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Watching brief on tidal energy generation
1.

EXECUTIVE SUMMARY

1.1.

Tidal energy is favourable due to its predictability. Significant energy potential may
be exploited from the large tidal ranges in the northeast of the Isle of Man (251 GWh
per year) and the strong tidal streams at the Point of Ayre (19 GWh per year),
Langness and Kitterland (not quantified).

1.2.

Energy in high tidal ranges (>5 m) is harnessed by controlling the ebb and flood of
the tide to create a ‘head’ of water, which is impounded behind an artificial sea wall.
When the head of water contains the maximum gravitational potential energy, it is
released through turbines to generate electricity. Conversely, tidal stream technology
harnesses energy by mounting turbines to the seabed that convert the kinetic energy
of the water column into electrical energy. Both technologies are capable of
harnessing a ‘baseload’ of electrical energy for the Isle of Man grid.

1.3.

Tidal stream technology is still in development, with levelised cost of energy (LCOE)
at £300 per megawatt hour (MWh), though this is likely to decrease significantly as
the UK creates financial mechanisms to support continued research and development
and commercial trials. It is recommended that the Isle of Man maintain a watching
brief on tidal technology as LCOE decreases and be ready to open expressions of
interest to developers at the earliest opportunity.

1.4.

Tidal lagoons, impoundment structures that harness energy from tidal ranges, are
significant infrastructure projects that are capable of supplying energy for 120+
years. Tidal lagoons require significant capital investment. Due to the way projects
are financed, lagoons require subsidisation in the short and medium term (£92.50
per MWh in Swansea), though it is argued they offer very competitive LCOE in the
long-term (£7.80 per MWh in Swansea). There are no existing tidal lagoons
generating power, though the technology is proven in estuary barrages. Several
developments are proposed in the UK. It is recommended that the Isle of Man offer
opportunities for developers to evaluate the capacity, cost and LCOE potential of tidal
lagoons, despite UK developments failing to attract UK government subsidisation.
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TIDAL ENERGY: OVERVIEW
Theory
Of all forms of marine renewable energy, tidal energy is one of the more favoured
(in concept) due to its nature. It is entirely predictable in terms of generative force
and direction due to it being driven by the coupled gravitational interaction between
the moon and the Earth, which is modelled accurately hundreds of years into the
future. In contrast, wind and wave are stochastic energy sources, being accurately
forecastable only several days (sometimes weeks) in advance, though other
renewable energy sources (solar and biomass) do offer increased predictability
already. However, despite being more predictable than wind and wave energy, tidal
energy shares a key feature in terms of energy availability; it is intermittent and
irregular. The diurnal (daily) or semi-diurnal (twice-daily) ebb and flow phases of the
tide interlude with ‘slack water’, a period of time when there is no movement in the
tidal stream before the direction of the tide reverses. Further, there is the biweekly
shift in ‘spring’ and ‘neap’ tides which relate to the overall ‘strength’ of the tide
(commonly referred to as amplitude), where spring tides are stronger than neaps. An
example of this pattern is shown in Figure 1, below.

Figure 1. Predicted elevation time series at the port of Holyhead (Wales), based on a
limited number of tidal constituents (table above). Taken from (Neill & Hashemi,
2018).
2.2.

The potential of converting the energy of tides into more useful electrical energy has
long been recognised. The earliest example of such a system was a proposal for the
Severn Estuary in Victorian times (Hammond, et al., 2017). The La Rance (Brittany)
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tidal barrage, the first tidal power plant in the world, has been in operation since
1996 (Charlier, 2007). Today, technologies that generate electricity from tide can be
categorised as either tidal-stream or tidal-lagoon (impoundment) technology.
2.3.

Tidal stream includes several different engineering solutions to harness the energy
in the tidal-stream by placing turbine-orientated devices in-situ. There are five types
of tidal-stream technologies, with the main two discussed here.

2.4.

