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In some extreme scenarios, there are such significant
changes in tidal range that (flooding) impacts would be
perceived as unacceptable in relatively distant areas
and in other countries (e.g. Ireland, Wales, Scotland).

Abstract

Renewable energy extraction from tidal range and/or
tidal current technologies in a particular area will affect
differently the hydrodynamics of the local tidal system,
impacting the tidal resource at the particular site. There
may also be a regional effect on the hydrodynamic,
impacting other tidal energy extraction schemes’
resource and potential energy yield. The impact of
large scale and/or widespread tidal energy extraction on
the tidal energy resource is therefore important to
understand in order to inform optimisation and
management of the UK tidal resource.
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1.

Introduction

This paper summarises the Tidal Resource Modelling
(TRM) project, which was commissioned by the
Energy Technologies Institute (The ETI) in July 2011
with the aim of improving understanding of the
possible interactions between tidal energy extraction
schemes.

This paper demonstrates that, at a UK level, credible
deployment scenarios for energy extraction from tidal
current technologies generally have no impact on tidal
range deployments, and only in extreme cases do tidal
range deployments have a (minimal) impact on tidal
current deployments. Therefore, apart from in certain
regions where there could be large scale deployment of
tidal range and tidal current schemes, the resource for
tidal range technologies can be largely managed
independently of that for tidal current technologies.

A wide range of possible future tidal range and tidal
current schemes and combinations, with differing
technology possibilities, are represented in the
Continental Shelf Model (CSM) - a 2D hydrodynamic
model that was used to investigate how energy
extraction at one site may affect the energy available
elsewhere.
The following fundamental questions were posed for
the study:
1. How will the impacts of tidal range and tidal
current energy schemes positioned around the UK
combine to form an overall effect?
2. Will the extraction of tidal energy resources in one
area affect the tidal energy resources at distant
sites around the UK and Europe?
3. What constraints might these interactions place on
the design, development and location of future
systems?

Nevertheless, significant impacts are demonstrated on
the hydrodynamics at both the energy extraction site
and more regionally, meaning that optimisation and
management of the resource is important for all
stakeholders.
In UK waters, large scale utilisation of the tidal
resource requires significant optimisation to avoid
potentially unacceptable cumulative impacts and to
ensure the most energy can be extracted from the
resource (potentially at least cost, with least impact on
the grid etc.).

The framework for constructing the various scenarios
was to consider likely industry development for tidal
range and current technologies on varying time
horizons from the 2010 comparator base case scenario
(where no significant tidal energy generation exists in
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UK waters), through to 2050 scenarios where it may be
realistic to consider full utilisation of the economically
viable UK tidal energy resource.

The bathymetry in the CSM was developed from
Admiralty Chart data processed and provided by
SeaZone of HR Wallingford.

2.

The CSM is driven by spatially varying time histories
of water levels along the model offshore boundaries.
The time histories are derived from tidal synthesis
based on the harmonic constituents available from the
TPXO dataset. The TPXO dataset is one of the most
accurate global models of ocean tides [4]. It is based on
a best-fit of tidal levels measured along remote sensing
tracks from the TOPEX/POSEIDON satellite project in
operation since 2002. The 13 constituents derived from
complex harmonic analysis of observed levels (8
primary, 2 long-period and 3 non-linear constituents)
are by definition clean of atmospheric and surge
variations, as these variations would not be part of the
astronomical periods against which the tidal harmonics
are being predicted. A refined version of the TPXO
dataset exists for the Northern European continental
shelf, which has been validated against the available
tide gauge data. This dataset was deemed adequate to
define tidal levels in deep water, at the edge of the
Atlantic Ocean.

Methodology

The CSM: extent, resolution, seabed map, forcing.
The open source, industry driven, TELEMAC system
and more specifically its two dimensional flow module,
TELEMAC-2D, form the underlying modelling tool for
the development of the CSM (www.opentelemac.org).
In order to include all (potential) sites and to cater for
long-range impacts and interactions between energy
schemes, the CSM not only covers the UK waters but
extends offshore slightly beyond the Northern
European continental shelf (defined principally by the
300 m depth contour), and includes the coastlines of the
United Kingdom, Ireland, the Channel Islands, France,
Belgium, the Netherlands, Germany, Denmark, Sweden
and Norway. It includes amongst others the Malin Sea,
Irish Sea, Celtic Sea, English Channel and the North
Sea. Recent publications [1 – 2] have indicated that
relatively small projects can affect very distant
locations. The Baltic Sea is not included in the model
because of its very limited tidal range and minimal
mean spring tidal current velocities [3]. An annual
mean discharge is instead imposed as an inflow in the
model.

