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interruptions in power generation should maintenance
be required.
The costs related to these planning disruptions
rapidly become significant as they bring qualified
human resources and marine equipment to a standstill.
An estimation of the costs this generates might lead to a
consideration of alternative strategies and equipment.
In order to optimise the cost and duration of
operations and, ultimately, to determine the installation
schedule and maintenance strategies, this paper
presents a time-series method for evaluating the
accessibility, depending on weather and sea conditions
and on the type of operation to be performed.

Abstract
The marine environment can be subject to severe
conditions that dramatically increase the cost of
offshore operations. In order to optimise the costs
and duration of operations and, ultimately, to
determine
the
installation
schedule
and
maintenance strategies, this paper presents a timeseries method to evaluate the accessibility,
depending on weather and sea conditions and on the
type of operation to be performed, with the use of
the AMER (“Accessibilité en MER”) software.
A test case for the installation of a generic tidal
energy converter has been studied at the PaimpolBréhat tidal current turbine demonstration farm
site. The accessibility of the Paimpol-Bréhat site has
been estimated, provided generic environmental
condition limits (such as wind speed, wave height,
wave period and current speed limits) and technical
characteristics of the operation (duration, night
work). The results show a strong seasonal variation
in the accessibility, with the best conditions
experienced from April to September.
This information is essential in defining the
business plan for a future tidal current turbine,
wave energy converter or offshore wind farm, and
in estimating the electricity generation costs.

2.

The AMER (“Accessibilité en MER”) software used
in this study was developed by EDF R&D, originally
for offshore wind turbine farms [1], and has been
adapted for the tidal energy converters (TECs) by
adding the current speed parameter.
In a simple manner, AMER provides an estimation
of different accessibility indicators for various TEC
installation and maintenance operations, such as (see
Figure 1):
-
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1.

Methodology

-

Introduction

The average waiting time (WT) between two
windows of favourable metocean conditions,
The average number of windows of favourable
metocean conditions.

Its working is based on time-series analysis of
metocean data such as wind speed, wave height, wave
period and current speed, at one site-representative
location. A multivariate approach is particularly
required for the installation or maintenance of TECs
because the expected high tidal current speeds on-site
are likely to disturb and limit underwater operations.

The marine environment can be subject to severe
conditions that dramatically increase the cost of
offshore operations. In the case of the deployment of
tidal current turbine farms, accessibility issues can lead
to delays in installation operations or to long
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Figure 1: Accessibility indicators and favourable metocean windows, source [1].

The operations are described in terms of
environmental condition limits, namely the maximum
wind speed, wave height, wave period and current
speed values. Complementary parameters such as day
and night periods or visibility might also be taken into
account.
The operational limits being thus defined, the
AMER software analyses the multivariate time-series
in order to assess the accessibility of a given location.

3.

Test case

The methodology described is applied to the
installation of a generic TEC at the tidal farm
demonstration site at Paimpol-Bréhat. Indeed, on July
15th 2008, EDF announced its decision to build the
first tidal turbine demonstration farm in France
generating electricity from the energy of tidal currents.

Figure 3: Tidal rose of measured depth-averaged velocity,
source [2].

3.1 Study area

3.2 Operational conditions

The Paimpol-Bréhat site is located off the Northern
part of the coast of Brittany in France (see Figure 2).

According to the chosen strategy for the installation,
i.e. the choice of the type of vessel, TEC, foundation,
necessity of submarine intervention, safety levels etc.,
different metocean limits and the operation duration
can be defined.

Paimpol-Bréhat

We consider in this study the illustrative example of
an installation operation (see Table 1). It is assumed
that night work would not be allowed mainly for safety
reasons. The current speed limit is set to 1.25 m/s, on
the grounds that high speeds would generate a
substantial drag force exerted on the TEC and its
foundation, thus leading to complex and risky offshore
operations. The wave period may be limited by the size
and other specific characteristics of the vessel utilised.
Large vessels are unlikely to be sensitive to short wave
periods but might be disturbed as soon as a particular
threshold is exceeded. Operations are obviously limited
by the wave height; the spectral significant wave has
been retained as the best indicator of the sea-state for
accessibility. It is supposed that the harbour is close to
the installation site, in order that the transportation
duration can be neglected, provided that the
transportation is not submitted to strong metocean

Figure 2: Paimpol-Bréhat, France.

Two measurement campaigns were conducted over
the Paimpol-Bréhat site. They recorded tidal current
speed [2]. Over the two measurement operations, the
maximum surface velocities reached 3.0 m/s during
flood tide and 2.3 m/s during ebb tide [2]. The flow is
bidirectional with two main directions that are not
exactly opposite (around 200° bearing) [2]. Figure 3
exhibits the ebb/flood asymmetry.
2

limits. Consequently, the duration envisaged excludes
transportation durations and only represents the
deployment of the TEC and its electrical connection to
an existing offshore cable that is connected to the
electric grid.
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Figure 4: Monthly mean waiting time and mean duration of a
window throughout the year.

This test case illustrates the monthly variation in
accessibility. The seasonal variations are significant,
with the mean waiting time more than doubling from
summer to winter. The change in the mean duration of
a window is consistent with the waiting time, since a
typical window offers during the summer between one
and two days to start the installation whereas during the
winter the favourable windows are much shorter.

Table 1: Operational conditions.

