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CONTEXT

Because of their physical
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Figure 4: Bathymetric map of the Celtic Sea and the Gulf of Gascogne
Source: wikipedia.org

This report is prepared in line with the project requirements of work package 3 (WP3) MERIFIC project
(‘technology support’). Through a study of existing literature, this paper summarizes and compares different
conclusions from observation campaigns and monitoring reports, scientific articles and internet websites and
aims to provide a key to understanding environmental impacts, proven or suspected, generated by marine
energy extraction devices.
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The set of matrices for each stressor and receptor is presented in Appendix 5.

The impacts can be classified according to several criteria. The nature and magnitude of an impact on
the ecosystem depend on the extent of the duration and the intensity of the changes caused by the
development (Carlier & Delpech, 2011). There are hundreds of concepts of energy exploitation of the
seas that exist. Impacts are therefore to nature and variables of intensity. Hence it is difficult to define
a standard of protocol for assessment.

However, tools do exist to establish the extent of the effects that project implementation could have as
an impact on the environment. These tools allow common protocols to be defined, the limits of
environmental acceptability and require the state to be accountable for the level of conservation of
natural areas. These tools help to ensure a level of respect for the environment, in line with the
concept of “sustainable development”.
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2. IMPACT STUDIES AND LEGAL FRAMEWORKS

The challenge for scientists is to develop information, from both the qualitative and the quantitative approach,
integrating all elements of an ecosystem, for the assessment of impacts on the environment. Decision making
tools should be in place to help guide developers, both for optimisation of project conception as for strict
control requirements (Linely et al., 2009).

Requlatory Tools

EIE

The “EIE”, “Evaluation of Environmental Impact” determines the authorisation of certain projects, public or
private, that have or might have a physical effect on the environment, is assessed by a ‘national authority’. This
assessment should determine the direct and indirect effects of these projects on human beings, fauna, flora,
soil, water, air, climate, landscape, material assets and cultural heritage, as well as the interaction between
these elements (europa.eu).

The EIE facilitates the integration of environmental issues in the design of projects and thus save on budgetary
resources, both public and private, because the cost of an EIE are considered “negligible” compared to the high
costs that could be caused by unanticipated environmental problems that arise at an advanced stage.

In addition, the EIE formalises public participation by allowing it to contribute to the design concept of the
project. This generally promotes acceptability of projects.

The problem is that the EIE currently lacks baseline ecological data (initial state of the environment), which
limits their implementation. As emphasised by Gill (2005), the major problem with the integration of ecology in
planning and decision making is the lack of adequate information. On the other hand, it is rare that the EIE
address the cumulative effect of existing activities or other locations provided. The ESIE (Strategic Study of
Environmental Impact) on the other hand, takes into account cumulative effects and synergies at larger scales
than the project (Wilhelmsson, 2010).

ESIE

The “ESIE” (“Strategic Assessment of Environmental Impact”) Directive is intended to supplement the EIE
(europa.eu).

The Member State responsible for the development of a project is required to send a copy of the project,
together with a copy of the report on environmental incidences to neighbouring States where it considers that
the project is likely to have environmental incidences on their territory, or at the request of the other member
State/s. These can initiate consultations on crosstborder impacts of the projects with the responsible member
State, as well as the measures envisaged to reduce or eliminate these incidences.
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When a project is approved, the Member State responsible shall inform all stakeholders and provide them with
the following:

e Planning or programme adopted;

e Statement summarizing how environmental considerations have been integrated and their
relationship to the environmental incidences;

¢ Opinions and the results of consultations;

e Reasons for the choice of the project as adopted,;

e Statutory requirements/measures for monitoring.

This assessment takes into account the likely significant effects of the implementation of the project, including
the short, medium and long term effects, permanent and temporary, positive and negative effects, side effects,
cumulative and synergistic and correlations with:

e Biodiversity, habitats, fauna and flora;

e Geology, substratum and coastal geomorphology;

e landscape or seascape;

e Aquatic environment;

e Air quality;

e Climate and weather;

e Population and health;

e Other users, physical assets (infrastructure, other natural resources);
e Cultural heritage;

e Protection of sites and species.

(DECC, 2011)

Member States can provide coordinated or joint procedures in order to avoid duplication of environmental
assessment when the project is covered by this Directive and other Community Acts.

Figure 10: Main differences between the EIE and ESIE, adapted from Eales et al., 2003
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Source: Wilhelmsson et al., (2010)

The Guidelines - Fauna Flora Habitats and Birds and the Natura 2000 network

The 'Birds Directive' (79/409/CEE, 1979) offers the longrterm conservation of wild birds in the European Union
targeting 181 species and subnspecies, in particular migratory birds and those considered rare and vulnerable.
More than 3000 sites have been classified by the member States of the European Union as Special Protection
Zones (ZPS).

