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Abstract
Electricity demand varies over time and this
variability can be defined over short timescales of
seconds to longer durations of weeks and seasons.
Trends of demand patterns have been studied to
better understand energy consumption in the UK.
Studying these trends helps inform prediction of
future demand over short and long term based on
current understanding.
Introduction of renewables into the electricity
network can cause a number of issues related to
generation intermittency. However a systematic
approach can address the issues of network
integration and matching electricity demand with
supply. Due to its predictable nature, energy
harnessed from tidal currents can be predicted to a
high level of accuracy well into the future.
The aim of this study is to explore the availability
of economically viable tidal current energy within
UK territorial waters, and examines the timings of
tidal generation with respect to electricity demand.
This is achieved through development of realistic
build-out scenarios. Time-series data for sites
identified as high energy are obtained using a
combination of sources for the year 2009. Scenarios
incorporate constraints relating to assessment of the
economically harvestable resource, tidal technology
potential and practical limits to energy extraction
dictated by environmental response. Spatial
availability of appropriate bathymetric conditions
are assessed which provides an additional limit on
the energy harvesting potential.

1.

Introduction

Global oil prices reached a record high in July 2008
and although the current economic climate has stunted
the rising prices, the age of cheap oil is coming to an
end [1]. Besides, the continued extraction and
combustion of fossil fuels is having a negative impact
on the environment and this has contributed vastly
towards anthropogenic global warming, with 40% more
carbon dioxide (CO2) particles present in the
atmosphere, in over 130 countries, than prior to the
Industrial Revolution [2].
In the United Kingdom (UK), ambitious targets have
been set by the government to reduce Greenhouse Gas
(GHG) emissions. With the abundant wind, wave and
tidal resources available, it is expected that with the
right set of economic and political drivers, there will be
a significant transition from mostly carbon-based
fossil-fuels towards renewables in the electricity mix.
The focus of this paper is to assess how well tidal
current energy can be integrated into the existing
electricity network. As full-scale prototype testing and
array scale development for different tidal current
technologies are underway, it becomes important to
assess the cumulative generation potential of identified
individual sites, and the impact on electricity network
operation.
Individual tidal site have very specific characteristics
which can have varying impacts on the power extracted
from that specific location. The analysis presented in
this paper draws upon concepts presented in [3] to
evaluate the impact of developing first generation tidal
current technologies in the UK.
In order to set the context, ‘first generation
technologies’ are defined as iterations of existing
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coverage across the UK, this is deemed an appropriate
method, combining two datasets to provide appropriate
spatial and temporal resolution.

prototype devices that are already undergoing precommercial demonstration. A second generation of
technology is defined as being able to be deployed in
significantly deeper water (e.g. greater than 50 metres).

2.

Tidal Resource
Site name

Tidal variability is highly predictable, as it is a result
of the gravitational forces of the Earth-Moon-Sun
system. There are additional small scale variations due
to episodic factors such as meteorological conditions,
but over longer timescales, these contributions are
comparatively small. Tidal forcing is fully predictable
and therefore deterministic, which is a significant
advantage over competing renewable such as wind and
wave as they are stochastic in nature. Due to this
deterministic nature, generation from tidal current
energy should be easier to schedule and integrate into
the electricity network.
However, tidal generation pattern shift by 50 minutes
each day as the tidal cycle is governed by the Moon’s
orbital period of 24 hours and 50 minutes. This means
there will be periods of generation that will coincide
with peak demand, but also periods when supply and
demand will be out of phase.
2.1 Resource Assessment
Resource assessment analysis in this section follows
the methodologies demonstrated in [4]. A Geographical
Information System (GIS) was used to interrogate the
BERR Marine Atlas [5]. The Marine Atlas dataset
provides mean spring and neap tide velocity values and
water depths for the UK continental shelf (UKCS) at a
spatial resolution of approximately 1.8 km2. The
Marine Atlas provides wide spatial coverage but lacks
temporal resolution. Therefore the Atlas was used to
identify cells meeting certain criteria: cells were only
considered appropriate for economic development
where the spring peak velocity exceeded 2.5 m/s. This
criterion is based on the findings of [6] which suggest
that sites that do not experience peak velocity of this
magnitude are considered uneconomic. The second
criterion needs the water depth to be within the range of
25 to 50 metres which is the expected operational depth
for first generation devices [6]. All the sites identified
as meeting the above criteria are listed in Table 1 with
data synthesised from [5].
The UK Hydrographic Office software (TotalTide)
[7] is used to determine time series spanning the
calendar year 2009 by accessing tidal diamond current
velocity data. A limitation is that the tidal diamonds do
not necessarily coincide with the location of the
identified regions. Therefore ‘pseudo diamonds’ have
been created using interpolation techniques outlined in
[8]. The authors have already utilised this approach for
application to tidal diamond data as identified in [4]
where a more detailed explanation is provided. The
combination of applying the velocity magnitude from
one source, Marine Atlas [5] and temporal variation
from another, TotalTide [7] is sub-optimal. However
given the lack of more effective and robust data

Region

Avg.
Depth
(m)

