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The world’s first offshore tidal current turbinege&low, capable of 300kW and installed May 2003 Th
11m diameter rotor shown raised for maintenancleforand lowered for power generation on right

Introduction: why we need to develop marine renewale energy technology

Developments associated with unsustainable usesefl filuels are rapidly reaching the stage
at which dramatic changes will be forced on usdngdrs beyond our control. Carbon
dioxide concentrations in the atmosphere are tbilghyer than at any time in the last 500,000
years and have clearly departed from the natu@éciMoreover, methane in the atmosphere,
(a much worse “greenhouse gas” than carbon dioxides) more than doubled its atmospheric
concentration since 1850 almost certainly thanksutman activity. However, even if we set
aside worries about atmospheric pollution, the rotle¢ of buffers we are racing towards are
those of “peak oil”. We will soon reach a pointdtich world oil production can no longer
keep up with growth of world oil demand; depletimfresources will simply force this to
happen. Renewable energy systems are an essemipboent for finding a civilised and
sustainable solution to these impending crisegshofe renewables are particularly
important because they offer large scale sourcekeah and sustainable energy without the
conflicts over land use inherent in expanding tbe of renewables onshore.

Tidal stream (and ocean current) technology isaidribe most recent forms of renewable
energy to be developed. Arguably it is being peyed in the UK yet it has only been
supported by the UK government since 2001. Howdwday it is a key part of the DTI's
(Department of Trade & Industry’s) R&D programmeving real potential to make a
significant contribution to the UK’s (and the re$the world’s) Kyoto targets.



Tidal stream technology; strengths and weaknesses

In principle the physical principles of tidal stre@urbines have a lot in common with those
of wind turbines, since the technology consistdefices that use flowing water in much the
same way that wind turbines use flowing air to picElelectricity. So an advantage of tidal
stream technology compared with the other so-célled renewables” wave and OTEC
(Ocean Thermal Energy Conversion) technology,asithis relatively straightforward to
engineer, being based on well-understood concbatsrt many cases have already been
developed in the context of wind turbines. Essdigtive are talking of “underwater
windmills”.

Perhaps the most important advantage of tidal smma&urrent powered systems is that their
output is predictable with a reasonable degreedéinty (the tides can be predicted for the
entire life-cycle of a device); therefore tidalliures can offer despatchable electricity which
is inherently more valuable than the much more eany generated output of wind, wave
and solar devices.

Another advantage for tidal turbines is that i tha extreme loads in worst possible
operating conditions are no more than about doubtenal design loads, while in comparison
wave energy system developers have a major problénat under the most extreme
conditions (the once in 50 year storm) the foreeslaads imposed on any wave energy
device exceed normal loads by a potentially hugewsrn Because of this, the degree of over-
engineering required for tidal stream devices teéndse much lower than for wave energy or
even wind powered systems, making survivabilityexa® achieve — at least in principle. As
a result not only does less “over-engineering” itéauower costs, but the prospects for
seeing more rapid progress with tidal stream telcdlgyodevelopment seem to be relatively
good.

It is a paradox that renewable technologies sedme jadged more harshly by some
conservationists than already accepted conventieohhologies, presumably because they
are new. We believe our form of tidal stream textbgy is, to quote Douglas Adams “mostly
harmless”; it certainly will not turn seals intdaai as some people seem to think, because
the rotor speeds are far too low to harm anythgigeaceptive and agile as a seal. However
we accept that there is a need to confirm and neoastrate that our technology really is
environmentally harmless which requires it to Beve¢d to operate in locations where it can
be tested in proximity to diverse marine fauna tho.

Having summarised the advantages of our technotmgymain “down-side” compared with
wave or wind technologies, is that the siting regpients for tidal turbines are much more
specialised. There are only relatively few seasmith high enough average tidal current
velocities needed for cost-effective energy recpvén practice locations are needed with
mean spring peak tidal currents faster than abdoitsdknots (2 to 2.5 m/s) or the energy
density will be inadequate to allow an economicalgble project. Such locations are found
at “pinch points” where the underwater topograpéwses currents to accelerate, such as
straits between islands and the mainland and stsboound headlands. Where continuous
currents can be used, such as oceanic currentshaejor rivers, then a lower mean maximum
velocity may be acceptable due to the lack of tskie” periods when no energy is available
for tidally driven devices, but there are few pgeéth high enough continuous currents in
deep enough water for water current turbines todael economically. A few places such as
the Florida Current, the Agulhas Current (off So#iftica) and major rivers such as the St
Lawrence Seaway and the Amazon may offer the plissilif attractively high powered
projects..