The directive “fauna flora habitats” (92/43/CEE, 1992) establishes a framework for community action
conservation of fauna and flora and their habitats. This directive lists over 200 types of natural habitat, 200
animal species and 500 plant species of community interest in need of protection. Special Conservation Zones
(ZSC), currently more than 2000 for 12% of European territory, aim to promote the maintenance of biodiversity,
taking account economic, social, cultural, regional, and establish measures to maintain or restore a favourable
conservation status, natural habitats and species of interest to the European Union.

The ZPS and ZSC form a network of conservation areas called “Natura 2000”.

The Natura 2000 network is a collection/grouping of European zones of nature, land and marine, identified for
rare or fragile wildlife, animals or plants and their habitats. Natura 2000 balances nature conservation and
socioteconomic concerns (developmentndurable.gouv.fr). Networking sites extend throughout Europe in order
to make this initiative consistent with preservation of species and habitats. (Annex 3, Natura 2000 Iroise Sea)

According to the strategy for biodiversity in the European Union, the implementation of MRE (Marine
Renewable Energy) devices must take account of Natura 2000 sites/zones in order to underpin the objectives of
these guidelines. In France projects, plans, programmes or events that may significantly affect the natural
habitats and species present on a Natura 2000 site must have the impacts assessed. A simplified evaluation
form is provided by the departmental territories of the sea, and if it can demonstrate that the issues of
conservation of habitats and species or sites/area are not threatened, there will be no need for further studies.

In France, the Natura 2000 network in the sea stretches to 39,848km2 of marine areas, nearly 40% of its
territorial sea (in February 2010).
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Figure 11: The location of candidate sites in the UK of Special Areas of Conservation
S 1 Sandbanks slightly covered with water; E 1 Estuaries; M 1 not covered mudflats during low tide; | 1 Large
shallow inlets/coves/creeks and bays; L 1 Lagoons; R 1 Reefs; C 1 Sea caves; HS 1 Harbour seal (seals); GS 1 Grey
seal; CS 1Common Seal; BD 1 Common Dolphins

Source: Hiscock et al., (2002)

The above document (Figure 11) shows the diversity of the Natura 2000 network sites (in the UK).

20 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



The "Natural England"

Natural England is a British government agency that is in charge of issues for nature conservation throughout
the United Kingdom. With regards to the marine environment, Natural England addresses issues for the coastal
zone within the 12 miles limit from the coast.

"Sites of Special Scientific Interest" (SSSl) in the UK

SSSI's (Sites of Special Scientific Interest (SSSI) are designate as protected areas. This is a fundamental element
in British legislation for the conservation of natural sites and on which many other notions of British law are
based, such as the National Nature Reserve, sites under the Ramsar Convention, ZPS's and ZSC.

Governance Tools

The BACI

Wherever possible, dem.08rlation
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Within marine parks, certain activities that may affect the environment, are submitted for authorisation in

accordance with the procedure “notice of conformity” in the case of significant impacts or with the procedure
“simple notice” in cases of minor impact (all fishing activities).

We still have very little leeway on the environmental impacts of MRE, due to the low number of sites.
Scientific knowledge comes mainly from the existing/installed offshore wind farms. The diversity of the

types and systems for the collection of data must be taken into account to adapt the devices for minimal
impact on the environment.
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2. MARINE ENERGY

The different types of marine energy

The sea is a fluid rich in energy flows that can be exploited in the following forms: offshore wind energy, wave
energy (houlomotrice), tidal / currents energy. The harnessing of all these energies is possible and has already
started in different locations around the world, at different stages of development.

Figure 13: MRE projects in RTA regions
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generally being lower, the recoverable power per unit area of helix is much greater than for a wind turbine.

Ocean currents are predictable, notably thanks to tidal currents, we can accurately estimate their production of
electricity.

Figure 15: Image of a synthesis demonstrator Sabella D10 immersed in the passage of Fromveur to Ouessant
Source: connaissancedesenergies.org

Source: fr.dcnsgroup.com Source: letelegramme.com
Figure 16: The PaimpoliBrehat Turbine

Marine Turbines are very expensive to maintain, which is frequent, and is difficult because of their immersion in
water. For this reason, some turbines have a structure that can be raised above the water. Ballast systems can
raise and lower the production units, as at SeaGen in Strangford Lough in the United Kingdom.
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Source: bbc.co.uk

Figure 24: The Wave Hub
Source: energiesdelamer.blogspot.fr

Witt et al., (2012) published a study on the effects of biodiversity on the Wave Hub.

Offshore Windfarms

The wind is much stronger and more constant at sea than on land. It establishes over wide areas free of
obstacles (ifremer.fr).

Source: infoniac.com Source: kknelectronic.com
Figure 25: Wind Farms of Horns Rev and of Nysted Park Offshore in Denmark

Offshore wind farms differ in their anchoring system. Can be distinguished:

— Gravity based foundations, attached to the bottom by their own weight or dense materials. These
devices are generally limited to shallow waters and require preparation of the seabed.
— Single pile foundation or Monopile foundation
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Characteristics of environmental and social impacts can be acquired through experience from pilot
plants of a significant size. Wave and tidal power technologies are in their infancy, but the lessons
learned from the operation of offshore wind farms are applicable to the operation of hydrokinetic
energy and wave energy, as they are independent of the type of devices for energy production.