Horizontal-axis turbines are essentially designed using the same engineering
principles as wind-turbines, except they are mounted to the sea-floor and the blades
are rotated through the flow of water rather than air (see figure 3). Most devices
included in tidal-stream energy developments are fixed to the seabed in a unidirectional mounting. Examples of horizontal axis turbines are the 1.2 MW twin rotor
Marine Current Turbine (MCT) SeaGen device, which is deployed in Strangford Loch
in Northern Ireland (figure 2). Recent developments have seen companies looking
into the possibility of floating tidal devices, which may reduce capital and installation
costs (Neill & Hashemi, 2018).

Figure 2. The SeaGen turbine consists of two 600kW axial-flow turbines each with a
rotor diameter of 16m. Image: www.siemens.com/press.
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Figure 3. The tidal-stream interaction with a horizontal axis turbine, used to calculate
power output.
2.5.

Vertical-axis turbines are similar to the above, but with a different rotation axis.
These designs are most suited to regions where there is a large variation in the
direction of a tidal stream in contrast to the recti-linear flows that suit horizontal axis
turbines. An example of a vertical-axis turbine is the Gorolov Helical Turbine, which
utilizes three twisted blades in the shape of a helix (figure 4).

Figure 4. A concept-design example of a vertical axis (floating) tidal turbine.
2.6.

Tidal lagoon technology utilises tidal energy using a simple concept whereby tidal
impoundment (i.e. using the flood tide to store water behind a lagoon or barrage,
the same way freshwater is stored in a hydropower dam) creates an energy store of
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gravitational potential energy. La Rance tidal power station in France is a good
example of tidal lagoon energy generation, with a peak output of 240 MW.
2.7.

Though designs can vary between ebb-generation, flood-generation and combined
flood-and-ebb generation, the principles are largely the same and are described in
brief here.

2.8.

Referring to figure 5, let us assume that the sluice gates are open during the flood
tide; therefore, the water elevation both inside and outside of a lagoon rise to the
peak (Point 1) or high tide (filling period; between Points 4 and 5). At high tide, the
sluice gates would be closed, and consequently water level inside the lagoon will
initially remain constant. However, the water elevation in the ocean falls, which will
lead to a head on the turbines. The sluice gates will remain closed until a suitable
head for turbine operation is achieved. This period is called standing (between Points
1 and 2), and during this time no electricity would be generated. The turbine gates
will open at Point 2 and energy conversion would continue as long as there is
sufficient head on the turbines. During this period (generation), the water elevation
inside the lagoon decreases. At Point 3, which usually happens after low tide, the
difference of water elevation inside and outside the lagoon is no longer sufficient for
turbine operation. At this point, the turbine gates will be closed. There will be
another standing period (all gates closed), until the tide returns and sluice gates are
opened for filling. This process would be repeated for each tidal cycle. The amount
of energy converted is approximately proportional to the area between water
elevation curves (shown in blue in figure 5) —inside and outside the lagoon—when
the turbines operate (Neill & Hashemi, 2018).

Figure 5. Schematic of ebb generation in a tidal lagoon during 24h.
Taken from (Neill & Hashemi, 2018)
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Figure 6. An artist’s impression of the Swansea bay tidal lagoon wall structure.
Generative capacity installed
2.9.

Globally, there is approximately 0.5 GW installed capacity of tidal energy (0.0002%
of globally installed renewable energy capacity), including both tidal stream and tidal
lagoon developments. The table below summarises the largest installations currently
operational and under construction throughout the world.
Table 1. Worldwide tidal power stations.
Station
Capacity
(MW)
Operational
Shiwa Lake tidal Plant
254
Rance tidal power
240
plant
Annapolis Royal power
20
plant
Jiangxia tidal power
3.2
plant
Kislaya Guba tidal
1.7
power plant
Uldolmok tidal power
1.2
plant
Strangford
laugh
1.5
seagen
Under construction
Meygen
398
Bluemull Sound
0.5

2.10.

Country

South Korea
France
Canada
China
Russia
South Korea
United Kingdom

United Kingdom
United Kingdom

In the UK, tidal steam industries are at a key juncture (Smart & Noonan, 2018). Tidal
energy technologies, coupled with integrated battery storage systems to handle
modelled intermittency, have the potential to displace coal and natural gas
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generation on the grid and reduce CO2e emissions permanently by at least 1MtCO2
per year after 2030 and at least 4 MtCO2 after 2040 (Smart & Noonan, 2018).
2.11.

