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INTRODUCTION

THE TIGER PROJECT

T

he aim of the TIGER project is to accelerate the growth
of Tidal Stream Energy (TSE) in the FCE region, with significant economic benefits for coastal communities.
It addresses the need to reenergise the stalled TSE
sector in FR and in the UK, which is slow to develop
because sites do not come on stream at a required pace, partnerships between SMEs are not developed to realise the opportunities,
and the public case for tidal energy has not been made to win policy
support for the sector, thus discouraging private investment.
The project intends to address these challenges by building
cross-border partnerships to develop new technologies, test and
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demonstrate them at several locations in and around the Channel
region. The feedbacks from this unique experience will help build a
stronger, cost-effective case for TSE as part of the FR/UK energy mix.
The project brings together sector specialist organisations, SMEs
& technology developers, with academic experts, to build crossborder teams to collectively accelerate the development of the
sector, faster and more effectively than would be possible without
Interreg support. Project partner turbine developers, supported by
academia & research organisations, work together, creating one
new UK/FR supply chain network that will deliver new designs for
improved performing/ lower cost turbines.

THE PROJECT PARTNERS
UNIVERSITY OF EXETER
The University of Exeter is amongst the top 150 universities worldwide according to the Times
Higher Education World University Rankings and is involved in over 100 EU projects. The University
of Exeter has over 20 years’ experience in wave analysis, resource modelling, marine hydrodynamics, moorings, testing, reliability engineering, installation, offshore operations and maintenance.

ORE CATAPULT
Offshore Renewable Energy Catapult is funded by UK Government, as the UK’s flagship technology,
innovation and research centre for wind, wave and tidal energy. It takes part in large-scale collaborative R&D, commercially and publicly funded innovation projects, and operates open-access
test facilities for drivetrain reliability, blade fatigue, component failure assessment and autonomous
systems for remote data gathering and asset inspection.

CAMBRIAN OFFSHORE SOUTH WEST
Cambrian Offshore was set up in 2018 to deliver the Ramsey Sound Regeneration project which
will see the regeneration of a tidal energy deployment site, including a grid connected, subsea tidal
turbine, sub-station and associated infrastructure.

UNIVERSITY OF PLYMOUTH
Plymouth University is a public university based predominantly in Plymouth, England where the
main campus is located, but the university has campuses and affiliated colleges across South West
England.

BRETAGNE DÉVELOPPEMENT INNOVATION (BDI)
Bretagne Développement Innovation is Brittany’s regional innovation and economic development
agency, composed of 50 collaborators.

ÉLECTRICITÉ DE FRANCE (EDF)
EDF is a major French utility that has engaged historically in renewable energies through its subsidiary EDF-RE. EDF has been granted concessions and operates the majority of hydropower plants in
France. This experience of energy extracted from the water has led to an interest into tidal energy
at its earliest stage.
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UNIVERSITÉ BRETAGNE SUD (UBS)
UBS is a public institution of scientific, cultural and professional nature.

MORBIHAN HYDRO ENERGIES SAS
Morbihan was created to exploit the potential of energy resources available in marine environments. It has significant knowledge of the territory, its stakeholders, energy consumption patterns,
distribution, turbine design, production and installation experience.

HYDROQUEST
HydroQuest based in Grenoble (French Alps), was created in 2010 and has developed a complete
range of hydrokinetic turbines able to produce electricity from river, estuary and tidal currents.

NORMANDIE HYDROLIENNES
Normandie Hydroliennes comprises partners SIMEC Atlantis Energy (SAE), AD Normandie and
EFINOR. SAE supplies turbines and expertise to Europe’s largest tidal stream site, the Meygen site
in Scotland. ADN is the regional agency for economic development in Normandy. And Cherbourgbased EFINOR is a metalworking and design enterprise combining three business units – engineering, manufacturing, and support.

UNIVERSITÉ DE CAEN NORMANDIE
Université de Caen Normandie with its several research units specialises in the marine and costal
sciences, is historically turned towards the sea and has acquired knowledge and know-how internationally recognised in this field.

UNIVERSITÉ LE HAVRE NORMANDIE
The Laboratory of Waves and Complex Media (LOMC) is a joint research unit with the French
National Scientific Research Centre (CNRS) and the Université Le Havre Normandie. It has expertise
in both experimental and numerical methods. The marine hydrodynamics group has focused on
tidal energy since 2008 and are well-regarded for their collaboration with IFREMER on investigation
of tidal power. The non-destructive testing group has expertise in health control of metallic and
composite structures by ultrasound.

CENTRE EUROPÉEN DES ÉNERGIES MARINES (EMEC)
EMEC is the leading centre for testing, demonstrating and verifying wave and tidal energy technologies in the sea. To date, EMEC has hosted more marine energy devices than at any other site in
the world.

MINESTO
Minesto is a turbine developer, with a unique patented solution for electricity production from tidal
currents. Minesto is active in several sites around the world, in Northern Ireland, Wales, the Faroe
Islands and Taiwan and has more than 5 years’ experience of testing and installing power plants in
different locations.
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ORBITAL MARINE POWER
Orbital Marine Power is credited with pioneering floating tidal stream turbines since the company’s formation in 2002 in Orkney, Scotland. Orbital have maintained and advanced this position
by developing the world’s leading engineering knowledge and technology in floating tidal stream
turbines.

SEENEOH
SEENEOH brings together the various expertise necessary to carry out tests of tidal turbine technologies in a real environment. Based on the know-how gathered on its test site in estuarine
environment in Bordeaux, SEENEOH assists EDF in the management and operation of the PaimpolBréhat site.

UNIVERSITY OF MANCHESTER
The University of Manchester brings several areas of fundamental research expertise including
hydrodynamic analysis methods applicable to tidal and wind turbines in turbulence and waves,
integrated condition monitoring techniques and innovative manufacturing methods including for
composite structures such as turbine blades.