Avg.
Spring
Peak
(m/s)

Pentland Skerries

Scotland

35.50

3.60

S. Ronaldsay P. Firth

Scotland

39.00

3.19

S. Ronaldsay/ P. Skerries

Scotland

43.20

2.93

Duncansby Head

Scotland

36.00

3.25

Inner Sound

Scotland

28.67

3.27

Stroma P. Firth

Scotland

39.29

3.44

Westray Firth

Scotland

29.00

3.81

N. Ronaldsay Firth

Scotland

34.00

2.57

Islay North

Scotland

29.00

2.75

Islay Centre

Scotland

27.75

2.76

Islay South

Scotland

38.88

2.63

Sound of Islay

Scotland

50.00

2.95

Anglesey North

Wales

30.00

2.59

Anglesey South

Wales

31.00

2.60

Ramsey Island

Wales

35.00

2.66

Race of Alderney
Isle of Wight

England
England

31.68
27.50

3.38
2.76

Table 1: List of sites identified in this scenario

More robust in-situ Acoustic Doppler Current
Profiler (ADCP) data was obtained for sites where
possible. For example in the Orkney region, data was
purchased from EMEC for Westray Firth. ADCP data
was also made available by ScottishPower Renewables
for the Sound of Islay [9]. Additionally, data was
accessed via the British Oceanographic Data Centre
(BODC) [10] for the Anglesey region. The different
datasets each spanned over a month long period but
were not coincidint in time. Therefore harmonic
constituents were derived from the ADCP data using
the NOAA least–squared analysis approach [11]. 23
principal constituents were obtained using this
methodology and were then used to recreate the time
series coincident in spatial and temporal resolution to
the rest of the datasets (i.e. spanning 2009). A detailed
discussion of this analysis and the methodology can be
found in [12].
2.2 Power Output Scenario Development
Power generated can be characterised using the
equation [6]:
1
P = C p ρAv 3
(1)
2
where P is the power in Watts (W),

C p is power

coefficient which can be considered as the water to
wire efficiency of the device (for first generation
devices, this in the order of 45%), ρ is the density of
seawater (1025 kg/m3), A is the cross section area or
also referred to as device capture area and u is the
instantaneous current velocity.
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Two scenarios are developed; the first scenario
considers all the energy that can be extracted from the
site and does not account for environmental impact.
However this scenario is likely to be deemed
unacceptable due to the associated environmental
impact. The second scenario considers a constrained
power generation proposal referred to as .the
Technically Acceptable Power, (TAP). This defines the
energy that can be extracted from the site with a predefined environmental impact based upon current
understanding of the engineering potential of the
technology. The specific of the analysis and limitations
to energy extraction are discussed and presented in [4],
[12] and [13]. It is concluded that for the unconstrained
scenario a total of 31.22 TWh/yr can be extracted
utilising a total installed capacity of 11.44 GW. For the
constrained scenario, 14.26 TWh/yr is possible from a
5.4 GW installed capacity. A breakdown of
unconstrained and constrained generation for all the
sites is listed in Table 2.

Generation
Constrained
(TWh/yr)
1.173
0.287
1.085
0.410
0.886
2.658
0.746
0.144
0.493
0.580
1.173
0.104
0.832
0.288

Ramsey Island

0.726

0.625

Race of Alderney

9.766

2.115

Site name
Pentland Skerries
S. Ronaldsay P. Firth
S. Ronaldsay/ P. Skerries
Duncansby Head
Inner Sound
Stroma P. Firth
Westray Firth
N. Ronaldsay Firth
Islay North
Islay Centre
Islay South
Sound of Islay
Anglesey North
Anglesey South

Demand variability

The need for electricity varies over time and this
variability can be defined over short timescales of
seconds to longer durations of weeks and seasons. For
most North European countries, the UK included, the
winter season is dominated by periods of long cold
spells and short daylight periods. Electricity demand is
therefore concentrated during this time when additional
need for heat and lighting becomes necessary, along
with the usual daily domestic and industrial load on the
system. Figure 1 highlights the daily demand profile for
typical and extreme summer and winter demand in
2009. The demand data presented here corresponds to
the year 2009 to allow comparison with the tidal
current energy analysis. Demand data is obtained from
National Grid (NG), the transmission System Operator
in Great Britain.
Traditionally, operation and long term planning
focuses on a very small number of extreme cases in
projecting how much generation will be required and
the network capacity necessary to deliver it.

Isle of Wight

0.664

0.664

Total (TWh/yr)

31.23

14.26

Table 2: Generation potential for all the sites considered in
this study. Data obtained from [4] and [12].

These focus periods are around system peak demand
and system minimum demand. The need to understand
and identify demand patterns is crucial to allow the
system operator to schedule generation. Most of the
analyses conducted in this study are based around
system peak demand as this is the maximum load the
system is expected to deliver. Therefore, all the
parameters examined are associated around system
peak and what the maximum expected demand for
electricity will be. The National Grid expects to plan
and schedule generation for electricity demand at a
growth rate of 1.2% per year [14]. The discussion so far
demonstrates that demand is not constant and there is
an inherent variability in the need for electricity.
Therefore, before adding any inherently variable
generation into the system it is prudent to assess just
how variable existing demand for electricity is.
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Figure 1: GB summer and winter daily profile in 2009 [14].
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3.