In the future, wind farms and wave power could share the same foundations, the same electricity
transmission lines and maintenance costs; a sharing accompanied by a decrease in the overall
disturbance of the marine environment (Wilhelmsson et al., 2010).

Each MRE project is characterized by its site and technology implementation that will affect a given
space in a given period.
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3 SUMMARY OF THE ENVIRONMENTAL IMPACT OF MARINE RENEWABLE ENERGY

Impacts on hydrodynamics and sediment dynamics

The physical presence of structures can disrupt coastal dynamic processes in the fields near to and far from MRE
installations and change the landscape. The recovery of energy from waves and currents involves intercepting
the kinetic energy which, in other circumstances, would be dispersed elsewhere in the marine environment.
The interruption of the natural dynamics of marine energy will affect other physical processes (sedimentation,
currents) and ecological (dispersal of food resources, larval recruitment, reproduction of species, etc), as well as
human activities that are influenced by the functional dynamics environment or dependents.

The scale of the impact felt will depend essentially on the amount of energy extracted rather than the extraction
method (lan Walkington), although it is clear that different types of facilities cause different types of impacts
(Bell & Side, 2011).

The consequences of such disturbance can have a direct impact on many environmental receptors: flora and
fauna, navigation channels, coastal terrain, coastal defenses, etc. (Huddleston et al., 2010).

Physical presence; flow disturbances

Obstacles to flow tend to affect transportation of sediment, the order of a meter or kilometer and erosion
around the installations (Walkington & Burrows, 2009).

Disturbance to flows induced by the mere physical presence of undernwater elements, generate an increase in
the water velocity around the foundations and therefore causes a winnowing (erosion) at the foot of the
foundations creating a "scour pit" which can range from 0 to 100 meters.
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Figure 34: Leveling around a monopile
Source: Rees, 2006

It is recognised that the size of this type of sedimentary winnowing is limited to 10 times the diameter of the
obstacle (OSPAR,2006).

Technically this effect can be reduced by the introduction of antinscouring materials around the obstacle.

Enerqy Extraction

The removal of sufficient kinetic energy causes an
aerodynamic change in the wake of the obstacle
(hence the hydrodynamics in the wake of a Wind
Turbine support).

Figure 35: Hydrodynamics changes in the wake of a
wind turbine monopile

Source: Christiansen (2005)
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Risk Avoidance

When encountering offshore Wind Farms, marine birds and / or migrators tend to bypass the Farm rather than
pass between the wind turbines. This behaviour causes a change in the length of the migration route (Masden
et al., 2009) and therefore a greater effort associated with the longer distance (Tulip.et al., 1999; Petterson &
Stalin, 2003; Drewitt & Langston, 2006; Laresen & Guillemette, 2007). It changes the way birds use the habitat
(Langton, 2011). These obstacles could be on travel routes preferred by certain species of birds, the route
connecting areas / locations for feeding, resting, nesting, etc. (Drewitt & Langston, 2006). This effect of
avoidance was observed from 100 to 3000m from offshore installations (Winkelman, 1992; Christensen et al.,
2004, Kahlert et al., 2004), during the day or at night (Winkelman, 1992; Dirksen et al., 1998).

A detailed study of the cumulative effects of several wind farms in the same area is required. An assessment of
the impact of several offshore wind farms in the coastal region of Germany. Indicate that, depending on the
species, 2 1 6% of the seabird population in the country could be affected (Dierschke et al., 2006). Modeling
tools are available for different scenarios and different types of
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Figure 43: Flight paths of birds during the commissioning of the wind turbines at Nysted Offshore Wind Park in
Denmark
Detection by radar. The black lines indicate the flights of migratory birds, the red dots represent the wind
turbines.
Graphic scale bar: 1000m
Source: Desholm & Kahlert (2005)

The severity of the effects on local bird population largely depends on the ability of the birds to find
replacement habitats (WhilelImsson, 2010).

The "barrier" effect on marine fauna is very poorly documented. Globally it results from two distinct effects:
electromagnetism and noise. Both stress factors will be addressed in specific chapters.

Loss/ degradation of habitats

Avoidance of wind turbines results in a loss of effective habitat, not only in the area of the wind farm but also in
the buffer zone around the park. The effects of collision or avoidance could cause a loss / degradation of
habitats. The inappropriate implementation of MRE in sensitive zones or of interest such as spawning grounds,
resting areas, feeding, strategic routes or regions with rich biodiversity is susceptible to having a negative impact
on certain taxons (Inger et al., 2009). Especially when these habitats are limited in terms of availability, size and
that the dependent species have a low number of recruits or develop slowly (as with the elasmobranchs). If the
substitute habitats are limited in terms of quality and caliber they are already occupied (that is to say they have
achieved or are approaching their capacity), then the increase in density would result in strong competition for
the available resources and so, there would be an increase in the mortality rate and lead to a decline in the size
of the local population (Linley et al., 2009).
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Stressor matrix: Energy removal - commercial-scale deployments.
Source: Polagye et al., 2010.
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Receptor matrix: Physical environment: Far-field pilot-scale deployments.
Source: Polagye et al., 2010.

