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EXECUTIVE SUMMARY

The global extent of marine renewable energy developments (MREDs) has been researched and considered in relation 
to their potential impacts on cetaceans. There is currently an unprecedented expansion of MREDs, focused on European 
waters, with large-scale developments covering thousands of square kilometres being planned. However, data on the 
likely impacts of these developments on cetaceans is lacking or, at best, significantly limited. 

This research highlights the rapid expansion of MREDs, particularly in Europe, and more recently in China and off the 
east coast of the USA. Offshore wind farms continue to be the technology developing most swiftly; wave and tidal energy 
devices are mostly still in the testing phases, with the majority of operational sites being used to test the technology.  

Information about the location of offshore wind farms is readily available; however information on wave and tidal sites 
is much more difficult to obtain, probably due to the fact that these are relatively new technologies and still being 
developed. It is likely that this report under-represents the actual extent of wave and tidal energy sites globally. 
 
Around the UK many of the sites where MREDs are being built are within or adjacent to areas that are critical habitats for 
cetaceans; the impacts of these developments on cetaceans are not fully understood. The limited research conducted so 
far has shown the potential for MREDs to cause behavioural changes in harbour porpoises (Phocoena phocoena), which 
leave the area during construction and in some instances did not later return to their usual numbers. Even where areas 
have been recolonised, it is not clear if these are the same animals returning or new animals moving into the area. The 
significance of such disturbance is not understood. 

Data on protected and critical areas for cetaceans outside the UK have been difficult to obtain, however, there will be 
other important areas for cetaceans that overlap, or are adjacent to, MREDs. 

The limited available information on the impacts of MREDs on cetaceans indicates a significant risk of negative 
consequences, with the noise from pile driving highlighted as a major concern with the potential to cause physical harm. 
Marine renewables devices may impact on cetaceans in ways ranging from collisions to habitat displacement due to the 
effects of noise and disturbance. 

Some have suggested that MREDs may have ecological benefits but these have yet to be fully assessed. 

More strategically, and as an essential first step, research is required on a wider scale to identify critical habitats for 
cetaceans. This would enable governments and developers to avoid such areas or apply stricter protection and help 
ensure that the deployment of marine renewables will not threaten cetaceans. 

The need for urgent and joined-up research into the impacts of MREDs on cetaceans, and the wider marine environment, 
is clear. Research is required to understand the short and long term impacts and should be conducted well ahead of 
developments to establish baselines as well as during construction, operation and decommissioning as well as years 
after decommissioning. To enable the impacts to be fully understood, adequate baseline data of cetacean populations is 
required, against which any changes can be measured. This will enable the impacts to be fully assessed, managed and 
mitigated.

This report highlights the fact that the impact assessment process is currently based on only very limited knowledge on 
both cetacean populations and the impacts of MREDS on the marine environment. 

As the data are limited it is highly unlikely that conclusions on the impacts of a particular development on cetaceans, and 
the wider marine environment, are reliably based. As a result, developments are being consented in areas that are critical 
for cetaceans without giving adequate consideration to the potential wider and longer term consequences, and without 
appropriately focused research. With appropriate research on critical habitats for cetaceans, and the impacts of MREDs 
on cetaceans, these decisions will be more reliably based and allow relevant mitigation measures to be identified. 
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There is an urgent need for governments, developers and other stakeholders to engage in wide-ranging ecological 
research to help fully understand, and mitigate, the impacts of MREDs and aid good decision making. The expansion of 
the industry must be in step with understanding of the known and potential impacts on the marine environment. 

WDC makes the following critical recommendations in order to ensure the development of this new industry, which 
assists with climate targets, is undertaken without impacting cetaceans and other mobile species:  

•	 Until the impacts of MREDs can be fully assessed and mitigated, further developments within, or that 
may affect, areas that have already been identified as important for cetaceans must be avoided.  

•	 Areas of critical habitat for cetaceans need to be identified in advance of leasing rounds to avoid 
developing potentially sensitive areas. For example, many shallow waters in northern Europe are 
important calving and nursing areas for harbour porpoises, which are also favourable sites for wave and 
tidal developments. This will also avoid costly changes in plans, unwieldy environmental constraints or 
delays.  

•	 To enable any impacts of MREDs on cetaceans to be fully understood, adequate baseline data of cetacean 
populations, over a minimum of 2 years, and preferably more, ahead of development is required, against 
which any changes can be measured.  