Generation
Unconstrained
(TWh/yr)
1.173
0.287
1.085
0.410
0.886
2.658
2.877
0.144
2.580
4.614
2.099
0.104
0.871
0.288
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Figure 2: Inter half hourly demand changes in GB for 2009.

Figure 2 shows an inter half-hourly analysis of demand
fluctuation obtained by measuring the difference in
demand between each half hour period.

4.

5.

Demand and Supply Matching

The national demand for UK is shown in Figure 4
over the week when peak demand occurred, from the
5th to 11th of January 2009 with peak demand occurring
on the 6th of January. The second curve shows residual
demand (demand – tidal) from the 5.4 GW constrained
scenario. This scenario presents a 9.4% penetration
level for this system, with a peak demand of 59.1 GW.
The contribution of tidal current energy to the
system would only reduce the annual system peak on
the 6th by 0.5 GW. The biggest reduction that can be
obtained with the inclusion of tidal in the system will
be in the order of 5 GW, which occurs around midnight
on the 11th; in this instance, peak generation does not
coincide with a significant demand peak. Two days
later, on the 8th, maximum demand for the day was

Generation variability

Figure 3 shows the fluctuation of tidal generation
potential simulated every half hour for each of the
individual sites. Extreme fluctuations above 0.5 GW
can only been seen at the Pentland Firth as it has the
largest installed capacity (2.5 GW). The asymmetry in
the power swings are significant at Orkney, Islay and
Pentland Firth exacerbated particularly for the negative
change. The scenarios developed in [12] identified that
all these sites are predominantly in-phase and therefore
cannot contribute to base load generation. Two of the
largest sites, Pentland Firth and Race of Alderney
together contribute 60% of the total generation.
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Figure 3: Frequency of load change at each individual site for the constrained scenario.
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Figure 4: Change in demand with tidal in the system being considered as negative demand. Circle on Tuesday indicates day of
peak demand. Circle on Thursday indicates largest tidal contribution to demand.

57.3 GW, 12th highest for the year, is reduced by 3 GW
with tidal current included in the system.
As part of the Spring-Neap cycle, even if in this
instance tidal does not make a significant contribution
to peak demand, there are occasions in the winter
period (November to February) when tidal does make a
significant contribution to reducing net peak demand.
This can be seen in Figure 5 where 10% of the peak
demand hours are binned and the average reduction
with tidal in the system are shown. The bars indicate
minimum and maximum value for each percentile. It
can be seen that, although tidal does not contribute
towards all of the half-hourly periods, there is
reduction. Particularly in the 94th percentile where a
reduction of 9% can be seen which equates to the total
tidal installed capacity of the tidal current energy
development scenario. Because of the inherent
characteristic of the resources, the majority of the sites
experience velocity below 0.7 m/s (the cut-in velocity)
for about 30% of the time. It is implicit that, for

approximately 30% of the time, tidal will make no
contribution towards generation.
5.1 System adequacy
One of the key concerns with higher levels of
penetration of renewables in the electricity system is
system adequacy. for example, a worry with large
levels of wind penetration are the high-pressure
weather systems that bring calm winds but periods of
cold weather, leading to high demand for electricity
with little generation from wind. However, tidal should
not suffer from this problem. Figure 6 explore the tidal
current generation time-series relative to time-series of
demand and identifies distribution of power output
level with respect to demand levels. Similar analysis
for wind is also presented in the National Grid Winter
Outlook [14]. The analysis was conducted by
presenting demand as a percentage of peak demand and
grouping the percentage tidal generation as capacity
factor within each of these bins.
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Figure 5: Average reduction in the top 10% of demand half hours with tidal in the system. Bars indicate minimum and
maximum values of reduction.
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Figure 6: Average capacity factor for high demand levels.

6.

Current energy Variability. Third International Conference on
Ocean Energy (ICOE). Bilbao, Spain.

Conclusions

Demand is inherently variable and the inclusion of
tidal in the system increases the number of extreme
short-term changes in net demand but they do not
appear to be severe and seem manageable as suggested
by National Grid [14]. In order to fully comprehend the
additional variability, a portfolio analysis needs to be
done, not necessarily on a national scale but on a more
regional level accounting for network constraints. It is
suggested that in a portfolio scenario, when power is
aggregated from tidal current and a number of other
generators, the variability of the output can be
smoothed by operating the other generators to
compliment tidal power output.
System risk and adequacy with higher levels of
penetration can cause concern over security of supply.
Ultimately the aim is to ‘keep the lights on’, even at
times of peak demand. Analysis suggests that, for the
year of 2009, because of the timing of peak demand
and the variation of tidal cycle, only 0.5 GW was
contributed towards peak demand. However, within the
winter season, when peak demand is likely to occur,
tidal does make contribution to hours up to peak
demand, see Figure 5.
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