A long period (between 45 and 90 days) was used to
calibrate and validate the CSM against available
(published and measured) data. A 20-year average
spring-neap 15-day cycle is used to model the
combinations of tidal range and tidal current energy
schemes.

The level of detail with which sites of interest, the
coastline and islands are represented in the CSM
depends largely on the local resolution, which smoothly
varies at a maximum growth rate of 8%, thanks to the
unstructured nature of the CSM underlying mesh.
Resolution thresholds were set for the adequate
representation of features such as passages, inlets and
islands. For instance the later threshold is such that the
perimeter is defined by a contour of at least 5 nodes
(i.e. a pentagon of appropriate shape).

The CSM Calibration, Validation and Verification
The data used to calibrate and validate the CSM
comprised two independent sets of observed coastal
and offshore tidal gauge and bottom pressure data.
Comparison against these data sets in terms of time
series, 15-day Root Means Squared Error (RMSE) and
tidal constituent analysis confirmed the suitability of
the CSM throughout the Northern European continental
shelf and in key high energy areas in particular. It is
noted that the CCSM and the DCSM have similar
levels of performance, with the DCSM, generally, only
marginally more accurate than the CCSM in terms of
RMSE (the principal measure chosen to evaluate
performance).

There are two versions of the CSM:
 The Coarse (CCSM) resolution starts from
c.1km at the coastline, on islands and
locations of selected tidal range and tidal
current energy schemes to reach a maximum
of c.50km away from these sites.
 The Detailed (DCSM) resolution starts from
c.200m at the coastline, on islands and energy
scheme sites to reach a maximum of c.10km.

It is generally recommended that the CCSM be used for
high level tidal range and/or tidal current
investigations. However, the DCSM should generally
be used in preference to the CCSM for investigation of
tidal current schemes, as the greater resolution predicts
tidal currents (and spatial variability thereof) more
accurately. Detailed site investigations into tidal range
schemes should also use the DCSM, as more detailed
bathymetry can be incorporated in the model.

It is noted that, while the resolution of the DCSM
provides more detailed predictions than that of the
CCSM, its purpose, like the CCSM, is primarily to
provide preliminary impact assessment results for the
entire Northern European continental shelf. It should
not be used in place of a refined local model when
considering resources / impacts in specific areas.

Site identification
Tidal Range: Traditional tidal range schemes can be
split into three types of impoundment:
2
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 Barrages;
 Coastal (land-connected) lagoons; and
 Offshore lagoons.
Offshore lagoons are not connected to the coastline so
must be completely enclosed by artificial
embankments. Consequently, the embankment length
will be longer to enclose the same sea area as the
coastline cannot be used to complete the impoundment.
In addition, locating a lagoon offshore will normally
involve construction in deeper water compared to a
coastal lagoon that encloses a similar area and would
generate similar power. For this reason, offshore
lagoons were not selected for scenario testing in this
study.
Three possible modes of operation have been
considered for a tidal barrage or lagoon:
 Ebb-only generation;
 Flood-only generation; and
 Dual (ebb-flood) generation.

potential for a significant mismatch between the
resource identified by the (D)CSM and the extraction
schemes that might otherwise have been developed
using the existing knowledge base which all has a
much lower resolution (e.g. Atlas of UK Marine
Renewable Energy Resources).
The predictive methodology has developed a top down
decision support tool set to inform scenario definition.
As detailed design of large scale tidal current projects
has yet to be undertaken given the relative immaturity
of the sector, it was necessary to foresee the key drivers
that will define project selection. In simple terms, the
scenario specification framework has been driven by
the availability of appropriate tidal current energy
resource for exploitation, so a hierarchy of factors has
been identified [9]:
1. The strength of the resource (the mean kinetic
power density has been identified as being the
most appropriate measure of the resource from a
technology perspective in terms of identifying
energy yield potential).
2. The suitability of the resource location for
technology application. Depth is therefore a
leading constraint (although this is expected to
relax over time as technology suited to
deployment
in
deeper
water
reaches
commercialisation). Distance to shore also has
economic implications.
3. Environmental impact constraints, potentially
limiting the extent and density of farm
deployments.
4. Additional factors that would have a negative
impact on project cost through increased design
requirements (e.g. the local wave climate).