03 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



96 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



97 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



LACOSTE K.N., MUNRO J., CASTONGUAY M., SAUCIER F.J. and GAGNE J.A. (2001). The influence of tidal
streams on the prenspawning movements of Atlantic herring, Clupea harengus L., in the St Lawrence
Estuary. ICES Journal of Marine Science, 58(6): 158611598.

LAMPKIN D.O., HARRIS J.M., COOPER W.S. and COATES T. (2009). Coastal process modeling for
offshore wind farm environmental impact assessment best practice guide. COWRIE Report COASTIO71
08. Report prepared for COWRIE by ABPmer Ltd and H R Wallingford. COWRIE Limited, London.

LANGHAMER O. and WILHELMSSON D. (2009). Colonisation of fish and crabs of wave energy
foundations and the effects of manufactured holes: A field experiment. Marine Environmental
Research 68: 1511157.

LANGHAMER O., WILHELMSSON D. and ENGSTROM 1J. (2009). Artificial reef effect and fouling impacts
on offshore wave power foundations and buoys: A pilot study. Estuarine, Coastal and Shelf Science 82:
4261432.

LANGLOIS T.J., ANDERSON M.J., BABCOCK R.C. (2005). Reefrassociated predators influence adjacent
softrsediment communities. Ecology, 86, 150811519.

LANGTON R., DAVIES .M. and SCOTT B.E. (2011). Seabird conservation and tidal stream and wave power
generation: Information needs for predicting and managing potential impacts. Institute of Biological and
Environmental Sciences, Zoology Building, University of Aberdeen, Marine ScotlandrScience, Marine Laboratory.

LARGIER J., BEHRENS D. and ROBART M. (2008). The potential impact of WEC development on nearshore and
shoreline environments through a reduction in nearshore wave energy. Pp. 52173 in Developing Wave Energy in
Coastal California: Potential SocionEconomic And Environmental Effects. NELSON P.A. et al.

LARSEN J.K. & GUILLEMETTE M. (2007). Effects on wind turbines on flight behaviour of wintering common
eiders: implications for habitat use and collision risk. J. Appl. Ecol. 44, 5161522.

LINLEY A., LAFFONT K., WILSON B., ELLIOTT M., PERZIDOMINGUEZ R., BURDON D. (2009). Offshore and Coastal
Renewable Energy: Potential ecological benefits and impacts of largenscale offshore and coastal renewable
energy projects. NERC Marine Renewables Scoping Study, Final report.

LINLEY E.A.S., WILDING T.A., BLACK K., HAWKINS A.J.S. and MANGI S. (2008). Review of the reef effects of
offshore windfarm structures and their potential for enhancement and mitigation. Report from PML
Applications Ltd and the Scottish Association for Marine Science to the Department for Business, Enterprise and
Regulatory Reform (BERR) under Contract N° RCFA/005/0029P.

MACLEAN I.M.D, SKOV H. and REHFISH M.M. (2007a). Further use of aerial surveys to detect bird displacement
by offshore windfarms. COWRIE report EXTDISPi06n07. BTO Research Report No. 482. Report prepared for
COWRIE by the British Trust for ornithology, DHI Water and Environment, and biola. COWRIE Limited, London.

MACLEAN |.M.D, WRIGHT L.J., SHOWLER D.A and REHFISCH M.M. (2009). A review of assessment methodologies
for offshore windfarms. COWRIE Report Methn08108. Report prepared for COWRIE by the British Trust for
Ornithology. COWRIE Limited, London [updated version issued 2010].

MADSEN P. T., WAHLBERG M., TOUGAARD J., LUCKE K., & TYACK P. (2006). Wind turbine underwater noise and
marine mammals: Implications of current knowledge and data needs. Marine Ecology Progress Series, 309, 2791
295. d0i:10.3354/meps309279

MADSEN P.T. (2005). Marine mammals and noise: Problems with root mean square sound pressure levels for
transients. J. Acoust. Soc. Am. 117, 395213957.

112 | Synthesis Literature
Environmental Impacts
Marine Renewable Energy



Marine Mammal Commission (MMC). (Ed.). (2007). Marine mammals and noise: A sound approach to research
and management. Bethesda, MD: MMC. 370 pp.

MASDEN E.A., FOX A.D., FURNESS R.W., BULLMAN R. and HAYTON D.T. (2010). Cumulative impact assessments
and bird/wind farm interactions: developing a conceptual framework. Environ. Impact Assess. Rev. 30, 117.