So far as the UK is concerned various studiés” “have been carried out to determine
locations suitable for tidal stream energy generatand although the UK tidal stream data
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base is fairly limited at this stage, there prolasino other country with more detailed
information available. Resource data world-widsparse but work is in hand to try and
remedy this.

A recent study by Black & Veatdyives an estimated UK extractable resource of 18TWh
per annum (+ or — 30%) which implies that somethimthe order of 5% of the UK’s
electricity supply (at present demand levels) callohately be met from tidal stream
projects.

Marine Current Turbines Ltd.’s Seaflow Project

We believe “Seaflow” is a landmark energy projettie first phase of the first R&D programme
intended to lead to the development of commercialple, tidal powered electricity generators. The
Seaflow turbine has a single 11m (36ft) diametewrravith full span pitch control, and is installed

a mean depth of seawater of 25m (80ft) approximdtdlkm (0.75 miles) off the nearest landfall at
the Foreland Point lighthouse below Exmoor in Nd@#von (SW England). It has been shown
capable of exceeding its 300kW rated power undeyuible flow conditions and the rotor efficiency
also exceed the design target of 37%. It is niotgwnnected but as an experimental test-rig duitsps
power into fan cooled resistance heaters capaldbsiirbing the maximum power.

At the time of writing Seaflow is unique as a seapred renewable energy project in having
successfully weathered two winters in exposed seditions, and has demonstrated that it is
feasible to produce sufficiently robust technolégurvive in unforgiving conditions

exposed to the incoming Atlantic storms. Indeedrahe departure of the jackup barge

“Deep Diver” on May 31, 2003, nothing larger thasnaall workboat has been needed to

service the system and keep it working, confirntimg potential for servicing this technology

at low cost. In this respect we believe tidal strea already ahead of wave energy.

A key patented feature of our technology is thatttirbine rotor and power train are mounted on a
steel tubular pile set in a hole drilled in thelshand tall enough to always project above thiasar
of the sea. The entire rotor and power systenbegphysically raised up the pile using hydraulic
rams to a position above the surface to facilitaééntenance or repairs from a small boat. We belie
this is a vital requirement as the use of diverargr other form of underwater intervention iswatty
impossible in locations with such strong currents.

Although Marine Current Turbines Ltd is responsitoiethe design and owns the project,

various other participants included Seacore Liggding offshore engineering company —

and also a major shareholder in Marine Current ifebLtd), | T Power (a renewable energy
consultancy and former parent company), Bendaltgrigering (a steel fabricator from

Carlisle), Corus UK (part of the Anglo-Dutch steempany — formerly British Steel) and

also German partners in the form of ISET (a renésvabergy R&D company attached to

Kassel University) and Jahnell-Kestermann, (a maganufacturer of gearboxes). The total

project cost was approximately £3.5 million (US%#illion) of which 60% was subsidised

by the UK government, the EC and the German goveniand 40% came from MCT and

the partners.
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The Seaflow test programme has yielded a wealthtalf data to help the development of
commercial technology to follow. It has also beancessful in confirming various key
conceptual ideas actually work effectively in preetincluding the fundamental concept, the
axial flow rotor, the marinised power train, the s a surface breaking monopile and
structure, together with low cost intervention filoaintenance from small boats. Most
importantly experience has shown the system tcabeless to the local environment, or at
least no harmful effects have been detected so far.

The SeaGen Project: a commercial tidal turbine corept now under development

Artist’s impression of Seagen 1MW tidal turbine

Marine Current Turbines Ltd has started work origfesg Seagen, the successor to Seaflow,
a twin rotor system with its rotors mounted eitbigle of a tubular pile. While Seaflow, the
first phase of the R&D programme, was intendedetmd more than an experimental test bed,
Seagen is Marine Current Turbines Ltd’s most imgrartievelopment as it is the prototype
for commercial power generating technology to fellowhile Seaflow proved technical
feasibility, Seagen is needed to prove the econamiccommercial feasibility.

The Seagen system has its rotors mounted at tkee ends of a pair of streamlined wing-like
arms projecting either side of the supporting pi&ach rotor will be 16m (52 ft) in diameter
and drives a power-train consisting of a gearbakgenerator each rated at 500kW. So the
total rated power per installed unit is approxirhai®00kW.