Pumping has not been included in the tidal range
scenarios developed thus far. It adds considerable
complexity to the operation of a scheme and is a
refinement that should be considered in detailed studies
of individual schemes but it is not necessary for this
UK-wide study focussed on interactions between
schemes.
There have been many previous tidal range power
studies for estuaries around the UK [5 – 7].
Consequently, the potential estuary locations for large
(greater than 100MW) schemes are well known and can
be derived from these previous studies. In the past,
there has been less focus on tidal lagoons due to the
additional length (and therefore cost) of their
embankments relative to the energy output. The
potential locations of tidal lagoons are therefore less
well documented, except perhaps in the Severn.

Overarching constraints underpinning development are
also imposed to ensure that the proposed scenarios
maintain credibility:
1. Supply chain and industry confidence: a band of
minimum and maximum installed capacities
was imposed in each scenario timeline to
provide acceptable bounds within which the
industry and supply chain can grow. This is in
part reflective of economic constraints (e.g.
appetite of public and private investors), and
engineering constraints (e.g. the ability to
respond to required build rates given the
inherent difficulties of weather windows,
operational equipment availability, mass
manufacture of technology, and not least the
project development timescales in terms of
leasing and consenting).
2. Technology capability also limits development
in terms of accessing and exploiting resource.
As the technology matures, a wider resource
becomes potentially economic to develop in
terms of opening up access to deeper water,
and cost reduction through learning and

The Atlas of UK Marine Renewable Energy Resources
[8] was used to identify potential sites for tidal lagoons.
Areas were identified with both:
1. Mean tidal range greater than 4m (assessed by
taking the average of mean spring and mean
neap tidal range).
2. Water depth below mean sea level of 25m or
less. Building a barrage/lagoon embankment in
deeper water than this would be very expensive,
except for very short distances.
The technology options reviewed in the report include
conventional turbines (Bulb and Straflo) and a new low
head turbine design.
Tidal Current: The spatial variability of the tidal current
resource requires high resolution data to ensure that a
project design will coincide with the intended resource.
It was necessary to create a predictive methodology for
automated selection of tidal current developments for
this project, as otherwise there would have been the
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development
experience
altering
the
economics of more marginal resource sites.
Energy extraction
TELEMAC-2D solves the 2D depth-averaged shallow
water equations, also called the St Venant equations.
These comprise three equations (one equation for the
conservation of the volume of water and two equations
representing the conservation of the water momentum)
dependent on three environmental hydrodynamic
variables (the water depth h in metres and the depthaveraged current velocity components u and v in
metres per second). These equations are as follows:
continuity equation:



h hu hv


 Srce
t
x
y

where Srce is a variation of the volume of water
within the water column (including rain, evaporation
and other intakes and outlets such as found around
hydraulic structures), and where  / t ,  / x and
 / y are respectively the time and space component
gradients; and
x-momentum equation:
h

 (hb)  
u
u
u
u   
u 
 hu  hv   gh
  h e    h e   hFx
t
x
y
x
x 
x  y 
y 

Implementation of various energy schemes by the enduser is therefore possible through the above-described
generic parameterised formulations representing tidal
range and tidal current schemes at the scale and
resolution of the CSM, and catering for all types of
technology, current and future. Water depth and current
velocity components are the primary variables of
TELEMAC-2D, from which dynamic interactions and
model post processing steps are defined for end-user
consumption.

y-momentum equation:
h

where Q is the discharge in m3/s,  h is the
head difference in m, h is the average water
depth in m, u 2 relates to the energy
difference and can be used to represent other
energy losses, and where D1 to D7 are
constants defined by the technology type, the
operational procedures, the turbine capacity,
the size, submergence and types of the
openings and other key turbine parameters.
When tidal current devices are introduced in
the hydrodynamic system, the system loses
energy, whether the energy is extracted or
whether drag forces are introduced. The
various contributions for the loss of energy is
represented as additional body force terms, the
sum of which will be Fx and Fy in the
momentum equation.
These additional body force terms are a means
of parameterising physical processes that
occur at higher resolution than is used within
the model. The parameterised terms replace
small-scale physical processes (from the point
of view of model resolution) with a
continuous
property
applied
across
computational cell.
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where Fx and Fy are source terms and body forces
acting on the water momentum (including seabed
friction, Coriolis, drag, and possible energy extraction
devices), and where g is the earth gravitational
acceleration (in m/s2),  e a diffusion coefficient (in
m2/s) including dispersion and turbulence,  the water
density (kg/m3) and b the seabed elevation above
datum (m).