MASDEN E.A., HAYDON D.T., FOX A.D., FURNESS R.W., BULLMAN R. and DESHOLM M. (2009). Barriers to
movement: Impacts of wind farms on migrating birds. ICES Journal of Marine Science 66: 7461753.

MASDEN NE.A., FOX A.D., FURNESS R.W., BULLMAN R. and HAYDON D.T. (2010). Cumulative impact
assessments and bird/wind farm interactions: Developing a conceptual framework. Environmental Impact
Assessment Review 30: 117.

MAUNSELL F. and METOC PLC. (2007). Scottish Marine Renewables: Strategic Environmental Assessment.
Scottish Executive.

McMURRY G.R. (2008). Wave energy ecological effects workshop : Ecological assessment briefing paper. Pp. 251
66 in Ecological Effects of Wave Energy Development in the Pacific Northwest: A scientific Workshop. October
11112, and C.E. Tortorici, eds, NOAA Technical Memorandum NMFSiSPOn92.

MELLOR M. and MAHER M. (2008). Full scale trial of high definbition video survey for offshore windfarm sites.
COWRIE Report HIDEF03108. Report prepared for COWRIE by HiDef Aerial Surveying Limited. COWRIE Limited,
London.

MELLOR M., CRAIG T., BAILLIE D. and WOOLAGHAN P. (2007). Trial high definition video survey of seabirds.
COWRIE Report HIDEFm05107. Report prepared for COWRIE by HiDef Aerial Surveying Limited. COWRIE Limited,
London.

MEYER C.G., HOLLAND K.N. and PAPASTAMATIOU Y.P. (2004). Sharks can detect changes in the geomagnetic
field. J.R. Soc. Interface, 2005(2): 1291130.

MILLER D., WHERRETT J., LAW A., BIRNIE D. MALCOLM A., McKEEN, HOCK TAN B., BAXTER S., FISHER P.
Cumulative Impact of Wind Turbines. Report prepared for Countryside Commission for Wales.
http://www.macaulay.ac.uk/ccw/

MILLER D.L., SMITH H.C.M. and REEVE D.E. (2007). Modeling analysis of the sensitivity of shoreline
change to a wave farm. Ocean Engineering 34: 8841901.

MOLLER A., GESSON M., NOLL C., PHILLIPS J.B., WILTSCHKO R. and WILTSCHKO W. (2005). Light
dependent magnetoreception in migratory birds: previous exposure to red light alters response of red
light. In : Orientation and navigation: Birds, Humans and other Animals, pp. 61166. Oxford: Royal
Institute of navigation.

MUELLERMBLENKLE C., McGREGOR P., GILL A.B.n ANDERSSON M., METCALFE J., BENDALL V., SIGRAY P.
and THOMSEN F. (2010). Effects of pilendriving noise on the behavior of marine fish. Prepared for
COWRIE Limited. COWRIE Limited, London.

NEDWELL J., LANGWORTHY J. and HOWELL D. (2004). Assessment of subrsea acoustic noise and
vibration from offshore wind turbines and its impact on marine wildlife; initial measurements of
underwater noise during construction of offshore windfarms, and comparison with background noise.
Subacoustech Report N° 544 R 0424. Prepared for COWRIE by Subacoustech Ltd. COWRIE, London.

113 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



NEDWELL J.R. and BROOKER A.G. (2008). Measurement and assessment of background underwater
noise and its comparison with noise from pin pile drilling operations during installation of the SeaGen
tidal turbine device

Strangfard Lough. COWRIE Report SEAGENTO7107. Prepared for COWRIE Limited by Subacoustech Ltd.
COWRIE Limited, London.

NEDWELL J.R. and HOWELL D. (2004). A review of offshore windfarm related underwater noise
sources. Subacoustech Report N° 544 R 0308. Prepared for COWRIE by Subacoustech Ltd. COWRIE,
London.

NEDWELL J.R., PARVIN S.J., EDWARDS B., WORKMAN R., BROOKER A.G. and KYNOCH J.E. (2007).
Measurement and interpretation of underwater noise during construction and operation of offshore
windfarms in UK waters. COWRIE Report NOISEn0312003. Subacoustech Report N°544 R 0738.
Prepared for COWRIE Limited by Subacoustech Ltd. COWRIE Limited, London.

NEHLS G., BETKE K., ECKELMANN S. and ROS M. (2007). Assessment and costs of potential engineering
solutions for the mitigation of the impacts of underwater noise arising from the construction of
offshore windfarms. COWRIE Report ENGn0112007. Prepared for COWRIE Limited by BioConsult SH,
Husum, Germany. COWRIE Limited, London.

NEIL S.P., LITT E.J., COUCH S.J. and DAVIES A.G. (2009). The impact of tidal stream turbines on largern
scale sediment dynamics. Renewable Energy, 34(12): 280312812.

NELSON P.A. (2003). Marine fish assemblages associated with fish aggregating devices (FADs): effects
of fish removal, FAD size, fouling communities, and prior recruits. Fish. Bull. 101, 8351850.