Essentially Seagen produces three times the pdwiaflow at around twice the cost, giving
a significant improvement in cost-effectivenessagen will be installed in 2006 and will be



grid connected. Also Seagen can function withfliwe in either direction (on both ebb and
flood tides) whereas although in theory Seagerdcattis, in practice the pile wake is too
distruptive for regular operation with the rotonning downstream of the pile. Both systems
use 180rotor blade pitch control to allow operation whae turrent reverses.

Seagen is an £8million project, and it involves ynahthe same partners as Seaflow. Itis
also supported by new shareholders of MCT andegfi@partners, EDF Energy (the UK
subsidiary of one of the largest utilities in therld — Electricité de France), by Guernsey
Electricity (the Channel Island utility which hapyseto have strong currents around its coast)
and by BankInvest (a Danish specialist investmanklfocussing on innovative and clean
energy technologies). The UK government’s DTIls®again supporting MCT, having
committed to provide a grant worth £3.85million,

It is hoped to install Seagen in Strangford Narrasuch more sheltered location than
Lynmouth, located this time in Northern Irelandtie SE of Belfast. This location has three
major advantages, higher current velocities (Up.5on/s or 7 knots), much more sheltered so
that access from small boats should be reguladgipte in winter . It is also an extremely
environmentally sensitive location with a largeatdsity of species including seals. It may
sound strange to seek the added difficulty of g@mionsent for installation in an
environmentally sensitive location, but most tigiseam locations are sensitive and there is
therefore a need to demonstrate the technologydaitio harm. Also in the unlikely event
that potentially harmful effects are detected, ae @apidly detect such problems and find
acceptable measures to mitigate or eliminate theherefore a program for continuous
environmental monitoring is planned to be led byimeabiologists from Queens University,
Belfast, which has a marine research station eaplanned turbine site. This work is likely,
as a spin-off, to shed new light on the behavaifigeals and other wild-life which we
understand will be of value to researchers condewith such species.

The design program is near completion, applicdiorconsents have been lodged with the
authorities (and consent has already been receivaitbw the jackup barge “Excalibur” to
take core-samples for the geotechnical survey, wivizs completed in mid April 2005).

It is planned that Seagen will be installed in$peng of 2006 and it will be immediately
followed by work to develop an array of similar t®mss to be installed in an open sea
location, where economies of scale will yield alfier improvement in cost-effectiveness.
The goal of Marine Current Turbines Ltd’s businglss is to have a technology that can be
deployed in commercial power projects by 2007-8ahith will rapidly become cost-
competitive with offshore wind projects.

It is also planned to initiate demonstration prtgen North American waters in parallel to the
first UK array (which will enable economies of sc@h procurement of the turbines at the
same time as those for the planned array) and El&inrent Turbines Ltd. is actively
seeking US and/or Canadian strategic partnersad sech a program. The first North
American project may then be “rolled out” into egler project soon after once its efficacy is
demonstrated.

Commercial tidal stream technology: the future

In the face of the huge crises developing due th&lWarming and Peak Oil, there is an
urgent need to prove and bring on stream new @aargy technologies such as tidal
turbines. It can be anticipated that securityupfdy will increasingly preoccupy the
governments of industrialised countries all of vihieed to find huge new clean energy
supplies. The technology under development by hda@urrent Turbines Ltd has the
potential to contribute to solving this problem amel hope and expect it to be commercially
viable well within the next five years. It is hapthat it will be effectively demonstrated
through the Seagen project in not much more thanyear from now. The key to arriving at
this result is to gain the operational experiermeded to develop the reliability of the
systems. The prototype will inevitably be overieegred as a means to minimise risks of
failure, so there will be a pressing need to gstxdown and to ensure the developed



systems can reliably deliver electricity from tleas for several decades with minimal
environmental impact.

Artist’s impression of arrayed Seagen turbinesyshg one raised for maintenance

Marine Current Turbines is planning to commissiewesal hundred megawatts of turbines by
2012. The potential thereafter runs to many gigeat capacity even for this First
Generation technology which is limited to water tthsgn the range 20m to about 40m.
However the company has already made patent apptiseand started research into radical
Second Generation systems that are expected tmbgdnal in much deeper currents, up to
80m or more with larger rotors and greater econsmiescale.
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