Development of Scenarios
Scenarios considering different combinations of future
timeframe and development constraints (optimistic,
medium, and pessimistic) for tidal current and range
technology adoption were designed. The core set of
scenarios developed using this framework present a
cumulative build up of installed capacities of both
technologies by defining a preferred project build
order.
Additional special scenario cases were
prescribed to investigate the most radical development
scenarios that have been proposed in the literature or
other scenarios which were considered of interest.

Without detailing the theoretical background of these
equations further, it is important to note that:
 Generic terms were implemented in
TELEMAC-2D to model the effect of both
tidal range and tidal current energy devices
(source terms in the continuity equation Srce
and source terms and body forces in the
Fy
and
momentum
equations Fx
respectively).
 The discharge through a tidal range scheme
(by extension, the power generated) is a
function of the head and energy difference
across the control structure and is
parameterised in the continuity equation as
follows:

The scenarios span from no tidal range or tidal current
energy technology in UK waters (referred to as the
2010 ‘base case’ scenario), through to a 2050 ‘extreme’
scenario. The 2050 extreme scenario has the potential
to meet in the region of c.45% of UK electricity
demand under the assumption that the interaction
between the projects is minimal. One of the main
purposes of the TRM project was to demonstrate

Q  D1 D2 h D3 h 2 D4 h 3 D5 h h D6 h D7 u 2
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0

whether such assumptions and potential deployments
could be realistic.

3.

205
0

Optimis
m

Location

202
0

Medium

Bridgewat
er Bay

202
0

Optimis
tic

Kirkcudbri
ght Bay

203
0

Medium

CardiffWeston

203
0

Optimis
tic

Mersey

203
0

Special
(case
22)
Special
(case
23)
Medium

Severn
(Outer)

204
0

CardiffWeston
Morecamb
e Bay

204
0

Medium

Wash

204
0

Optimis
tic

Dee

205
0

Medium

Solway
Firth

205
0

Medium

Rye Bay

205
0

Medium

West
Aberthaw

205
0

Medium

Rhoose

205
0

Optimis
tic

Wigtown
Bay

205
0

Optimis
tic

Dymchurc
h

205
0

Optimis
tic

Oxwich
Bay

205
0

Extreme

Humber

205
0

Extreme

Thames

205

Extreme

Cumbria

Operationa
l mode
(turbine
type)

Dual
(conventio
nal)
Dual (Low
head
turbine)
Ebb
(conventio
nal)
Dual (Low
head
turbine)
Dual
(conventio
nal)
Dual (Low
head
turbine)
Dual (Low
head
turbine)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual
(conventio
nal)
Dual (Low
head
turbine)
Dual (Low
head
turbine)
Dual

110

0.3

216

8640

18.7

40

570

1.4

875

15750

45.0

1065

5130

17.0

320

3670

10.5

350

4900

8.5

60

1080

2.2

1100

19800

31.0

110

1980

3.2

45

1215

2.3

40

1080

2.0

160

2240

3.8

110

1980

3.2

16

352

0.6

200

1340

3.7

110

530

1.8

70

1260

2.2

252

0.4

Table 3 shows that high levels of tidal range
deployment has no impact on the annual energy
production (AEP) of tidal current developments in the
UK, and that high levels of tidal current deployment
has almost no impact on the AEP of tidal range
deployment.
There needs to be a separate
consideration of cumulative effects which still exist.

Suggested installed capacity
No. of
Total
Indicati
turbin
install
ve
es
ed
energy
output
capaci
ty
(TWh/y
(MW)
)
120
3600
6.9

12

14

A summary of the major site constraints that the CSM
simulations use to identify suitable tidal current
development locations is presented in Table 2.

