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The European Marine Energy 

Centre, or EMEC as it is bet-

ter known to all in the wave 

and tidal business, is, without risk of 

overstatement, a truly remarkable 

institution. The Orkney-based test 

facility for wave and tidal energy 

devices was the first of its kind in 

the world when it was established 

in 2003 and a decade on remains a 

pioneering centre for the at-sea test-

ing of marine energy technology.

EMEC hosts 14 full-scale test 

berths across a wave site at Billia 

Croo (near Stromness, Mainland 

Orkney) and a tidal site in the Fall 

of Warness (off the island of Eday). 

These berths are connected to the 

UK national grid via subsea cables 

and also feed data to the centre’s 

office facilities in Stromness via fibre 

optics within the cables.

In addition, EMEC operates two 

scale test sites (for wave at Scapa 

Flow, and for tidal at Shapinsay 

Sound) for the testing of smaller 

devices in less challenging marine 

conditions than those encountered 

in the full-scale sites.

Neil Kermode, EMEC managing 

director, has been at the centre 

since 2005 and explains that Orkney 

is an ideal base for such a marine 

energy facility because of its excel-

lent oceanic wave regime and strong 

Centre of excellence
Alistair Welch speaks to Neil Kermode, the managing director of 

EMEC, the test facility for wave and tidal energy devices
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tidal currents.

Nevertheless, there were a 

number of additional factors that led 

to the selection of Orkney, an archi-

pelago of islands off the northern tip 

of Scotland, as the home of EMEC. 

“Orkney is the most northerly point 

on the national grid, so the electric-

ity generated here does real work,” 

says Kermode. “We have the uni-

versity here [the Orkney Campus 

of Heriot Watt University] so have 

academics working in the marine 

energy space as well as spin out 

companies. Furthermore, the seabed 

is shelved quite steeply so cables do 

not need to be too long in order 

to reach the shore. And Scapa Flow 

has been a major naval anchorage 

for many years meaning that there is 

a large harbour to assemble a flotilla 

of devices.”

EMEC’s full-scale test berths cur-

rently host a number of devices 

including Aquamarine’s Oyster 800 

and a couple of Pelamis P2 machines 

at the wave site and devices from 

Open Hydro, Scotrenewables Tidal 

Power Ltd, and Tidal Generation Ltd 

on the tidal side of operations. The 

facility’s test berths are in constant 

demand and EMEC strives to ensure 

that each of the berths is in active 

use.

Certain companies, including 

Aquamarine and Pelamis, have now 

had devices installed at EMEC for 

a number of years as they move 

through iterations of their technol-

ogy. “From a distance the devices 

tend not to look that different 

and there have been no massive 

changes of approach within an indi-

vidual company,” observes Kermode. 

“However, some companies have 

made quite significant changes in 

the design path that they have been 

treading. The first Pelamis machine 

was 120 metres in length, the next 

was 180 metres; it is fundamentally 

the same machine but with half the 

number of joints and an extended 

length. The Aquamarine Oyster 

has gone from a 300kw to 800kw 

machine by getting larger.”

The growth of EMEC has had 

a truly transformative effect on 

Stromness and Orkney. Visit 

Stromness harbour and you will find 

the quays occupied by a variety of 

marine energy devices and associ-

ated equipment waiting to be taken 

offshore. Nicola Sturgeon, Scotland’s 

Deputy First Minister, on a recent 

visit to the Islands described Orkney 

quite accurately as the “beating 

heart of the global marine renewa-

bles sector.” EMEC itself employs 22 

staff directly, and according to esti-

mates around 250 people in Orkney 

now count their main job in marine 

renewables.

Such is the success of EMEC and 

the marine renewables industry’s 

enthusiasm to use its test facili-

ties that the grid in Orkney is now 

effectively operating at full capac-

ity. The grid here was designed to 

Aquamarine Power

Aquamarine Power is developing Oyster wave power technology to capture 

energy found in nearshore waves. The Oyster concept is an oscillating wave 

surge converter: a buoyant, hinged flap which is attached to the seabed 

at around ten metres depth, around half a kilometre from shore. This flap, 

which is almost entirely underwater, moves backwards and forwards in the 

nearshore waves. The movement of the flap drives two hydraulic pistons 

which push high-pressure water onshore to drive a conventional hydroelectric 

turbine

To date, Aquamarine Power has deployed and tested two full-scale Oyster 

devices at EMEC: the 315kW Oyster 1 and the second-generation 800kW Oyster 

800, spending in excess of £3m in Orkney and working with over 40 local busi-

nesses.