QED NAVAL
QED Naval is a technology developer specialising in the marine renewable sector. Their tidal platform, Subhub, is a fully integrated system used to support tidal turbines and everything it needs to
generate tidal energy including electrical infrastructure.

EUROPEAN REGIONAL DEVELOPMENT FUND (ERDF)
The Interreg VA France (Channel) England Programme is an EU programme that funds projects
that benefit the Channel area in the south of the UK and north of France, using ERDF funding.
The programme awards funding to projects whose partners work together for solutions to shared
challenges in the Channel area.
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WHAT IS TIDAL ENERGY?
There are two main types of currents: ocean currents (such as the
Gulf Stream), that are influenced by the differences in temperature
and salinity of water mass (deep current) and global winds (surface
current); and tidal currents, that are related to the effects of the gravitational forces exerted by the Moon and the Sun, and the rotation of
the Earth. This tidal effect is significant near the coasts or at the inlet
of rivers. Tidal currents are generally accelerated according to the
topography of the seabed, particularly around headlands, in straits
between islands and in shallow water areas.
It is the latter that are of most interest to industrials. Indeed, located

close to the coasts, they provide potential for supply of electricity
due to their proximity to the energy transport networks.
Europe is characterised by semi-diurnal tides with 4 phases: high
tide, ebb, low tide, and flood. This cycle lasts 12h25 and is repeated
twice for one day. The back-and-forth movement of these masses
of water induces ebb and flood currents. The slack currents phases
correspond to the current reversal and correspond to phases without current. The electricity generation depends on the cubed current velocity magnitude and is thus nil during slack current phases.

OBJECTIVE OF THE DOCUMENT
In order to foster the dynamics of the tidal energy sector, it is
essential to guide developers and competent authorities through
the various stages of project development, streamline the project
authorisation process, improve knowledge by sharing available data
and raise awareness among stakeholders. Facilitating site development and permitting processes will also reduce overall project costs.
The objective of this document is to establish methods and prac-
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tices in project development and to disseminate them to the public
and private sectors. The document has been written by providing
UK and French case examples and is based on UK and French policies and legislation in force at the time of writing.
The guide follows a chronological order corresponding to the order
in which the project development stages take place. The report covers the project area, i.e. the English and French Channel.
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SITE SCREENING:
ASSESSING AND REVIEWING
THE EXISTING DATA

T

he first stage in the development of a tidal energy
project consists in identifying one or several potential
locations suitable for the project. The site relevance
depends on a number of legislative, technical, physical, environmental, and economic factors that will be
detailed below.
The site identification first consists in a desktop screening exercise
based on available data and should be aimed at identifying one

or more promising sites within the wider area being considered.
Several data centres can help gathering information for a first site
screening. At this stage, the parameters to be taken into consideration are mainly of three kinds: the resource, via current and bathymetric data, the uses, via spatial and maritime planning documents,
and finally the environmental issues or sensitivities that are the subject of national and European classifications.

1. CURRENTS & BATHYMETRY
Currents and bathymetry are the key physical parameters to identify a potential tidal site. Both
France and the UK have set up national organisations in charge of collecting and processing the
data at a macroscopic level. European and international initiatives have also been put in place to
cross-share information at a broader scale.

FRANCE
IFREMER is a public institution under the joint supervision of the
French Ministries of Higher Education, Research and Innovation
(MESRI), Ecological Transition (MTE) and Agriculture and Food (MAA).
Recognised worldwide as one of the leading institutes in marine
science and technology, Ifremer is committed to sustainable development and open science. Its 1,500 employees conduct research,
produce expertise and create innovations to protect and restore the
ocean, exploit its resources responsibly, share marine data and offer
new services to all stakeholders.
Ifremer has developed several tools of interest for tidal energy
among which Previmer project and HOMERE database are of particular importance.
HOMERE is a sea state replay database, produced using the
WAVEWATCH III model (version 4.11) on a destructured grid covering the Channel - Bay of Biscay area (NGUG) and covering the period
1994 - 2016 (23 years).
➡ HOMERE Database access
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The SHOM, the French national hydrographic service, is a public administrative institution since 2007. It is placed under the
supervision of the Ministry of the Army with headquarters in Brest
(Bretagne). It is the public operator for maritime and coastal geographical information. Its mission is to understand and describe
the physical marine environment in its relationship with the atmosphere, the seabed and coastal areas, to forecast its evolution and
to ensure the dissemination of the corresponding information. The
SHOM offers various digital databases: bathymetry, tides and currents, nautical charts, etc.
➡ SHOM Geoportal

The Cerema is a public institution focused on supporting public policies, placed under the dual supervision of the Ministry of Ecological
Transition and the Ministry of Territorial Cohesion and Relations with
Local Authorities.
In 2013, areas in the French part of the Channel have been the
subject of specific consultations on three sectors: Fromveur, RazBlanchard and Raz-de-Barfleur. These three sectors were identified

by the Cerema on the basis of a multi-criteria GIS analysis. In 2016,
Cerema has updated the potential based on less restrictive criteria.
Two levels of potential are identified: a short-term exploitable potential, characterised by maximum velocities greater than 2.5 m/s, and
a longer-term exploitable potential, with maximum velocities greater
than 1.5 m/s.
➡ Géolittoral

UNITED-KINGDOM
Established by the UK government in 2001 as an independent
company, the Carbon Trust’s mission is to “accelerate the move
to a low carbon economy by working with business and the public sector to reduce carbon emissions and develop commercial low
carbon technologies”. It has produced a UK Tidal Current Resource
and Economic Assessment that provides estimates for the technical
resource, practical resource for all identified UK tidal stream energy
sites, including individual maps of each resource area.
➡ Carbon Trust
The Atlas of UK Marine Renewables Energy Resources
was first published in September 2004 under funding from the
Department of Trade and Industry’s (DTI) Strategic Environmental
Assessment (SEA) programme for Offshore Energy. The Atlas was
updated in 2007 to ensure that the most reliable data sources
were recognised in the definition of primary resource parameters
for waves, winds and tides and to enable greater access to datasets
through a free to use online web-GIS service.
➡ Renewables Atlas
Other UK databases including current and bathymetric datasets can
proved to be useful: The Wales marine planning portal includes
comprehensive set of data on resource, environment and policies
on tidal energy (e.g., tidal energy leases, marine licences) as well as
on other marine sectors and marine protected areas.
➡ Wales marine planning portal
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So does the Marine Scotland mapping with datasets on tidal
resource and licence location, bathymetric surveys and other
socio-economic activities at sea.
➡ Marine Scotland - National Marine Plan Interactive