Despite a number of high-profile failures, 22 tidal device developers remain active in
the UK, with several progressing towards the first farm projects after successfully
developing and deploying ‘first array’ projects through a combination of public and
private investment. Tidal stream array developments are now in place or under
construction in Scotland by Atlantis at the Meygen site in the Pentland Firth and
Nova Innovation in Shetland. In total, the UK has in excess of 1,000 MW leased tidal
stream energy sites and 10 MW of operational tidal steam capacity (Smart &
Noonan, 2018).

2.12.

The levelised cost of energy (LCOE) for tidal energy projects to date shows a wide
range as these have been installed over a variety of types of sites, using different
devices at different stages of technological development. Giving more weighting to
the most recently deployed sites, Smart & Noonan (2018) estimate that the current
LCOE is approximately £300 per MWh (30p per kWh). This is over 7.5 times more
expensive than offshore wind.

2.13.

With the right support and route-to-market, significant cost-reductions may be
achieved in the near-term followed by incremental reductions with industry growth;
as global deployment increases, associated capex costs will decrease. Based on their
industry analysis, Smart & Noonan (2018) forecast significant cost-reductions over a
relatively modest cumulative installation, forecasting £150 per MWh by 100 MW
installed, £130 per MWh by 200 MW installed and £90 per MWh by 1 GW installed.
This is within the context of the UK’s practical resource (ETI ESME modelling) to be
up to 15 GW for tidal steam.

3. TIDAL-STREAM ENERGY POTENTIAL IN THE NORTHERN IRISH SEA
3.1.

Tidal steam energy devices currently require spring tide velocities (SV) in excess of
2.5 m/s and water depths in the range of 25-50 m. In a peer-reviewed article in
Energy, Lewis et al. (2015) identified the tidal resources in the Irish Sea as a key
strategic region for development. The study analysed the extent of the available
resource in the area using a 3D hydrodynamic model.

3.2.

A limited resource (annual mean of 4TJ within a 90 km2 extent) was calculated
assuming current turbine technology, with limited scope for long-term sustainability
of the tidal energy industry in the area. The analysis showed that the extent of the
resource could increase seven-fold if turbine innovations meant that energy could be
harvested from tidal streams with 20% lower SV (< 2 m/s) and be deployed in water
deeper than 50 m. Figure 6 shows the SV statistic estimated at a fine-scale
resolution throughout the Irish Sea.
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Figure 7. The peak spring tide current velocity (m/s), taken from (Lewis, et al., 2015)
3.3.

The study extrapolated assumptions on 2nd and 3rd generation technology capabilities
to estimate the area, mean kinetic energy and annual practical power available in the
Irish Sea. Table 2 and figure 7 below show the spatial distribution and total output
estimates of tidal developments in the Irish Sea under these scenarios.

3.4.

Table 2. The Irish Sea tidal-stream energy resource for three generations of
technology (Lewis et al., 2015)

Technology
1st Generation

2nd Generation

3rd Generation

Development potential
Area (km2)
Mean kinetic energy (TJ)
Annual power output (GWh)
Area (km2)
Mean kinetic energy (TJ)
Annual power output (GWh)
Area (km2)
Mean kinetic energy (TJ)
Annual power output (GWh)

Value
91
4.01
24
800
29.36
111
6046
149.37
182
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Figure 8. The Irish Sea mean kinetic energy flux (Gj) estimated for a) 1st generation,
b) 2nd generation and c) 3rd generation technology site criteria. Figure taken from
Lewis et al., 2015.
3.5.

The authors argue that until 2nd generation turbine projects become commercially
viable (that is, turbines that operate in SV < 2 m/s and depth greater than 50 m),
additional tidal-stream generation sites (such as those indicated in figure 7b and 7c)
will be difficult to harness.

4. TIDAL STREAM GENERATION IN THE ISLE OF MAN
4.1.

The distribution of annual average tidal current density around the Isle of Man shows
that the optimum location for a tidal-stream development is the area between the
North of the Island and the Mull of Galloway, where data (DECC Atlas of UK Marine
Renewable Resources) indicates a spring peak current speed of just over 2 m/s.