Pelamis 

Both E.ON and ScottishPower Renewables have bought a Pelamis P2 machine 

and are testing at EMEC in adjacent berths as part of a unique joint working 

arrangement.

Vattenfall will bring in a third next generation P2 in coming years.

Often referred to as the “red snake”, the P2 comprises five connected sec-

tions which flex and bend in the waves. This movement is harnessed by hydraulic 

rams at the joints which in turn drive electrical generators located inside the 

device. The device is 180m long, four metres in diameter and weighs approxi-

mately 1,350 tonnes.

Seatricity

Seatricity is a new British company dedicated to developing wave energy convert-

ers. The Seatricity concept involves multiple floats travelling up and down with 

the waves, operating pumps to pressurize sea water, which is piped ashore to 

drive a standard hydroelectric turbine to produce up to 1MW of electricity. Many 

individual pumps are connected together to produce substantial amounts of 

pressurized water.

Having tested a scale prototype device in the Atlantic Ocean off Antigua, 

Seatricity viewed it as a natural progression to test its full-scale prototype in the 

more challenging conditions at the Billia Croo wave test site.

Wello Oy

The Penguin is designed to capture rotational energy generated by the movement 

of its asymmetrically shaped hull, which rolls, heaves and pitches with each passing 

wave. This motion is used to accelerate and maintain the revolutions of a spinning 

flywheel housed inside the hull, which in turn drives an electric generator to pro-

duce electricity that is then exported via a subsea cable.

The 1,600-tonne Penguin device is around 30 metres long, nine metres in 

height and has a draft of around seven metres. Only two metres are visible above 

the water surface.

The device has been undergoing testing at Lyness since arriving in Orkney in 

June 2011 and was first deployed at the Billia Croo wave test site in Summer 

2012. In January 2013 the device returned to Riga, in Latvia, for upgrades and 

maintenance, and is expected to return to test at EMEC in May 2013.

EMEC Roster - Wave devices

Untitled-3   38 21/2/13   09:43:57



39

MARINE ENERGY

ENERGY ENGINEERING ISSUE 45

service a population of 20,000 with 

a peak demand of around 30MW. 

Grid-connected generation at 

EMEC alongside electricity from the 

island’s onshore wind farms routinely 

exceeds this capacity.

“Getting the next generation 

machines onto the grid is going to 

be a challenge,” admits Kermode. 

“Proposals to bring additional wires 

to the Northern Isles have been 

disappointingly slow.” Indeed, it was 

announced in December 2012 that 

plans to upgrade grid connections 

to Orkney have been delayed until 

2018 at the earliest.

Whilst this delay to grid improve-

ment does represent a setback, 

EMEC remains a global leader as 

the world’s only accredited test 

laboratory for wave and tidal devices 

with grid-connected machines in 

the water. Kermode explains that 

the staff at EMEC are keen to work 

cooperatively with other test sites 

in the UK (such as Wave Hub and 

FaBTest) and around the world 

because “there is a whole endeav-

our here that we need to under-

stand.”

“Principally we are advising other 

countries on setting up facilities and 

looking to work with them in the 

long term,” he says. “We believe 

that the industry is best served by 

having as big an industry as pos-

sible into which these machines can 

play. If it is just regarded as a slightly 

quirky Scottish thing then that is 

a smaller market than if this is an 

industry happening in all maritime 

nations.”

The overarching goal of the still-

Aquamarine Power

Aquamarine Power is developing Oyster wave power technology to capture 

energy found in nearshore waves. The Oyster concept is an oscillating wave 

surge converter: a buoyant, hinged flap which is attached to the seabed 

at around ten metres depth, around half a kilometre from shore. This flap, 

which is almost entirely underwater, moves backwards and forwards in the 

nearshore waves. The movement of the flap drives two hydraulic pistons 

which push high-pressure water onshore to drive a conventional hydroelectric 

turbine

To date, Aquamarine Power has deployed and tested two full-scale Oyster 

devices at EMEC: the 315kW Oyster 1 and the second-generation 800kW Oyster 

800, spending in excess of £3m in Orkney and working with over 40 local busi-

nesses.