The British Oceanographic Data Centre (BODC) hosted by the
National Oceanography Centre acts as the UK national marine data
centre. The facility looks after and distributes data concerning the
marine environment which includes the National Oceanographic
Database (NODB). The NODB is a collection of marine data sets
originating mainly from UK research establishments. Data categories include, for example, acoustics, bathymetry and topography,
currents (horizontal and vertical velocity, Lagrangian currents and
water transport rates), meteorology (radiosonde, met. stations and
data buoys), sea level, water column temperature and salinity, waves
(statistics and spectra).
➡ British National Oceanographic Data Centre
The UK Hydrographic Office (UKHO) is a world-leading centre for
hydrography, specialising in marine geospatial data that helps others
to unlock a deeper understanding of the world’s oceans.
➡ The ADMIRALTY Marine Data Portal provides access
to view and download marine data sets held by the UK
Hydrographic Office (UKHO)

EUROPEAN & INTERNATIONAL
GEBCO (General Bathymetric Chart of the Oceans) is a bathymetric representation of the oceans that can be consulted and used
by the general public. It is produced by the Intergovernmental
Oceanographic Commission and the International Hydrographic
Organization.
➡ GEBCO
The Global Ocean Observing System (GOOS) is an international
observing system created in March 1991. The creation was a “result
of the desire of many nations to gather the information required to
improve forecasts of climate change, the management of marine
resources, mitigation of the effects of natural disasters, and the use
and protection of the coastal zone and coastal ocean”.
➡ GOOS

The European Marine Observation and Data Network
(EMODnet) is a long-term marine data initiative from the European
Commission Directorate-General for Maritime Affairs and Fisheries
(DG MARE) underpinning its Marine Knowledge 2020 strategy.
EMODnet is a consortium of organisations assembling European
marine data, data products and metadata from diverse sources in
a uniform way. Currently EMODnet provides access to marine data
from the following themes (non-exhaustive): bathymetry, geology,
physics, seabed habitats, human activities, coastal mapping.
➡ EMODnet Central Portal

2. MARITIME SPATIAL PLANNING
Maritime Spatial Planning can be defined as a process to ensure a coherent management
of our waters across borders and sectors to ensure human activities at sea take place in an
efficient and sustainable way.
The European Parliament and the Council have adopted a legislation to create a common
framework for maritime spatial planning in Europe. The Marine Strategy Framework Directive
(Directive 2008/56 of 17 June 2008) aims to achieve or maintain the good ecological status of
marine environments by 2020, for a healthy, clean and productive sea. The Maritime Spatial
Planning Framework Directive (Directive 2014/89 of 23 July 2014) which establishes a framework for maritime planning and requires Member States to ensure coordination of the various activities at sea.

FRANCE
In February 2017, France adopted a national strategy for the sea and
the coast, which is the reference document for environmental protection, the development of marine resources and the integrated
and concerted management of activities related to the sea and the
coast. The national council for the sea and coastlines, which brings
together elected representatives and representatives of civil society,
is involved in its drafting and ensures its implementation, monitoring
and evaluation.
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For each of the four maritime areas (“façades”) of metropolitan
France, a planning document - the facade strategy document specifies and completes the orientations of the national strategy
with regard to the economic, social and ecological issues specific
to each facade.
The French Channel is covered by two façades:
➡ East Channel North Sea façade
➡ North Atlantic - West Channel façade

UK
The UK is divided into marine planning regions with an associated
plan authority who prepares a set plan for each area. In Scotland,
Wales and Northern Ireland, the developed administrations are
the planning authorities and in England the Marine Management
Organisation is the planning authority.

In England, there are 11 plan areas. The most relevant ones from
a tidal stream resource perspective and which coincides with the
Channel Region are THE SOUTH MARINE PLANS:
➡ South Marine Plans

THE WELSH NATIONAL MARINE PLAN adopted November 2019
can be found here alongside a useful GIS based planning portal:
➡ Welsh National Marine Plan
➡ Wales Marine Planning Portal
SCOTLAND’S NATIONAL MARINE PLAN was published in 2016
and covers the management of both Scottish inshore waters (out to
12 nautical miles) and offshore waters (12 to 200 nautical miles). It
is also envisaged that 11 regional marine plans will be developed.
➡ Scotland’s National Marine Plan

In preparation for these regional plans, a pilot PENTLAND FIRTH
AND ORKNEY WATERS MARINE SPATIAL PLAN was adopted
in 2016. The aim was to put in place a planning policy framework
in advance of statutory regional marine planning, and it is anticipated that is will establish a useful basis for the preparation of the
two future regional marine plans for Orkney and the North Coast
Scottish Marine Regions, where the vast majority of Scotland’s (and
the UK’s) tidal stream region is located.
➡ Pentland Firth and Orkney Waters Marine Spatial Plan