3.3 Metocean data
The AMER software reads a 10-year database built
over a 3-hour time-step.
The sea-state data (the spectral significant wave
height, Hmo, and the peak period, TpR5) are extracted
from the hindcast model ANEMOC, built in
collaboration between EDF R&D and the “Centre
d’Etude Techniques Maritimes Et Fluviales” CETMEF
[3], from TOMAWAC coastal model results and with
ERA-40 wind data base. The values are obtained taking
into account moving maxima of the hourly data over
3 hours.
The 10 m wind speed time-series, Vw, comes from
the ERA40 re-analysis produced by the “European
Centre for Medium-Range Weather Forecasts”
(ECMWF). As the ERA-40 data were provided with a
6-hour time-step, the extra data required to obtain a 3hour time-step have been interpolated as the average of
the previous and the following data.
The tidal current surface speed time-series, Vc, is
built from the harmonic analysis of at-sea
measurements. The values are obtained taking into
account moving maxima of the hourly data over 3
hours. It seems worth noting that over certain sites the
spatial variation of the current speeds can be strong.
Therefore, special attention should be paid in the case
of extrapolation of the results to a distant location, for
example in the case of a large-scale deployment.

The installation should preferably be undertaken
within the period running from April to September.
However the operation, as defined previously, seems
difficult to accomplish since the mean waiting time
remains lengthy over this period (around nine days).
3.5 Sensitivity analysis
A sensitivity study is carried out in order to improve
understanding of the relative importance of each of the
environmental constraints for this site and thus for the
duration of the operation.
The reference conditions on which the sensitivity
analysis is based conform to Table 1. The results are no
longer given according to the month of the year, but
depending on the season (as defined in Table 2) in the
interests of clarity.
Winter
December
January
February

Spring
March
April
May

Summer
June
July
August

Autumn
September
October
November

Table 2: Seasons and associated months.

The first parameter analysed is the current speed
limit. It varies from 1 m/s to 2 m/s. Below 1 m/s, the
operation is no longer feasible. This is due to the
location having been expressly selected for the strength
of its tidal current. However, a small current may be
preferred to zero current in order to stabilise the TEC
and its foundation within the flow. The slack of the tide
can be a period of highly turbulent flows and thus
hazardous. Figure 5 shows how sensitive accessibility
is to the tidal current speed limit. If the limit is
increased to 1.5 m/s, i.e. by 0.25 m/s, the mean waiting
time is approximately halved for each season. On the
other hand, reducing the limit to 1 m/s makes the
intervention unfeasible to realise. Depending on the
cost of the immobilisation of equipment and qualified
human resources onshore, installation procedures might
have to be improved so that the tidal current speed limit

3.4 Results
The accessibility of the site is here given in terms of
mean waiting time and mean duration of a window for
each month of the year (see Figure 4).
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can be raised, to avoid the sharp increase in the mean
waiting time when the current speed limit is below 1.50
m/s.
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Figure 8: Sensitivity of accessibility to the spectral
significant wave height limit depending on the season of the
year.

The mean waiting time varies regularly depending on
the duration of the operation. Figure 9 shows that
reducing the duration can facilitate the accessibility
during summer and winter.

Figure 5: Sensitivity of accessibility to the tidal current speed
limit depending on the season of the year.

The sensitivity of accessibility to wave and wind
limits demonstrates how marked the seasonal variations
are, which is consistent with historically observed wave
and wind conditions. Figure 6 (sensitivity to wind
speed limit) shows that, considering the same wind
speed limit, the mean waiting time is increased by a
factor of approximately 3 from summer to winter.
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Figure 9: Sensitivity of accessibility to the duration of the
operation depending on the season of the year.
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Conclusion

The feasibility and/or the cost of installing a tidal
energy converter (TEC) are dependent on the
accessibility of the site. In order to assess the
accessibility of a given site, EDF R&D developed the
AMER (“Accessibilité en MER”) software, based on
time-series analysis. A test case has been studied on the
Paimpol-Bréhat tidal current turbine demonstration
farm site for the installation of a generic TEC from a
harbour supposedly close to the site.

autumn

Figure 6: Sensitivity of accessibility to the wind speed limit
depending on the season of the year.

Lowering the wave period and the wave height
limits during the summer would not have a significant
impact on accessibility, whereas applying the same
changes in winter dramatically increases the waiting
time (see Figure 7 to 8)
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wave period and current speed limits) and technical
characteristics of the operation (duration, night work),
the accessibility to the Paimpol-Bréhat site has been
estimated through two indicators: the mean waiting
time between two windows of favourable metocean
conditions and the mean duration of a window.
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The results show that accessibility issues should be
taken into account as the mean waiting time is of the
order of 9 days during summer and 27 days in winter.
Due to the marked seasonal variation in accessibility,
the installation of the generic TEC should preferably be
undertaken over the period running from April to
September.
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Figure 7: Sensitivity of accessibility to the wave peak period
limit depending on the season of the year.
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The sensitivity analysis exhibits that the most critical
factor is the tidal current speed limit (which is not
surprising as tidal sites are chosen for tidal currents that
are particularly strong). If the tidal current speed limit
were increased from 1.25 m/s to 1.50 m/s, the mean
waiting time would be halved throughout the year. The
wave and wind limit variations have a lesser impact
during summer and spring. Their influence on
accessibility is more significant in winter. Besides,
reducing the duration of the installation improves
accessibility. The results might lead to a rethink of the
installation process and equipment so that, for example,
a higher tidal current speed limit might be acceptable,
especially if large-scale deployment of TECs were
envisaged. Indeed, the number of vessels or the number
of years required to build a large tidal farm might not
be satisfactory for economic reasons.

The AMER software gives ocean energy project
managers the possibility of identifying the best period
for every type of operation considered and thus of
adapting installation and maintenance strategies to the
site features. The ultimate benefit of this tool is that it
provides the accessibility characteristics of an offshore
site, which will condition the costs of the installation
and maintenance operations. This information will be
crucial for defining the business plan for a future tidal
energy converter, wave energy converter or offshore
wind farm and for estimating the electricity generation
costs.
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