Pelamis 

Both E.ON and ScottishPower Renewables have bought a Pelamis P2 machine 

and are testing at EMEC in adjacent berths as part of a unique joint working 

arrangement.

Vattenfall will bring in a third next generation P2 in coming years.

Often referred to as the “red snake”, the P2 comprises five connected sec-

tions which flex and bend in the waves. This movement is harnessed by hydraulic 

rams at the joints which in turn drive electrical generators located inside the 

device. The device is 180m long, four metres in diameter and weighs approxi-

mately 1,350 tonnes.

Seatricity

Seatricity is a new British company dedicated to developing wave energy convert-

ers. The Seatricity concept involves multiple floats travelling up and down with 

the waves, operating pumps to pressurize sea water, which is piped ashore to 

drive a standard hydroelectric turbine to produce up to 1MW of electricity. Many 

individual pumps are connected together to produce substantial amounts of 

pressurized water.

Having tested a scale prototype device in the Atlantic Ocean off Antigua, 

Seatricity viewed it as a natural progression to test its full-scale prototype in the 

more challenging conditions at the Billia Croo wave test site.

Wello Oy

The Penguin is designed to capture rotational energy generated by the movement 

of its asymmetrically shaped hull, which rolls, heaves and pitches with each passing 

wave. This motion is used to accelerate and maintain the revolutions of a spinning 

flywheel housed inside the hull, which in turn drives an electric generator to pro-

duce electricity that is then exported via a subsea cable.

The 1,600-tonne Penguin device is around 30 metres long, nine metres in 

height and has a draft of around seven metres. Only two metres are visible above 

the water surface.

The device has been undergoing testing at Lyness since arriving in Orkney in 

June 2011 and was first deployed at the Billia Croo wave test site in Summer 

2012. In January 2013 the device returned to Riga, in Latvia, for upgrades and 

maintenance, and is expected to return to test at EMEC in May 2013.
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nascent marine renewables industry 

is to prove its cost-competitive-

ness with other renewable energy 

sources and its long-term com-

mercial viability. However, Kermode 

suggests that the industry is still at a 

stage whereby technology needs to 

be rigorously tested and proved. 

“Commercial viability has to be a 

driver but is it the driver right now?” 

he asks. “I would argue that the 

EMEC project is principally about 

demonstration – demonstration to 

show the potential of the sector and 

to show that certain ideas work and 

others don’t work as well as hoped. 

Demonstration then allows spe-

cialization and the focus of industrial 

effort into optimizing a design. Of 

course, what we don’t want to do is 

specialize on the wrong thing.”

Speaking about the variety of 

marine energy devices and technolo-

gies, Kermode says that “enough 

diversity in the ‘gene pool’ is 

required to be resilient against the 

threats that might come”. He con-

tinues: “At the moment we haven’t 

had machines at sea for extended 

periods so we don’t really know if 

there are some unexpected aspects 

which will manifest in a few years 

time. It makes a lot of sense to 

keep diversity and have a number 

of machines being tested because 

there are ideas that will cross-ferti-

lize. Without a doubt there will be 

consolidation – the market will deal 

with that – but at the moment it is 

important for there to be enough 

entrants in the race to have a prop-

er race.”

The involvement of indus-

trial majors, such as Siemens and 

Andritz Hydro Hammerfest

In December 2011, Andritz Hydro Hammerfest successfully deployed its 1MW pre-

commercial tidal turbine at EMEC’s tidal test site, and has been testing it since in 

order to validate the technology for future tidal power arrays. The device delivered its 

first energy to the grid in February 2012.

The HS1000 turbine is based on the technology of a smaller turbine, the HS300, 

which was installed in Norway as the first ever tidal current turbine with permanent 

connection to the public grid in 2004. The prototype has been in operation for more 

than 17,000 hours, delivering over 1.5 GWh to the grid and showed 98% availability 

during testing.

Atlantis Resources Corporation

Atlantis deployed its AR1000 tidal turbine on Berth 6 at the Fall of Warness tidal 

test site in summer 2011. The 1MW horizontal axis turbine (rated at 2.65 m/s) has 

an 18 metre rotor diameter and weighs approximately 140 tonnes. It is located on a 

1,300 tonne gravity base structure and stands at a height of 22.5 metres (73 ft) fully 

assembled. The AR1000 control cabin, located on the island of Eday, contains all of 

the power conditioning and control equipment.