Figure 9. Possible development locations of tidal-stream technology in the Isle of
Man.
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4.2.

AEA (2010) estimated that a 30 dual-rotor turbine development, each with a 142.8
kW capacity (rated according to the tidal-stream resource available in the area),
would produce 18.18 GWh annually from a total 4.2 MW capacity. Based on the
current estimates of the LCOE (£300 per MWh), the annual levelised cost of the
18.18 GWh output would be £5.45 million. By comparison, the LCOE from the
equivalent output of onshore wind would be approximately £0.81 million.

5.

TIDAL IMPOUNDMENT POTENTIAL IN THE ISLE OF MAN

5.1.

The mean tidal range around the Isle of Man, and particularly on the east coast (see
figure 10), represents an opportunity for tidal impoundment, more lately referred to
as ‘tidal lagoons’. Currently, the UK is considering a tidal lagoon development at
Swansea Bay, which will have a nameplate capacity of 320MW – a project costing
£1.3 bn. It will have an entirely predictable 495 GWh output annually, powering
approximately 155,000 homes. The Swansea Tidal Lagoon development will enclose
11.5 km2 and the wall height above high-tide will be 3.5 m, offering enhanced
protection from significant coastal storm surges, with the capacity to potentially add
additional height in the context of rising sea-levels. Tidal lagoons have a design life
of 120+ years, which is twice as long as new nuclear and five times longer than
wind-power. Tidal Lagoon Power Plc (2016) estimated that, the LCOE (over the
entire lifetime of the project) was equal to £7.80 per MWh (0.78p per kWh) despite
the large upfront capital costs and that if there is a 1% annual increase in the
wholesale cost of power from 2035 onwards, large tidal lagoons can be built at netzero cost to the bill payer.

Figure 10. The mean peak spring-tide velocity (m/s) and mean tidal-range (m) in the
Irish Sea. Taken from (Ward, et al., 2018)
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5.2.

Large tidal lagoons being proposed in the UK have required significant backing from
public financing, with Welsh government being asked to sign a PPA with a strike
price of £92.50 per MWh for the initial 35 year period of operation (9.2p per kWh),
which is more expensive than wind or solar. Tidal Lagoon Power Plc CEO Mark
Shorrock has admitted that without the Welsh Government’s involvement, a strike
price closer to £150 per MWh would be required in the initial 35 year period.

5.3.

There is a design for tidal impoundment based on the ‘Canute’ principle that is
patented by an Isle of Man based company called ‘Ocean Energy Ltd’. The principle
of the design is to separate the impounded area of water into four separate lagoons
and control the flow of water into and out of each of the lagoons to maximise a
continuous 24 hour generation of electricity, thereby increasing the total amount of
energy by ~60% (Ocean Energy Ltd, 2013). The design has undergone a technical
feasibility study with the University of Bradford and the University of Lancaster.
While technically feasible, the CapEx of such a design may also be substantial and an
‘objective assessment of the economic viability of such a scheme cannot be done
until the costs, especially construction costs, could be estimated’.

5.4.

Tidal Electric Ltd (TEL), a competitor to the Swansea Bay Lagoon development, has
argued that siting lagoons offshore instead of near-shore can reduce CapEx by 50%
whilst avoiding complex environmental impacts. They have proposals for two sites in
the Solway Firth, though there is no information available online on the details.
Nonetheless, a feasibility study commissioned by TEL is available, produced by Atkins
Consultants Ltd. The feasibility study investigated a 5 km2 impoundment area in
water at depths 1-5m below mean low water springs (MLWS), utilising bi-directional
generation turbines to offer a hydro-turbine capacity of 60 MW.

5.5.