Table 1 Tidal range energy development scenarios

203
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Morte Bay

Results – Energy extraction outputs

Potentially feasible locations for tidal range schemes
that could give peak power output greater than 100MW
have been identified giving:
 10 barrage alignments – selected based on a
literature review of previous studies; and
 11 lagoon alignments – selected based on the
tidal range, water depth and coastline shape.
The options were incorporated into scenarios as shown
in Table 1.
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Table 2 Overarching tidal current energy scenario
constraints
Installed capacity
(MW)
Year

Optimism

Minimum

Maximum

2010
2020
2020
2020
2030
2030
2040
2050
2050
2050
2050
2050
2050
2050
Multiple

n/a
Medium
Optimistic
Special
Medium
Optimistic
Medium
Medium
Optimistic
Extreme
Special
Special
Sensitivity
Sensitivity
Pessimistic

0
400
700
1000
2000
3000
4000
8000
1000
15250
85000
Unlimited
30000
Unlimited
0

0
400
700
1000
3000
4000
8000
15250
20000
40000
85000
Unlimited
Unlimited
Unlimited
0

Mean kinetic
power density
(kW/m2)
Target
Absolute
value
value
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
3.0
2.25
2.25
2.0
2.0
1.80
1.65
1.50
1.50
1.50
1.50
2.50
n/a
n/a
n/a
n/a
1.4
1.2
1.0
1.0
n/a
n/a

Table 3 Summary of 2050 scenario installed capacity and
AEP
2050
Tidal Range (TR)
TR AEP (TWh/yr)
Tidal Current (TC)
TC AEP (TWh/yr)

A
Opt
59
Med
45

B
Pess
0
Med
45

C
Med
52
Opt
53

D
Med
52
Pess
0

Figure 1 shows two scenarios which both include
Mersey Barrage, Kirkcudbright Bay Lagoon and 3GW
of tidal current energy extraction. The left-hand
scenario also includes Severn Cardiff-Weston with
Bridgwater Bay, and this shows a decrease in tidal
range of between 1.75m to 0.1m downstream of the
impoundment within the Bristol Channel. Far-field
(outside the Bristol Channel) there is a small area of
decreased tidal range 0.1-0.2m.
The right-hand
scenario includes Severn Outer (rather than CardiffWeston with Bridgwater Bay) and this shows a
decrease in tidal range of between 1.75 and 0.35m
downstream of the impoundment within the Bristol
Channel. Far-field effects indicate a larger area of
decreased tidal range between 0.1-0.35m extending into
the Irish Sea, and an area in north Wales where the tidal
range is decreased by up to 0.5m. It is noted that the
acceptable level of change in tidal range is very site
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extraction (See Figure 3) shows overall increases in
tidal range of up to 0.5-1m in Scotland, Northern
Ireland, Ireland and north Wales. There is a decrease in
the tidal range around extraction schemes between 0.1
to 0.35m. A change in the tidal range is also shown on
the Northern European coastline, where there is a
decrease in tidal range of between 0.1-0.2m. It is noted
there is a threshold of 0.1m in the outputs.

specific and the results presented here are only
indicative.

Figure 3 2050 extreme scenario

Tidal current deployment has a significant near-field
effect and, as a result, the capacity factor of the
development is affected (from what would have been
predicted using baseline data). Table 5 shows the
installed capacity (GW), AEP (TWh/yr) and Capacity
Factor (CF) (CF excludes availability) for 3 of the
scenarios in order to illustrate this. The 2030 and 2050
scenarios were identified by the CSM using the system
previously discussed. The 2030 CF, 49%, is high
because the developments are in high resource sites
(e.g., the Pentland Firth). In the 2050 extreme scenario,
the installed capacity is significantly increased (by an
order of magnitude) but the CF decreases as not only
less resource intense sites are developed but also as the
high resource sites are ‘over-extracted’.
In the
Pentland Firth extreme scenario, developments are
manually created to reach this installed capacity, and
the CF is severely reduced (by an order of magnitude)
through ‘over-extraction’. The Pentland Firth example
(See Figure 4) shows impacts well outside the footprint
of the array.

Figure 1 Increasing far-field effects from Severn
Outer
A previous scenario indicates an AEP from Bridgwater
Bay of 6.3TWh/yr when installed alone; however, this
is reduced to 4.4TWh/yr with Cardiff-Weston installed.
Table 4 provides a summary of the increase in AEP at
three particular sites when using the low head turbine
dual mode operation.

Table 4 Percentage increase in AEP from low head
turbine
Ebb
Dual
Low head - dual

Solway
100%
120%
140%

Mersey
100%
133%

Wash
100%
150%
175%

Table 5 Tidal current CF affected by energy
extraction

Rye and Dymchurch Lagoons create minor (0.1 – 0.2m
decrease in tidal range) effects downstream of the
impoundment, see Figure 2.