Kawasaki Heavy Industries

The next venture for KHI is into the marine energy industry, having signed up to a 

berth at the Fall of Warness tidal test site in October 2011. KHI has been develop-

ing a tidal stream energy converter in-house since 2010 and plans to begin testing 

their device at EMEC in 2013/14. The multinational company is presently component 

testing in Holland, performing tank tests of a scale model, stress tests of blades and 

power train tests, as well as some component testing for its full-scale prototype.

Open Hydro

OpenHydro was the first developer to use the tidal test site at the Fall of Warness 

when its test rig and 250kW open centred turbine were installed in 2006. The device 

was the first tidal turbine to be grid connected in Scotland and subsequently the first 

to successfully generate electricity to the national grid in the UK.

Testing continues at EMEC as OpenHydro continue to bring subsequent genera-

tions of their device for testing on their test rig. Their seventh generation 6m diam-

eter turbine is due to be installed in their test rig imminently.

Scotrenewables

The Scotrenewables tidal turbine is a unique floating tidal technology designed 

to minimize installation and operational costs. The device hosts two propellers which 

fold up while being towed. The system has been extensively trialled through scale 

model testing and a 250kW prototype, the SR250, successfully connected to the 

national grid at the Fall of Warness tidal test site at the end of March 2011 and is 

currently in a two-year test programme.

Initial tests involve short-term deployments of the device on its moorings followed 

by disconnection and towing back to harbour for inspection. The testing programme 

is being undertaken in incremental stages, culminating in a three-month period of 

continuous grid-connected operation at EMEC’s tidal test site at the end of 2012.

Tidal Generation Limited

Since 2005, TGL has been developing a 500kW tidal stream turbine – Deepgen 

– which was successfully deployed and connected to the grid at EMEC’s tidal test site 

at the Fall of Warness in Eday in September 2010. In March 2012, TGL announced 

that the device had generated 200MWh into the national grid since installing their 

device on site.

TGL has now developed a next generation 1MW tidal stream turbine in a project 

partnership with the Energy Technologies Institute (ETI), known as Project ReDapt 

(Reliable Data Acquistion Platform for Tidal). TGL replaced the 500kW device installed 

at EMEC with their pre-production 1MW device in 2013. Mounted on the same tri-

pod support structure, it will undergo a 24-month test schedule.

Voith

Voith Hydro is working with RWE Innogy through the joint venture Voith Hydro 

Ocean Current Technologies. Its tidal current turbine is being designed to be simple, 

sturdy and low-maintenance, and a 1:3 scale prototype has been successfully tested 

in Jindo, Korea.

The company is currently assembling a 1MW commercial size demonstrator due 

to be tested at EMEC. Preparatory works commenced in summer 2011 with a 23m 

monopile installed in the seabed at EMEC’s tidal test site at the Fall of Warness off 

the northern island of Eday. The 1MW horizontal axis turbine - HyTide - which is 

13m in diameter and weighs 200 tonnes is due to be installed in 2013.

Bluewater

Bluewater has completed its development and design phase including model testing 

and is now constructing a full-scale demonstration unit of its floating support struc-

ture for tidal turbines, BlueTEC.

BlueTEC is a floating support structure suitable for any type of tidal turbine aiming 

to ease installation and maintenance costs of tidal turbines, while at the same time 

potentially increasing energy production locating turbines closer to the sea surface 

- the most energy rich part of the water column. The platform measures 24m x 40m 

and requires a water depth of at least 8m. It can host horizontal and vertical axis 

turbines, but will initially test on an array of four 250kw vertical axis kobold turbines 

supplied by Ponte di Archimede of Italy.

EMEC Roster - Tidal devices
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Kawasaki, in the sector is a sign 

of a maturing, viable industry. “I 

really do believe that confidence has 

improved,” says Kermode. “I have 

seen a number of the players grow 

from small organisations with a few 

people and a great idea to attract-

ing significant investment and being 

bought out by larger companies.”

 He concludes: “We are seeing 

meaningful investment in marine 

renewables in the region. A signifi-

cant play is being made here that I 

think will pay off.” ■

Andritz Hydro Hammerfest

In December 2011, Andritz Hydro Hammerfest successfully deployed its 1MW pre-

commercial tidal turbine at EMEC’s tidal test site, and has been testing it since in 

order to validate the technology for future tidal power arrays. The device delivered its 

first energy to the grid in February 2012.