3. PROTECTED AREAS
Protected areas are geographical perimeters identified as requiring
specific attention as they play an important role in nature conservation, a particular biological or pelagic environment, or because they
have specific landscape or amenity values. Some are established
by national legislations while others are a result of European initiatives. At the global level, the International Union for Conservation
of Nature (IUCN) also plays an important role in driving an extensive
network of affiliated organisations in 148 countries.
According to IUCN, a protected area is a “clearly defined geographical space, recognised, dedicated and managed, by any effective
means, legal or otherwise, to ensure the long-term conservation of
nature and its associated ecosystem services and cultural values”.
Both in France and the UK, Protected Areas refer to a wide number of
designations. In France, there are multiple organisations and stakeholders brought together under a national strategy for Protected
Areas 2030 set up by the Ministry of the Ecological Transition supported by the French Office for Biodiversity, a state-owned operator.
In the UK, the Joint Nature Conservation Committee (JNCC) is the
public body that advises the UK Government and devolved administrations on UK-wide and international nature conservation.
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3.1. MARINE PROTECTED AREAS

FRANCE
An important category within the Marine Protected Areas in France
is the Marine Natural Park (Parc Naturel Marin - PNM). A PNM sets up
a consistent management of a large maritime area. It integrates all
public policies on biodiversity and aims to meet three fundamental objectives: knowledge of the marine environment, protection of
this environment and the species it shelters, and finally the contribution to the sustainable development of maritime activities. Each
PNM has its own local governance that develops and implements
a management plan. The PNM are attached to the French Office of
Biodiversity and are established by decree.

On the French side of the Channel, two marine parks have been
established, the Parc Naturel Marin des Estuaires Picards et de la mer
d’Opale (2,300 km²) and the Parc Naturel Marin d’Iroise (3,500 km²).
➡ Parc Naturel Marin des Estuaires Picards et de la mer
d’Opale
➡ Parc Naturel Marin d’Iroise

UK
On the UK side, Marine Protected Areas include Marine Conservation
Zones (England, Wales, Northern Ireland) and Nature Conservation
Marine Protected Areas (Scotland).
The responsibility for MPAs within territorial waters sits with the relevant country nature conservation body:
• England – Natural England
• Northern Ireland – DAERA
• Scotland – NatureScot
• Wales – Natural Resources Wales

JNCC has developed an interactive map and datasets on MCZ and
NCMPAs:
➡ Marine Conservation Zones & Nature Conservation
Marine Protected Areas

© Cohabys

3.2. NATURA 2000 SITES
Natura 2000 include two types of regulatory areas. First, the Special
Areas of Conservation (SACs), which aim to conserve the types of
habitats and animal and plant species listed in Annexes I and II of
the European Directive “Habitats” of 21/05/1992. Secondly, the

Special Protection Areas (SPAs): they are designated from the inventory of Important Bird Areas (IBAs) defined by the European Directive
79/409/EEC of 25/04/1979 on the conservation of wild birds.

FRANCE

UK

➡ Natura 2000 map
➡ Data sets

In the UK, JNCC has developed an interactive map and datasets:
➡ Special Areas of Conservation & Special Protection
Areas
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3.3. OTHER USEFUL DATASETS
3.3.1. Natural Zones of ecological interest, fauna and flora (ZNIEFF)

FRANCE
A ZNIEFF is an area under national jurisdiction, for which scientific
experts have identified remarkable elements of the natural heritage.
The inventory of Natural Zones of ecological interest, fauna and flora
aims to identify and describe sectors of greater ecological interest
that house heritage biodiversity with a view to creating a knowledge
base but also a decision-making tool (space protection, land use
planning). This classification is applicable both on and offshore.
There are two types of ZNIEFF: Type I ZNIEFFs: ecologically homogenous spaces, defined by the presence of species, associations of
species or habitats that are rare, remarkable, or characteristic of the

3.3.2. The Magic Map

ROYAUME-UNI
At the level of the Government, the Department of Environment,
Food & Rural Affairs (Defra) has set up a GIS application – THE MAGIC
MAP – that identifies multiple onshore and offshore information
including Natura 2000 sites and other marine conservation designations with an important set of information on marine mammals. This
tool includes also useful data related to the environment (protected
areas), historical heritage (protected wreck sites), socio-economic
activities at sea (pipeline, subsurface infrastructures, offshore wind
farms) as well as fisheries and fishing activities.
➡ Magic Map Application
SITELINK developed by NatureScot provides access to data and
information on Protected Areas across Scotland ranging from sites
of local natural heritage to designations of national and international
importance.
➡ Sitelink
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regional natural heritage. These are the most remarkable areas of
the territory. Type II ZNIEFFs are areas that integrate functional and
landscaped natural complexes, possessing a high degree of cohesion and richer than the surrounding environment.
➡ The National Inventory of Natural Heritage (INPN)
piloted by the National Museum of Natural History
(MNHN) lists numerous cartographic data on its website

DETAILED SITE
SELECTION

The selection of the site is the result of the search for an optimal combination between a
site and a technology, according to a certain number of environmental parameters such as
current characteristics, the nature of the seabed, the local bathymetry and ecological parameters.

1. TIDAL POTENTIAL ASSESSMENT
1.1. CURRENT PARAMETERS
Power density in watt per m² (P) depends on the cube of velocity of
the current (v), the density of the fluid (ρ)1:
P=1/2.ρ.v^3
• In this equation, the flow velocity is a key parameter to assess the
global energetic potential. However, the persistence and quality of
tidal stream allowing electricity generation does not rely solely on
the regular periodicity of the tides nor on the maximum velocity of
the current. It is therefore crucial to study tidal dynamics and energy
resource characterization for an accurate assessment of exploitable
electricity production.
The main current parameters to be studied are:
• The mean current magnitude
• The mean power density
• The distribution of the flow speed at different depths
• The spatial and temporal variability of the flow
• The direction and magnitude of the ebb and flood currents and
their asymmetries
• The turbulence intensity and its variability
• The wave/current interaction
• The meteorological effects (wind)

1. For a given turbine, the swept rotor area (S) and the coefficient of performance (Cp)
must be added in the formula.
2. https://webstore.iec.ch/publication/22099
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1.1.1. T
 idal energy resource assessment and
characterisation according to IEC standards
IEC-TS 62 600-201: Marine Energy - Wave, Tidal and other water current
converters - Part 201: Tidal energy resource assessment and characterisation²

In 2015 the International Electrotechnical Commission (IEC) has
developed a technical specification for the assessment of the tidal
resource. It establishes a system for analysing and reporting, through
estimation or direct measurement, the theoretical tidal current
energy resource in oceanic areas including estuaries (to the limit of
tidal influence) that may be suitable for the installation of arrays of
Tidal Energy Converters (TECs). It is intended to be applied at various
stages of project lifecycle to provide suitably accurate estimates of
the tidal resource to enable the arrays’ projected annual energy production to be calculated at each TEC location in conjunction with
IEC 62 600-200 for power performance assessment.