GW
TWh/y
CF

2030
med

2050
extreme

3
13
49%

37.9
80.5
24%

Pentland
Firth
Extreme
86
28.8
4%

Figure 2 Minor downstream effects from Rye and
Dymchurch Lagoons
Figure 4 Kinetic Power Density change in the Pentland
Firth with 86GW of tidal current energy extraction

The 2050 extreme scenario, which includes 55GW of
tidal range and 38GW of identified tidal current energy
6
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Only the Wash tidal range scheme is on the east coast
of the UK and the remaining tidal range schemes are all
on the west coast of the UK. The tidal current
deployment is spread across the north of Scotland, the
Channel Islands, north of Wales and south-west of
Scotland.

For many of the tidal current locations, the near-field
extraction levels can reach 50% of Power Density (blue
to pink areas) with increases in Power Density seen as a
result (green to red areas), see Figure 5.

The tidal range phasing results for all the scenarios can
be summarised as:
 Severn and east coast sites are in phase with
each other;
 Irish Sea sites are 6 hours out of phase with
Severn and east coast sites.

4.

Figure 5 Localised tidal current development of a small
site

General
There are a number of clear conclusions that can be
drawn from the results of the scenarios:
 That any credible tidal current development
does not impact on the tidal range sites (see C
and D in Table 3).
 That there is only a minimal impact of tidal
range sites on tidal current sites, in the most
extreme cases. In less extreme cases, there is
essentially no impact (see A and B in Table 3).
 Extreme scenarios suggest that the Severn
Outer barrage has a significantly more severe
far-field impact (on tidal current sites) in
comparison with the combination of the
Cardiff-Weston barrage and Bridgewater Bay
lagoon (see Figure 1).
 Noticeable benefits in using low head
generating turbines in dual-mode schemes
were observed for the Solway Firth, Mersey,
and the Wash as there are reduced impacts on
downstream tidal range than equivalent dual
schemes (see Table 4).
 Large reduction in downstream tidal range for
major
barrages/lagoons
in
estuaries
(Bridgwater Bay, Cardiff-Weston, Mersey,
Thames, Wash, Humber) reduces their energy
output compared to 0D modelling, as expected
(see Figure 1 for example of Severn Estuary).
 Much less effect on downstream tidal range
for lagoons on open coastlines (Rye,
Dymchurch, Cumbria, Wigtown) or smaller
lagoons, suggesting these may be worth
further investigation (see Figure 2).
 The increased tidal range which is visible, in
particular in the Irish Sea and surroundings,
when there is large scale deployment of
multiple tidal range schemes in that area, is
unlikely to be acceptable (see Figure 3).
 Significant interactions (i.e. a negative effect
on tidal range and potential energy) are visible
within the Severn – e.g. the Cardiff-Weston
barrage reduces energy output for lagoons
downstream.

The 2040 scenario with optimistic case tidal range
deployment and medium case tidal current deployment
is used here to represent phasing.
The tidal range sites included (totalling c.23GW), in
order of power generation, are Cardiff-Weston in ebb
only generation (12.6TWh/yr), Morecambe Bay in dual
mode generation with Roll Royce turbines
(9.7TWh/yr), the Wash in dual mode with conventional
turbines (5.9TWh/yr), the Bridgewater Bay in dual
mode with conventional turbines (4.2TWh/yr), the Dee
in dual mode with conventional turbines (1.7TWh/yr),
the Mersey in dual mode with Roll Royce turbines
(1.1TWh/yr) and Kirkcudbright Bay in dual mode with
Rolls Royce turbines (0.3TWh/yr). The tidal current
sites
included
(totalling
c.8GW)
contribute
29.1TWh/yr.
The combination of this level of energy extraction
produces the smoothest power output of all the
scenarios that have been computed to date, which is
shown in Figure 6 that provides the time series data for
a 15 day spring-neap cycle and a 24 hour cycle on both
the spring and the neap tides.
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Figure 6 Localised tidal current development
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extraction is unlimited and therefore extraction requires
close management of the resource both within and
between nearby projects to ensure that the resource is
not over exploited (which could potentially cause
detrimental economic and environmental effects).
However, there is no far-field effect that impacts any
tidal range locations (as specified in these scenarios).

In UK waters, large scale utilisation of the
tidal resource requires significant optimisation
to avoid potentially unacceptable cumulative
impacts and to ensure the most energy can be
extracted from the resource (potentially at
least cost, with least impact on the grid etc.).