The HS1000 turbine is based on the technology of a smaller turbine, the HS300, 

which was installed in Norway as the first ever tidal current turbine with permanent 

connection to the public grid in 2004. The prototype has been in operation for more 

than 17,000 hours, delivering over 1.5 GWh to the grid and showed 98% availability 

during testing.

Atlantis Resources Corporation

Atlantis deployed its AR1000 tidal turbine on Berth 6 at the Fall of Warness tidal 

test site in summer 2011. The 1MW horizontal axis turbine (rated at 2.65 m/s) has 

an 18 metre rotor diameter and weighs approximately 140 tonnes. It is located on a 

1,300 tonne gravity base structure and stands at a height of 22.5 metres (73 ft) fully 

assembled. The AR1000 control cabin, located on the island of Eday, contains all of 

the power conditioning and control equipment.

Kawasaki Heavy Industries

The next venture for KHI is into the marine energy industry, having signed up to a 

berth at the Fall of Warness tidal test site in October 2011. KHI has been develop-

ing a tidal stream energy converter in-house since 2010 and plans to begin testing 

their device at EMEC in 2013/14. The multinational company is presently component 

testing in Holland, performing tank tests of a scale model, stress tests of blades and 

power train tests, as well as some component testing for its full-scale prototype.

Open Hydro

OpenHydro was the first developer to use the tidal test site at the Fall of Warness 

when its test rig and 250kW open centred turbine were installed in 2006. The device 

was the first tidal turbine to be grid connected in Scotland and subsequently the first 

to successfully generate electricity to the national grid in the UK.

Testing continues at EMEC as OpenHydro continue to bring subsequent genera-

tions of their device for testing on their test rig. Their seventh generation 6m diam-

eter turbine is due to be installed in their test rig imminently.

Scotrenewables

The Scotrenewables tidal turbine is a unique floating tidal technology designed 

to minimize installation and operational costs. The device hosts two propellers which 

fold up while being towed. The system has been extensively trialled through scale 

model testing and a 250kW prototype, the SR250, successfully connected to the 

national grid at the Fall of Warness tidal test site at the end of March 2011 and is 

currently in a two-year test programme.

Initial tests involve short-term deployments of the device on its moorings followed 

by disconnection and towing back to harbour for inspection. The testing programme 

is being undertaken in incremental stages, culminating in a three-month period of 

continuous grid-connected operation at EMEC’s tidal test site at the end of 2012.

Tidal Generation Limited

Since 2005, TGL has been developing a 500kW tidal stream turbine – Deepgen 

– which was successfully deployed and connected to the grid at EMEC’s tidal test site 

at the Fall of Warness in Eday in September 2010. In March 2012, TGL announced 

that the device had generated 200MWh into the national grid since installing their 

device on site.

TGL has now developed a next generation 1MW tidal stream turbine in a project 

partnership with the Energy Technologies Institute (ETI), known as Project ReDapt 

(Reliable Data Acquistion Platform for Tidal). TGL replaced the 500kW device installed 

at EMEC with their pre-production 1MW device in 2013. Mounted on the same tri-

pod support structure, it will undergo a 24-month test schedule.

Voith

Voith Hydro is working with RWE Innogy through the joint venture Voith Hydro 

Ocean Current Technologies. Its tidal current turbine is being designed to be simple, 

sturdy and low-maintenance, and a 1:3 scale prototype has been successfully tested 

in Jindo, Korea.

The company is currently assembling a 1MW commercial size demonstrator due 

to be tested at EMEC. Preparatory works commenced in summer 2011 with a 23m 

monopile installed in the seabed at EMEC’s tidal test site at the Fall of Warness off 

the northern island of Eday. The 1MW horizontal axis turbine - HyTide - which is 

13m in diameter and weighs 200 tonnes is due to be installed in 2013.

Bluewater

Bluewater has completed its development and design phase including model testing 

and is now constructing a full-scale demonstration unit of its floating support struc-

ture for tidal turbines, BlueTEC.

BlueTEC is a floating support structure suitable for any type of tidal turbine aiming 

to ease installation and maintenance costs of tidal turbines, while at the same time 

potentially increasing energy production locating turbines closer to the sea surface 

- the most energy rich part of the water column. The platform measures 24m x 40m 

and requires a water depth of at least 8m. It can host horizontal and vertical axis 

turbines, but will initially test on an array of four 250kw vertical axis kobold turbines 

supplied by Ponte di Archimede of Italy.
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