Further (unverified) details are online, suggesting that plans for offshore sited
‘Ullman’ lagoons were presented by Tidal Electric Ltd during a presentation to the
Solway Firth Partnership in Dumfries, alongside Ectoricity and DEME (Dredging,
Environmental & Marine Engineering, Belgium) in late 2018. The plans showed
details of a 16km impoundment walls (‘doughnuts’), constructed with geotubes and
covered with locally-sourced rock-armour. The walls included casing space for 55
turbines with a nameplate capacity of 388 MW (7MW turbines). The estimated cost
for the project was £710 million with assumptions on ‘known unknowns’ such as
turbine and rock-armour costs.

5.6.

Regarding the 5 km2 design, analysed by Atkins Consultants Ltd., the technical
feasibility of the design was confirmed and an annual generation potential of
approximately 187,000 MWh (187 GWh) was modelled. By comparison, the annual
electrical demand in the Isle of Man in 2018 was 360,000 MWh.
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The expected construction period of such a development was estimated to be 36
months. The CapEx costs were investigated with various suppliers and contractors
with the following results:
• Impoundment:
£48.0 m
• Turbine Hall:
£12.7 m
• Turbine Plant:
£14.1 m
• Maintenance equipment:
£0.1 m
• Electrical Connection:
£3.0 m
• Access jetty:
£0.5 m
• Navigational Lights:
£0.1 m
o Total
£79 m
£1.32 m per MW installed
The tidal ranges for the Island vary, with the northeast cost offering the greatest
tidal range. They are described in the Manx Marine Environmental Assessment
(2013) as:

Location
Peel
Port Erin
Port St Mary
Douglas
Ramsey

Spring
Mean HW
5.20
5.29
5.90
6.83
7.40

Mean LW
0.40
0.50
0.50
0.78
0.90

Neap
Mean HW
4.30
4.17
4.80
5.40
5.90

Mean LW
1.50
1.62
1.60
2.22
2.30

Max Tidal Range
5.77
6.06
6.46
7.74
7.89

5.9.

The following code was adapted from script made available from Dr A. Angeloudis
(Lecturer in Water Engineering & NERC Research Fellow at the University of
Edinburgh, School of Engineering) in order to commutate the potential capacity in an
area in the north of the Island (a 10km2 impounded lagoon in Ramsey Bay). The
results are a first indication of potential power only and do not estimate costs of
construction or LCOE.

5.10.

A tidal lagoon impoundment at Ramsey Bay (10km2; figure 12) could have a
nameplate capacity of 143 MW, with an annual output of 251 GWh per year (70%
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island electrical demand, 2018). With battery storage to smooth the intermittent
generation from ebb and flow turbine operation, a constant supply of 28 MW of
electrical energy is potentially available.
5.11.

By comparison, an impoundment wall across Castletown Bay (2.4 km2; figure 13)
would have a nameplate capacity of 27 MW with an estimated annual energy output
of 77 GWh per year (21% of Island demand), with a potential smoothed 8.75 MW
throughout the day if coupled with battery storage.

5.12.

Together, the two tidal lagoon projects would provide a 24hr supply of 36.75 MW of
power (328 GWh per year), which is approximate to the baseload of the Island’s
electrical demand 2018 (figure 11).

5.13.

It should be noted that any development of this nature would be subject to a wide
range of environmental, social and economic impacts assessments and these
examples are purely hypothetical to give an indication of the potential of this energy
resource. Wider impacts on the environment and on emissions (including impact on
blue carbon) would need to be fully assessed.

Figure 11. Daily average electrical demand profile by month in 2018.
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Figure 12. Ramsey Bay impounded lagoon hypothetical consideration

Figure 13. Castletown Bay impounded lagoon hypothetical consideration.
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6.

RECOMMENDATIONS

6.1.

Maintain a watching brief on tidal stream technology, particularly with regard to
developments in depths over 30 m & SV < 2 m/s, which would increase the spatial
scope of development opportunities in the Isle of Man.

6.2.

Monitor the LCOE of tidal-stream turbine systems as it benefits from additional
deployment throughout the UK and the rest of the world.

6.3.

Assess feasibility, capacity and LCOE of onshore & offshore tidal lagoon
developments on the north east coast where tidal ranges are greatest.

6.4.

Assess the role of the Isle of Man as a research and development centre for tidal
technology, providing public support for commercial test projects in a way similar to
EMEC in Orkney.

7.
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