1.1.2. Resource modelling
Tidal modelling covers the modelling of a tidal flow over a range of
scales, from full ocean models to detailed site modelling, with corresponding variation in the models and tools used. At large scales,
tools such as Delft 3D or TELEMAC may be used, and at smaller
scales Computational Fluid Dynamics is likely to be the appropriate
tool, using a range of specific packages.
The major outputs required from models for detailed site selection
are flow velocity (including spatial and temporal variation), turbulence, and wave conditions. Reliable model outputs are dependent
on good input data and model setup, and models should first be validated using recorded data wherever possible.
Detailed site selection should rely on 2D or 3D hydrodynamic model

configurations that have been calibrated and validated with in-situ
data acquired in the site of interest. According to IEC 62600-200,
the model should use a minimal of 8 tidal constituents, a grid resolution smaller than 50 m, and should include energy extraction under
certain conditions. The model should also satisfy numerous recommendations as regards the characteristics of the input data such as
the bathymetry or the field data required for the model validation
(tidal currents and tidal heights). Finally, the influence of non-tidal
processes on the resource should also be reviewed: waves, wind,
stratification, sediment…
Whilst long-term tidal current characteristics can be reliably extrapolated from dataset of length 1-3 months, characterisation of meteorological effects, such as waves and winds, require longer datasets
to capture the seasonal variation. For characterisation of nonextreme meteorological conditions, a minimum of one year of data
is required. For estimation of extreme conditions related to winds
and waves, longer runs are required. For sheltered sites, shorter datasets may be adequate, but for sites exposed to ocean swells, a rule of
thumb is that extreme conditions at return periods of more than 10
times the length of the dataset are highly uncertain.
In the region encompassed by the TIGER project, different models’
configurations have been built to characterise the hydrodynamic of
several tidal energy sites.
In France, there has been extensive works on the resource assessment of the Alderney Race with some models able to comply with
IEC 62600-200. Interested readers should refer to Sentchev et al.
(2020) and/or to Thiébot et al. (2020). As regards the Paimpol Bréhat
site, a refined Telemac2d configuration has been built by Pham and
Martin (2009).
• Pham C.-T., Martin V.A. (2009) Tidal current turbine demonstration farm
in Paimpol-Bréhat (Brittany): tidal characterisation and energy yield
evaluation with Telemac. Proceeding of the 8th European Wave and
Tidal Energy Conference (EWTEC), 8p.
• Thiébot J., Coles D., Bennis A.-C., Guillou N., Neill S., Guillou S., Pigott M.
(2020) Numerical modelling of hydrodynamics and tidal energy extraction in the Alderney Race: a review, Theme issue of RSTA, Royal Society
Philosophical Transactions A, 20190498.
• Sentchev A., Thiébot J., Piggott M., Bennis A.C. (2020) New insights
on tidal dynamics and tidal energy harvesting in the Alderney Race.
Philosophical Transactions of the Royal Society A, Volume 378, Issue
2178.
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In the UK, a number of hydrodynamic models have been developed
for the key tidal sites, including those in the regions of interest to
TIGER. Those wishing to understand the existing hydrodynamic
models that have been undertaken / are available, including for the
TIGER region, should consult the following resources:
• UK Marine Energy Atlas (freely available, very coarse grid). WEBvision Renewables (Tide) (abpmer.net)
• Bourban, Sebastien & Durand, Noémie & M., Liddiard & S., Cheeseman
& A., Baldock. (2013). High Resolution Modelling of Tidal Resources,
Extraction and Interactions Around the UK. (PDF) High Resolution
Modelling of Tidal Resources, Extraction and Interactions Around the
UK (researchgate.net)
• Tidetech Commercial Marine Pty Ltd (Tidetech) provides tidal data.
Tidemap | Tidetech and English Channel Sample | Tidetech
• The Universities of Edinburgh and Plymouth, and Imperial College have
Thetis models that cover most UK sites: https://thetisproject.org/
•T
 he University of Exeter has developed a couple flow-wave model in
TIGER for the Channel region using Delft3D - Flexible Mesh (D Flow-FM)
/ SWAN. Hardwick, J.; Mackay, E.B.L.; Ashton, I.G.C.; Smith, H.C.M.;
Thies, P.R. Quantifying the Effects of Wave-Current Interactions on
Tidal Energy Resource at Sites in the English Channel Using Coupled
Numerical Simulations. Energies 2021, 14, 3625. https://doi.
org/10.3390/en14123625
• University of Plymouth - Thetis model developed in TIGER for Ramsey
Sound.
• University of Southampton: 2D Modelling of Tidal Currents - University
of Southampton Blogs (soton.ac.uk)

➡ Updates on the models developed will be publicised on
the TIGER website.