NORMAN T., BUISSON R. and ASKEW N. (2007). COWRIE workshop on the cumulative impact of
offshore windfarms on birds: Peterborough, 3rd May 2007. COWRIE Report CIBIRD by RPS. COWRIE
limited, London.

NOWACEK D. P., THOME L. H., JOHNSON D. W., & TYACK P. L. (2007). Responses of cetaceans to
anthropogenic noise. Mammal Review, 37, 811115. doi:10.1111/}.136512907.2007.00104.x

NUNNERI C., LENHART H.J., BURHARD ., WINDHORST W. (2008). Ecological risk as a tool for evaluating the
effects of offshore wind farm construction in the North Sea. Regional Environmental Change, 8(1): 31143.

Offshore Energy Environmental Research Association (2008). Fundy Tidal Energy Strategic Environmental
Assessment Final Report. Prepared by the OEER Association for the Nova Scotia Department of Energy. April
2008.

OHMAN M.C., SIGRAY P. and WESTERBERG H. (2007). Offshore Windmills and the Effects of Electromagnetic
Fields on Fish. Ambio 36(8): 6301633.

OSPAR. (2008). Assessment of the environmental impact of offshore windrfarms. London: OSPAR Commission.

OSPAR. (2009). Overview of the impacts of anthropogenic underwater sound in the marine environment. OSPAR
Convention for the Protection of the Marine Environment of the NorthnEast Atlantic. London: OSPAR
Commission.

PEETERS H., MURPHY P. and FLEMMING N. (ed.) (2009). North Sea Prehistory Research and Management
Framework. Rijksdienst voor het cultureel Erfgoed and English Heritage, Amersfoort, The Netherlands, and
London, UK.

114 | Synthesis Literature
Environmental Impacts
Marine Renewable Energy



PELC R. & FUJITA R.M (2002). Renewable energy from the ocean. Marine Policy, 26. 4711479.

PERROW M.R., GILROY J.J., SKEATE E.R. and MACKENZIE A. (2010). Quantifying the relative use of coastal waters
by breeding terns: towards effective tolls for planning & assessing the ornithological impact of offshore

115 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



windfarms. COWRIE Report TERNnO7108. Report prepared for COWRIE by ECON Ecological Consultancy
Ltd. COWRIE Limited London.

PETERSEN I.K and FOX A.D. (2007). Changes in bird habitat utilization around the Horns Rev 1 offshore
windfarm, with particular emphasis on Common Scoter. Report prepared for vattenfall A/S by National
Environmental Research Institute (NERI), University of Aarthus, Denmark. Vattenfall A/S, Copenhagen.

POLAGYE B. (2009). Hydrodynamic effects of kinetic power extraction by intstream tidal turbines. PhD
thesis, University of Washington, Seattle, WA.

POLAGYE B., EPLER J., THOMSON J. (2010). Limits to the predictability of tidal current energy. MTS/IEEE
Oceans 2010. Seattle, WA, September 20123, 2010.

POLAGYE B., KAWASE M. and MALTE P. (2009). Intstream tidal energy potential of Puget Sound,
Washington. Journal of Power and Energy, 223: 5711587.

POLAGYE B., VAN CLEVE B., COPPING A., KIRKENDALL K. (2011). Environmental Effects of Tidal Energy
Development. Proceedings of a Scientific Workshop March 22125 2010. U. S. Dept. Commerce, NOAA
Tech. Memo. F/SPOn116, 181 p.

POLAGYE B.L. (2009). Hydrodynamic effects of kinetic power extraction by intstream tidal turbines.
PhD thesis, University of Washington, Seattle, WA.

POLAGYE B.L. and MALTE P.C. (2010). Farrnfield dynamics of tidal energy extraction in channel
networks. Renewable Energy, 36(1): 2221234,

POOT M.J.M., VAN HORSSEN P.W., COLLIER M.P., LENSINK R. (2011). Effect studies Offshore Wind
Egmond aan Zee: Cumulative effects on seabirds. A Modelling approach to estimate effects on
population levels in seabirds. Bureau Waardenburg bv and IMARES Wageningen for Noordzeewind
(Nuon and Shell Wind Energy). Report nr: 111026.

POTTER J. R., CHITTRE M., SEEKINGS P. & DOUGLAS C. (2005). Marine mammal monitoring and seismic
source signature analysis: Report on EnCana’s Stonehouse 31D seismic survey 2003. In K. Lee, H. Bain,
& G. V. Hurley (Eds.), Acoustic monitoring and marine mammal surveys in The Gully and Outer Scotian
Shelf before and during active seismic programs (Environmental Studies Research Fund Report No.
151, pp. 41156). Calgary, AB: Environmental Studies Research Fund.

PUNT M.J., GROENEVELD R.A., VAN [ERLAND E.C. and STEL J.H. (2009). Spatial planning of offshore
wind farms: A windfall to marine environmental protection? Ecological Economics 69: 931103.