Phasing
From a time series analysis, tidal range deployment
around the UK is all essentially in phase if dual mode
generation is used, reducing the options for power
smoothing. With ebb-only generation, the options for
power smoothing are improved. The tidal current sites,
although they are generally all in phase with each other,
are out of phase with the tidal range schemes.
Therefore it is possible to develop a combination of
tidal range and current schemes to contribute to power
smoothing, and the 2040 scenario presented in Results
represents the best scenario investigated to date.
However, although the 24 hour cycle can be
‘smoothed’ significantly through judicious selection of
the combination of tidal range and tidal current sites,
the spring-neap cycle of course cannot be ‘smoothed’
in the same way and the maximum power at spring tide
is still c. 2-3 times that available at neap tide. The only
way that this spring-neap factor could be reduced
would be to reduce the installed capacities of the
schemes so that the capacity factor would naturally
increase.

The extraction of tidal range energy in UK waters has
been shown to have wide-scale and significant effects
in the extreme cases. The combination of all schemes
on the west coast causes tidal range changes which we
believe would be unacceptable.

Therefore, optimisation for environmental/human
impact, energy output, economics or power smoothing
is needed if the overall tidal resource is to be exploited
to its full potential.
2.

The results of the scenario runs computed using the
CSM give the most in-depth and accurate assessment of
energy output from a combination of UK schemes to
date. The CSM scenario run outputs give a clear
indication as to the impact at far-field UK sites.
The impacts across Europe vary depending on the
scenario, but the scenario with the most extreme 2050
case of both tidal range (55 GW) and tidal current (38
GW) deployment shows that there would be an impact
on the European coastline if deployments reached this
level.

Optimisation
10 critical factors for optimising tidal power systems
and 5 optimisation outcomes have been identified.
Optimisation of a tidal power project could be driven
by a number of outcomes, singly or in combination.
The best single outcome optimisation might be based
on maximising energy generation within cost of energy
(CoE) thresholds/constraints as it would ultimately be
possible to incorporate all critical factors (and other
optimisation outcomes) as an impact on the CoE.
Alternatively, it is possible that optimisation could
focus on maximum power generation unconstrained by
CoE thresholds/constraints, with a focus on minimising
environmental impacts, or maximising power
smoothing or minimising impacts on the available grid
network.

5.
1.

Will the extraction of tidal energy resources in one
area affect the tidal energy resources at distant
sites around the UK and Europe?

3.

What constraints might these interactions place on
the design, development and location of future
systems?

The data and information from the scenarios should be
used to inform and educate the process to ensure that
the development of the UK’s tidal resource is
optimised. Clearly, further work is needed (beyond
these scenarios already investigated) to support such
optimisation.
The interactions within and between schemes
developed thus far shows that the level of tidal range
deployment (for near-field and far-field effects) and
tidal current deployment (mainly near-field to regional
impacts) would place constraints on the schemes. Both
effects could potentially impact the success of projects.
Importantly, the installation of later schemes could
have an impact (positive or negative) on an existing
scheme or its effects.

Conclusions
How will the impacts of tidal range and tidal
current energy schemes positioned around the UK
combine to form an overall effect?

The scenarios provide a good representation of possible
tidal deployments through to 2050. From these
scenarios, the implications on the overall near-field and
far-field effects can be summarised as follows.

The operating regime at specific sites and overall
scheme optimisation could be further developed using
the CSM tool, both at a ‘macro’ level in terms of

In general, the extraction of tidal current energy has
been shown to have a severe near-field effect when
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The CSM therefore provides the public, through a feefor-service, with a UK scale tool for assessing likely
interactions between schemes.
For detailed site
specific investigations, further more detailed analysis is
required.

optimising the development of the UK resource and in
terms of specific site considerations.
The interactions are likely to place constraints about
where and how much energy should be extracted. The
scenarios provide a very clear indication as to the likely
level of impacts in particular locations in reasonable
and extreme cases, but this should be investigated
further to ensure that the development of the UK
resource is optimised.
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The CSM has proven, as expected, to be an extremely
useful modelling tool for the analysis of tidal
characteristics on the Northern European continental
shelf and, most importantly for this project, the energy
extraction and interactions resulting from the
development of schemes to harness these tidal
characteristics, be they tidal range or tidal current
schemes.
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