1.1.3. In situ measurements
Oceanographic instruments for tidal resource assessment are
Acoustic Doppler current profilers (ADCPs). ADCPs are hydro-acoustic
instruments which measure currents over a specific range of water
depth.
Several methods and protocols can be implemented depending on
the expected results:
➡Vessel-mounted ADCP measurements will allow to spatially characterise the flows over a complete tidal cycle. The results, in the
form of a 4D cartographic representation of the flows - Latitude,
Longitude, Depth, Time - will make it possible to identify the most
relevant sites according to the nature of the project.
➡Bottom-mounted ADCP measurements allow the evaluation of
the energy potential through the deployment of instrumented
structures on the seabed. This deployment allows in parallel to
estimate the swell climate and the ambient turbulence by working on the configuration. The choice of the duration of the measurement campaign(s) also depends on the level of precision of
the expected results but also on the factors dominating the local
hydrology:
• Tidal cycle (12h25)
• Lunar cycle (15 day) - Minimum acquisition period for power
performance assessment according to IEC 62600-200
• 35 days or 90 days - Minimum acquisition period for site characterisation according to IEC 62600-201
• Seasonal cycle (1 year)

1.2. BATHYMETRY & SEABED MORPHOLOGY
1.2.1. Water depth parameters & minimum
viable values
Appropriate water depths are required for the efficient operation of
tidal energy converters. The required bathymetry at the selected site
depends on the size of the machine, the energy collection process,
and the type of foundations. Bathymetry is also a significant parameter for the screening of a cable route.
The depth is a complex criterion that may influence positively or negatively a number of parameters:
• Installation and operation: the installation of machines at great
depths multiplies the constraints during the construction and
operation phases (for instance, diving is not possible above 60m
for safety and health reasons and is more complex above 40m ROV should be utilized in those cases).
• Besides large depths are generally encountered far from the coast
which lengthens the duration of access to the site.
• Nevertheless, installation in deep water may reduce the loads
related to the swell which are exerted on the components of the
machines and minimize the impact of turbulence due to bottom
irregularities and the effects of abrasion due to sediment transport.
• Sufficient depth allows to leave a free height between the rotor
and the surface and facilitate safe navigation which can be a key
parameter for consenting.
The required depth for ocean tidal energy devices ranges from about
10 meters to about 60 meters. However, some technologies can
adapt to depths greater than 60 meters.

1.2.2. Bathymetric measurements & seabed
imagery
IHO Standards for Hydrographic Surveys, 5th edition, Special Publication
n°44

A bathymetric survey can be carried on with different type of equipment which provide different resolutions, depending on the purpose
of the study. The IHO (International Hydrographic Organisation)
has defined different orders for bathymetric survey in its standards
which provide a classification of surveys in function of their accuracy
and resolution.
The most common techniques are a survey with a single-beam
or a multibeam echosounder. Echo sounding is a technique for
measuring water depths by transmitting acoustic pulses from the
ocean surface and listening for their reflection (or echo) from the
sea floor. A single beam survey is adapted to understand the general
morphology of the seabed, the best resolution being around 5 m in
general, while a multibeam survey allows a full coverage with high
resolution (in general better than 1 m).
The seabed morphology will determine which areas are suitable for
the installation of the project infrastructure, including the subsea
cables. It will also govern the fixing and mooring requirements for
the marine energy converters and other project infrastructure, as
well as the laying and protection methods for the subsea cables.
In many cases, a stable surface will be chosen to be able to install the
tidal turbines. The ideal is to avoid a significant relief at the level of
the site of implantation and to prioritise the zones with weak slopes
to facilitate the fixing of the tidal turbines.
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The most common tool for seafloor imagery is the side scan sonar
(SSS). This kind of sensors are measuring the intensity of the return
signal. A low intensity indicates a soft material (example: mud) while
a higher intensity indicates a harder seabed. The shape of the seabed also determines the type of soil: rocks and sand have both a
strong return signal, but their geomorphologies are different (ripples for sand, sharp edges for rocks). New techniques are emerging,
some multibeam echosounder are now able to record the intensity
of the signal and can be used for bathymetry and imagery purposes
at the same time.

1.2.3. Preliminary geotechnical survey
Seabed conditions across UK and French tidal turbine sites typically
comprise a thin veneer of coarse granular material (sometimes
absent) overlying bedrock with an irregular undulating topography. Tidal stream projects therefore have a number of geotechnical challenges for turbine, anchors, inter-array and export cabling
and cabling landfall design and siting. They key geotechnical sensitivities and tolerances of candidate technologies to seabed type,
seabed slope, rock strength and quality will partially depend on
the technology characteristics, including whether they sea-bed
mounted or tethered unit and/or choice of anchoring types though
all technologies are likely to shared common sensitivities around
electrical aggregation and export infrastructure siting. As such, it is
recommended that at an early stage a bespoke desk-based assessment is carried out in order to provide recommendations for further
investigation and further onsite survey.

1.3. METEOROLOGY AND SEA CONDITIONS
At the stage of site selection, extreme climatic conditions (frost,
cyclones, etc.) must be identified.
Extreme wave-current combinations are important design conditions for some turbines. Whilst it may not be a showstopper, it
could have significant impacts on CAPEX for increasing component
strength. Very wavy sites may also require more frequent turbine
shutdowns to reduce fatigue damage, thus impacting revenue.
Weather has a direct and significant impact on operations at sea,
particularly in the event of significant reductions in the weather
windows for intervention, which can severely constrain operations
at sea.
Depending on the position of the device in the water column, the
parameters of waves and swell will have a different impact. Floating
devices will prefer sheltered areas with low swell, while seabed
mounted devices will be less impacted.
Concerning the influence of external factors on the resource assessment, the interactions between swell, wind and current are not yet
very well known, because they depend on many factors and are not
easy to measure (intensity and direction of each of these forcing:
swell with the current, swell against the current, swell perpendicular
to the current). However, some recent studies show the effects of

the waves on the current and vice versa: increase in turbulent mixing
with the waves breaking or decrease of the current speeds according
to the direction of wave propagation. The key wave parameters are
the significant wave height (Hs), the peak period (Tp) and the wave
propagation directions. Depending on the duration of the available time series, it will be interesting to analyse the return periods of
waves (1 year, 10 years, 100 years). The Hs-Tp scatter diagrams will
also allow a better understanding of the general wave climate.
Data measured by networks of buoys are available on the UK and
French side:
➡ In-Situ Swell National Data Archiving Centre3:
CANDHIS network
➡ Marine Data in Europe: EMODnet
It is worth noting that high flow sites, coupled wave-tide models
should be run in order to properly capture the wave-current interaction.
➡ Sea state modelling (WAVEWATCH III®) - HOMERE
➡ Cefas - WaveHindcast
➡ RR621 Wave mapping in UK waters: Supporting document & HSE website