RETD (2012). Renewable energies for remote areas and islands. IEATRETD REMOTE. Trama

RICHARDS S.D., HARDLAND E.J. and JONES S.A.S. (2007). Underwater Noise Study Supporting Scottish
Executive Strategic Environmental Assessment for Marine Renewables. Technical report prepared for
the Scotiish Executive by QinetiQ Ltd., Farnborough, Hampshire. QINETIQ/06/02215/2.

RITZ T., ADEM S. and SCHULTEN K. (2000). A model for photoreceptornbased magnetoreception in
birds. Biophysical Journal 78: 7071718.

ROBERTS C.M., BOHNSACK J.A.; GELL F., HAWKINS J.P. and GOODRIDGE R. (2001). Effects of marine
reserves on adjacent fisheries. Science 294: 1920n3.

116 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



ROUNTREE R.A. (1990). Community structure of fishes attracted to shallow water fish aggregation
devices off South Carolina. USA Environmental Biology of Fishes 29: 241162.

SCHIFF K., DIEHL D. and VALKIRS A. (2004). Copper emissions from antifouling paint on recreational
vessels. Marine Pollution Bulletin, 48: 3711377.

SEA MAMMAL RESEARCH UNIT, Approaches to marine mammal monitoring at marine renewable
energy developments, Final report, School of Biology, University of St Andrew, 110 p.

SEELEY B., PARR J., EVANS J. and LEAR D. (2008). Establishing best practice for the documentation and
dissemination of marine biological data. COWRIE Report DATA107108. Report prepared for COWRIE Ltd
by The Marine Biological Association and DASSH (Data Archive for Seabed Species and Habitats).
COWRIE Limited, London.

SHAW R. (1982). Wave energy: a design challenge. New York: Halsted Press.

SHIELDS M.A., DILLON L.J., WOLFF D.K., FORD A.T. (2009). Strategic priorities for assessing ecological
impacts of marine renewable energy devices in the Pentland Firth (Scotland, UK). Marine Policy.
33(A)L: 6351642,

SHIELDS M.A., WOOLF D.K., GRIST E.P.M., KERR S.A., JACKSON A.C., HARRIS R.E., BELL M.C., BEHARIE
R., WANT A., OSALUSI E., GIBB S.W., SIDE J. (2001). Marine renewable energy: The ecological
implications of altering the hydrodynamics of the marine environment. Ocean& Coastal Management,
54, 219.

SLABBEKOORN H., BOUTON N., VAN OPZEELAND I., COERS A., TEN CATE C. and POPPER A.N. (2010). A
noisy spring: the impact of globally rising underwater sound levels on fish. Trends Ecol. Evol. 25, 4191
427. SOUTHALL B. L., BERKSON J., BOWEN D., BRAKE R., ECKMAN J., FIELD J., et al. (2009). Addressing
the effects of humanngenerated sound on marine life: An integrated research plan for U.S. federal
agencies. Washington, DC: Interagency Task Force on Anthropogenic Sound and the Marine
Environment of the Joint Subcommittee on Ocean Science and Technology. SOUTHALL B. L., BOWLES
A.E., ELLISON W. T., FINNERAN J. J., GENTRY R. L., GREENE C. R. Jr., et al. (2007). Marine mammal noise
exposure criteria: Initial scienttific recommendations. Aquatic Mammals, 33(4), 411r521.
doi:10.1578/AM.33.4.2007.41

SOUTHALL B.L., BOWLES A.E., ELLISON W.T., FINNERAN J.J., GENTRY R.L., GREENE Jr, KASTAK D.,
KETTEN D.R., MILLER J.H., NACHTIGALL P.E., and others (2007). Marine mammal noise exposure
criteria: Initial scientific recommendations. Aquatic Mammals 33: 4011509.

SPURLOCK D.S. (2008). Modeling flows for assessing tidal energy generation potential. MS thesis,
Virginia Polytechnic Institute, Blacksburg, VA.

TecnoAmbiental, Meister Consultants Group, E3 Analytics and HOMER Energy. 232 p.

THAXTER C.B. and BURTON N.H.K. (2009). High definition imagery for surveying seabirds and marine
mammals: a review of recent trials and development of protocols. COWRIE Report BTOtWorkshopn09.
Report prepared for COWRIE by the British Trust for Ornithology. COWRIE Limited, London.

THERY M. L’éclairage artificial trouble les rythmes biologiques. CNRS, MNHM. Espaces des sciences.

117 | Synthesis Literature
Environmental Impacts
Marine Renewable Energy



THOMAS G. (1996). An Environmental Assessment of Visual and Cumulative Impacts arising from Wind
farm Developments: A Welsh Planning Policy Perspective. MS thesis, University of Wales, Aberystwyth

THOMPSON P., BROOKES K., CHENEY B., CANDIDO A., BATES H., RICHARDSON N. and BARTON T.
(2010). Assessing the potential impact of oil and gas exploration operations on cetaceans in the Moray
Firth. First year report for DECC, Scottish Government, COWRIE and Oil & Gas UK by University of
Aberdeen, Institute of Biological & Environmental Sciences, Lighthouse Field Station, Cromarty. DECC,
London.

