially limitless in time. We’re the leaders in this [in the
UK] by about two years. But if we wait for everyone to catch up then we
will have lost it. We will have lost the export opportunity. We could lead
the world.

END NOTE

Perhaps it is unsurprising that the range of views offered by our
contributors is as wide as their interests and backgrounds. Even on the
issue of the single biggest challenge facing the industry, there is little
agreement. Or is there? On closer inspection, most of the concerns
voiced by experts boil down to questions about how to reduce cost.
Which is as it should be.
Tidal energy development is picking up speed, but we must not forget
that other power sources are evolving, too. The quest for cost reduction
is if anything even fiercer in the offshore wind industry. Shale gas is
already distorting energy markets in North America and could have an
impact in places such as the UK in the future. Distributed power sources
such as PV are diminishing the need for base-load power.
Against this backdrop, tidal needs to pick up the pace to remain
assured of a place in future energy mixes. Just as soon as we know the
technology works, every effort must be made to make it competitive.
The fact that our modest selection of contributors is so full of ideas
on this front is encouraging. Clearly, there are many avenues we can
explore. And now is the time to start investigating. Before it gets too late.
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You can catch all the experts that contributed to this paper
speaking at the upcoming 8th Annual International Tidal
Energy Summit in London (24-26 November, 2014) - to find
out what they will be discussing and which other 400+ industry
decision makers will be joining them visit the website now:
www.tidaltoday.com/tidal-conference/
USE THE CODE ‘WMTT50’ FOR AN EXTRA £50 DISCOUNT WHEN
YOU SIGN UP BY 03/10/14
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In association with The
International Tidal Energy
Summit (24-26 November
2014, Victoria Park Plaza
Hotel, London, UK).
For complete event details,
visit the website at
www.tidaltoday.com/
tidal-conference/