1.4. ENVIRONMENTAL IMPACTS OF
TIDAL ENERGY
1.4.1. The state of science
Marine renewable energy remains an emerging industry with a limited
number of small-scale deployments to date (i.e less than 100MW per
array). Consequently, the lack of initial and post-installation data continues to generate uncertainty among regulators and stakeholders
and this increases the perception of risk for many potential interactions between MRE devices and marine animals, habitats and the
environment [Copping & Emery, 2020].
The risk to marine animals, habitats and the environment depends
on the attributes of the device (static or dynamic), the type of device
(wave, marine or riverine tidal) and the spatial scale of a particular
installation (single device or multiple machine farm) [Copping &
Emery, 2020].
The 2020 State of the Science report produced by the Ocean Energy
Systems (OES)-Environmental initiative under the International
Energy Agency’s OES-Environmental collaboration is a reference
document in the sector. The report addresses extensively the state
of art in terms of environmental effects of MRE among which:
• The collision risk for animals around turbines
• The risk to marine animals from underwater noise generated by
marine renewable energy devices
• The risk to animals from electromagnetic fields emitted by electric
cables and marine renewable energy devices
• The changes in benthic and pelagic habitats caused by marine
renewable energy devices
3. “Centre d'Archivage National de Données de Houle In-Situ”.
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• T he changes in oceanographic systems associated with marine
renewable energy devices
• Encounters of marine animals with marine renewable energy
device mooring systems and subsea cables
The report also addresses environmental monitoring technologies
and techniques for detecting the interactions of marine animals
with turbines; risk retirement and data transferability for marine
renewable energy.
➡Copping, A.E. and Hemery, L.G., editors. 2020. OESEnvironmental 2020 State of the Science Report:
Environmental Effects of Marine Renewable Energy
Development Around the World. Report for Ocean
Energy Systems (OES).

1.4.2. Focusing on Marine Mammals
Marine Mammals are an important consideration in the development of tidal energy projects. Two main issues are associated with
the interaction between marine mammals and tidal devices: noise
emissions and collision.
The noise generated by the tidal energy device or tidal arrays varies at the different stages of the project development: installation,
operation, maintenance, retrieval. It also depends on the noise generated by a given technology and its zone of propagation in a given
area. Background noise (natural and anthropogenic) must also be
considered.
Tidal devices might represent a risk of collision for marine mammals, fish, and diving seabirds. There have been no observations
or recordings of a marine mammal or seabird collision with a tidal
turbine, and a limited number of recordings of interactions of fish in
close proximity to a turbine with no resultant harm to the fish. It is
likely that collisions, if they occur, will be very rare events that will be
difficult to observe in fast and often turbulent waters.
At the stage of detailed site selection, a good baseline knowledge of
the environment will make it possible to anticipate possible adaptations or monitoring surveys that will be required to understand,
and where possible minimise, the impacts of any tidal project. Earlystage turbine deployments are expected to be required to follow a
deploy and monitor strategy, requiring environmental monitoring
equipment to be installed to gather data on species interactions
with tidal turbines as they operate. It is hoped that evidence gathered from these early deployments will be used to demonstrate
collision avoidance by critical species and collision risks will become
better understood and less critical for future deployments.
When a project location is defined as an area with tidal potential, a
localised literature review must be carried out to establish a baseline
understanding for the presence of marine mammals and other species in the area. Data should be collected, when available, on:
• Background noise levels: the current generates turbulence noise
at low frequencies and sediment transport noise at high frequencies. The presence of navigation or other pre-existing anthropogenic noise will also need to be considered.
• The species, their sensitivity and their presence in the area: for
cetaceans or pinnipeds (dolphins, harbour porpoises and seals)
various thresholds may apply (derangement, disturbance, damages, etc.). Knowledge of the reproduction and migration lifecycles
of fish and marine mammals is important, even if the favourable
periods for one species may be unfavourable for others.
Once a site is selected, more precise studies with hydrophones and
C-pod measurements should be carried out to establish the baseline survey. Only the IEC 62 600-40 provides a methodology for the
measurement of underwater noise around MEC devices in general.
However, it should be noted that this standard is not complete and
is still being worked on by the IEC TC 114 group.
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1.4.3. Reference organisations for pelagic and
biological environment in the Channel
area
IFREMER is a public institution under the joint supervision of the
French Ministries of Higher Education, Research and Innovation
(MESRI), Ecological Transition (MTE) and Agriculture and Food (MAA).
Its Biological Resources and Environment Department (RBE) is
responsible for studying the living resources of the oceans, helping
to develop them in a context of sustainability and thus contributing
to the socio-economic development of the maritime world, in particular the fishing and aquaculture sectors. Consequently, Ifremer
has extensive data on fishery resources and fishing areas.
There is currently no online portal, however Ifremer has several local
offices which can be contacted to establish how data can be made
available.
GECC MANCHE is an association on cetaceans of the Cotentin
(GECC) which was created in 1997. Its objective is the study and preservation of sea mammals in the Channel. GECC’s data is designed to
be shared: it is public and can be accessed by anyone on request.
The ALDERNEY WILDLIFE TRUST is a wildlife organisation based
in Alderney in the Channel Islands. The Trust works to preserve the
island’s biodiversity, to promote the conservation of Alderney’s terrestrial and marine habitats, to encourage a sustainable Alderney,
and to educate the public about the importance of the island’s wildlife.
THE ROYAL SOCIETY FOR THE PROTECTION OF BIRDS (RSPB)
is a nature conservation charity (and likely project Stakeholder)
which aims to protect vulnerable bird species and their habitats
around the UK.
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1.5. NAVIGATIONAL CONSTRAINTS
It is recommended that as part of initial feasibility, any navigational
constraints are identified. Constraints may arise if there is potential
for significant disruption to shipping or fisheries vessel transits that
cannot be mitigated through micro siting and will therefore be a
function of the candidate technology, nature of local vessel traffic,
channel width and/or potential for “underkeel clearance”.
In the first instance, the following resource provides information of
shipping and fisheries vessel density in the UK.
➡UK Marine Activity Portal
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1.6. W
 RECKS AND UNEXPLODED
EXPLOSIVE ORDNANCE (UXO)
Indicative location of wrecks marked on navigational charts, and
other identified conservation areas and archaeological sites will
present constraints to the proposed project location and consequently should be identified. Information on the location of unexploded explosive ordnance (UXO) (i.e. bombs, mines, etc) should also
be collected as this might pose a significant hazard for any operation
in the area.
For any offshore installation such as cable laying, an UXO risk assessment must be performed. If the desk study concludes that the risk
of UXO is existing, a magnetic survey has to be carried on to produce
“UXO clearance certificates” which must be provided prior to the
execution of geotechnical operations and/or works.