THOMSEN F., LUDEMANN K., KAFEMANN R. and PIPER W. (2006). Effects of offshore windfarm noise
on marine mammals and fish. Prepared for COWRIE Limited by biola (biologischn
landschafstokologische arbeitsgemeinschaft) and IfAF (Institut fiir angewandte Fischbiologie GmbH),
Hamburg, Germany. COWRIE Limited, London.

THOMSEN F., LUDEMANN K., KAFEMANN R. and PIPER W. (2006). Effects of Offshore Wind Farm Noise
on Marine Mammals and Fish. Biola, Hamburg, Germany, on behalf of COWRIE Ltd., Newbury, UK, 62

Pp.

THOMSEN F., McCULLY S., LAURA R.W., DANIEL T.W., KAREMA J.W., BARRY J. and ROBIN J.L. (2011).
Cetacean Stock Assessment in Relation to Exploration and Production Industry Activity and other
Human Pressures: review and data Needs. Centre for Environment, Fisheries & Aquaculture (Cefas),
Lowesoft Laboratory, Pakefield Road, Lowetoft, Suffolk, NR33 oHT, UK.

THOMSON P.J., POLAGYE B., RICHMOND M. and DURGESH V. (2010). Quantification of turbulence for
tidal power applications. MTS/IEEE Oceans 2010. Seattle, WA, September 20123, 2010

THURSTAN R.H., BROCKINGTON S. & ROBERTS C.M. (2009). The effects of 118 years of industrial fishing
on UK bottom trawl fisheries. Nat. Comm. 1, 116.

TOUGAARD J., DAMSGAARD HENRIKSEN, O., & MILLER L. A. (2009). Underwater noise from three types
of offshore wind turbines: Estimation of impact zones for harbour porpoises and harbour seals. The
Journal of the Acoustical Society of America, 125(6), 3766n13773. doi:10.1121/1.3117444

TOUGAARD T., HENRIKSEN O.D. and MILLER L.A. (2009). Underwater noise from three types of
offshore wind turbines: Estimation of impact zones for harbor porpoises and harbor seals. J. Acoust.
Soc. Am., 125: 376613773

URICK R. (1983). Principles of underwater sound. New York: McGrawrHill.

VAN DER GRAAF A.J., AINSLIE M.A., ANDRE M., BRENSING K., DALEN J., DEKELING R.P.A., ROBINSON S., TASKER
M.L., THOMSEN F., WERNER S. (2012). European Marine Strategy Framework Directive — Good Environmental
Status (MSFD GES): Report of the Technical Subgroup on Underwater noise and other forms of energy70Td<0003>Tj9

(2010). Roosevelt Island

118 Synthesis Literature
Environmental Impacts
Marine Renewable Energy



WEILGART L. (2007). The impacts of anthropogenic ocean noise on cetaceans and implications for manager
ment. Canadian Journal of Zoology, 85, 109111116. doi:10.1139/2071101

WEIR C. R., & DOLMAN S. J. (2007). Comparative review of the regional marine mammal mitigation
guidelines implemented during industrial seismic surveys, and guidance towards a worldwide
standard. Journal of International Wildlife Law and Policy, 10(1), 1127.

WHITEHEAD H., REEVES R. R., & TYACK P. L. (2000). Science and the conservation, protection and
management of wild cetaceans. In J. Mann, R. C. Connor, P. L. Tyack, & H. Whitehead (Eds.), Cetacean
societies (pp. 3081332). Chicago: University of Chicago Press.

WILDLING T.A. and SAYER M.D.J. (2002). Evaluating artificial reef performance: approaches to prern and
postrideployment research. ICES Journal of Marine Science, 59: 2221230.

WILES P.J., RIPPETH T.P., SIMPSON J.H. and HENDRICKS P.J. (2006). A novel technique for measuring
the rate of turbulent dissipation in the marine environment. Geophysical Research Letters, 33(21): 1r5.

WILSON B., BATTY R.S., DAUNT F. and CARTER C. (2007). Collision risks between marine renewable
energy devices and mammals, fish and diving birds. Report to the Scottish Executive. Scottish
Association for Marine Science. Oban, Scotland, PA37 1QA.

WILSON S. and DOWNIE A.J. (2003). A review of Possible Marine Renewable Energy Development
Projects and Their Natural Heritage Impacts from a Scottish perspective. Scottish natural Heritage
Commissioned report FO2AA414, 90 pp.

WILTSCHKO R.,WILTSCHKO W. and MUNRO U. (2000). Lightrdependent magnetoreception in birds: the
effect of intensity of 5651nm green light. Naturwissenschaften 27: 3661369.

WILTSCHKO W., GESSON M., STAPPUT K. and WILTSCHKO R. (2004a). L