2. TECHNICAL RESOURCES
2.1. GRID CONNECTION
Grid connection should be considered at the early project screening
stage as it has the potential to substantially impact the cost and programme of the project development.
The availability of a suitable grid connection with sufficient capacity
to connect the proposed development is critical for the success of
the project. The length of the cable, i.e., the distance to the coast,
should be minimal to limit electricity losses, costs and inconvenience caused by the installation of the cable. The transmission system operator involved as well as the location of the grid connection
point influence the strategies for connection to the power grid.
In France, the national grid is managed by two public-private
Transmission System Operators (TSO): RTE (electricity transport
network) and ENEDIS (electricity distribution network). Depending
on the power to be exported into the grid, the stakeholder is either
RTE or ENEDIS. French law stipulates that RTE is always responsible
for the connection of fixed offshore wind farms with large capacities
(above 300 MW). For tidal energy projects and the vast majority or
renewable energy installations, ENEDIS will be the main stakeholder.
➡Map of distribution networks
➡Enedis Open Data

In the UK, a Direct Transmission Connection is typically required for
generation which connects to the Scottish network at 132kV and
above and 275kV and above in England and Wales.
A distribution connection involves connection to the distribution
network which in Scotland typically equates to the grid operating voltages 11kV or 33kV and England/Wales as 11kV, 33kV and
132kV. This is also known as ‘embedded generation’.
There are 14 different district networks or DNO (Distributed Network
Operator) regions with 6 operators that must be contacted directly
to apply for a distribution grid connection. It is recommended to
review available information from the relevant DNO on grid capacity
and have initial discussions in the first instance before submitting a
formal grid connection application.  
Distribution connection operators have provided maps and tools for
identifying the availability of grid capacity for new generation projects. Links are provided to the distribution system operators in areas
with commercially viable tidal resource:
➡SSEN (Channel region)
➡SSEN (North Scotland)
➡Western Power (South Wales)
➡SP Energy Networks (North Wales and South Scotland)
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The French Public Distribution Network (RPD – Réseau Public
de Distribution) is managed at regional levels in the Regional
grid connection schemes for renewable energies (S3REnR Schémas Régionaux de Raccordement au Réseau des Énergies
Renouvelables). After validation of the S3REnR, the available capacity on each station can be consulted online. The reserved capacities
are made available as the implementation of the electricity network
adaptation projects defined in the S3REnR progresses.
➡Capacity for the connection of electricity generation
facilities to the transmission and distribution networks
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2.2. LOGISTICS AND SUPPLY CHAIN
2.2.1. Ports and logistics facilities
When identifying an appropriate location for a marine power development the proximity to suitable harbours should be considered for
vessel mobilization for installation and maintenance activities as well
as the availability of specialist services.
Many tidal stream devices will require portside infrastructure with
significant lay down space, high capacity craneage and potentially
all-tide deep-water access to enable large offshore support vessels.
Such port infrastructure can be in short supply and it will typically
need to be close enough to allow rapid deployment to the site, to
accommodate tight weather windows.
A map of the biggest ports and logistics facilities in the Channel area
is provided below:
© BDI
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Map of main ports across the Channel area. Source: SEENEOH
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2.2.2. Supply chain
The MRE value chain can be divided into four sectors, from upstream
to downstream:
• Research and Development (R&D), engineering and upstream
studies
• Manufacturing, assembly, and integration of MRE systems
• Operation and Maintenance (O&M)
• Dismantling and Recycling
European companies currently lead the world in ocean energy. In
the tidal energy sector, Europe has the largest number of full-scale
tidal energy devices. Europe has a chance to consolidate this lead
and dominate a new, high-value global market.
OCEAN ENERGY EUROPE identifies Ocean Energy as the next big
thing in energy. With 100GW to be deployed in Europe by 2050, the
sector will create 400 000 European jobs, new opportunities for traditional maritime industries and revitalize coastal regions.
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Supply chain directories available through offshore renewable
energy sector groups such as at the Marine Energy Supply Chain
Gateway (MESCG) developed by the Offshore Renewable Energy
Catapult will provide links to specific supply chain companies, including those that can assist with early-stage site selection and feasibility.
A new refreshed TIGER MRE directory will be soon available on the
TIGER website.
➡ Marine Energy Supply Chain Gateway (MESCG)
In France, regional supply chain directories are available through the
regional development agencies, such as Bretagne Ocean Power
and AD Normandy in the Channel area. Associations of companies
in the maritime and renewable sectors have also been organised
locally to capture the added value generated by MRE projects.
➡ Directory of Breton marine renewable energy actors
➡ Normandie Maritime
➡ Normandie Energies