•	 There is clearly a requirement for further research on the impacts of MREDs on harbour porpoises 
and also on other cetacean species, their prey and their habitats in order to help understand and 
mitigate the impacts of MREDS on cetaceans. The research needs to be sufficient to detect impacts 
and cover all stages of the lifetime of the MREDs, pre-construction, during construction, operation and 
decommissioning as well as several years after to be able to evaluate their impacts on cetaceans and 
also consider the cumulative effects. For new devices, this needs to be conducted at the testing phase 
before wide scale deployment. For devices that are already operational, or have been approved for use, 
the impacts on cetaceans and other marine wildlife need to be studied at various sites to fully assess any 
impacts.  

•	 Baseline data is also required on strandings to develop a reference point from which any increases in 
strandings rates due to MREDs can be understood. 

•	 Sharing of the results of the research into both critical habitat areas for, and the impacts of MREDs 
on cetaceans is essential. Data needs to be made available to developers and governments to enable 
mitigation measures to be identified. To enable this there needs to be improved information and data-
sharing facilities.

•	 Until mitigation measures to reduce the noise of pile driving are tested for effectiveness, the best 
method is to avoid pile driving altogether and use alternative foundations. Strategic investment in 
alternative techniques is urgently required. 

•	 International standards for and auditing of impact assessments need to be developed, this is 
particularly important for an industry that is dramatically expanding in some sea areas.  

•	 MRED designers, developers and the consenting authorities need to consider the potential impacts 
on cetaceans for the entire life of the development from exploration, through construction and 
operation to maintenance and decommissioning, during all seasons of the year.  

•	 Cumulative impacts from all developments in a region need to be considered when a site is being 
considered for development, taking into account the trans-boundary nature of cetaceans.
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1.  INTRODUCTION 

Climate change, driven by the greenhouse effect, is a fundamental threat to whales, dolphins and porpoises (collectively 
known as cetaceans) (Simmonds and Elliot, 2009) as it is to other life. There is unequivocal evidence that climate change 
is happening and that human activities are contributing to it (IPCC, 2007).  

The Intergovernmental Panel on Climate Change (IPCC) concluded that 20-30% of plant and animal species assessed so 
far are likely to be at increased risk of extinction if global temperatures rise by more than 1.5 - 2.5°C. The effects on the 
marine environment include an increase in temperature, sea level rise, changes in sea-ice cover, salinity, acidity, ocean 
circulation, storminess and climate patterns (IPCC, 2007). 

Climate change is expected to affect cetaceans mainly through the loss of habitat (given the distinct temperature-linked 
ranges of most species), changes in prey availability, quality and distribution, and potentially increased competition from 
range expansions of other species, with resulting conservation implications (WDCS and WWF, 2007). 
 
A number of studies have recently considered the impacts of climate change on cetaceans (Lambert et al., 2011,        
Macleod, 2009, Simmonds and Elliot, 2009, Simmonds and Isaac, 2007, Learmonth et al., 2006, MacLeod et al., 
2005), and highlight potential changes in abundance, distribution, timing and range of migration, prey abundance and 
distribution, reproductive success and ultimately survival; the major impacts on cetaceans are highlighted in figure 1.  

Figure 1: Climate Change and Cetaceans; a Simplified Representation of Major Impacts. From ‘Whales in Hot Water’. WDCS & WWF Report, 2007.



11

It is unclear to what extent cetaceans will be able to adapt to the rate of climate change predicted, in some cases such 
range shifts will not be possible. For example, the northern Indian Ocean is fringed by land, limiting the ability of species 
to move northwards into cooler habitat as waters warm (WDCS and WWF, 2007). 

To try and reduce the effects of climate change and spurred on by the growing global energy crisis, concerns about 
energy security, and to meet requirements to reduce greenhouse gases (DECC, 2009), governments around the world 
are investing in new renewable energy technologies. Much of the development is going on out at sea and marine 
renewable energy, which is typically regarded as an abundant, inexhaustible and non-polluting resource, has the 
potential to contribute significantly towards the targets set by governments to produce energy from renewable sources. 

Many European nations are regarded as particularly well placed to generate energy at sea, especially the more westerly 
nations such as Portugal and the UK, with their extensive coastlines and exposure to high winds, strong currents and 
powerful waves. 

Due to the impacts of climate change on cetaceans, efforts aimed at reducing our dependence on fossil fuels are 
welcome however; ill-considered deployment of marine renewable energy developments (MREDs) may also impact 
marine wildlife. Several publications have highlighted potential concerns related to the deployment of MREDs (e.g. 
Dolman and Simmonds, 2012, Brandt et al., 2011, Simmonds and Brown, 2010, Dolman and Simmonds, 2010). Others 
have indicated that they may create local marine conservation benefits under certain conditions (Inger et al., 2009).   

The noise from the pile driving process has the potential to cause the most harm to cetaceans, including physical injury 
(Carstensen et al., 2006). Intense noise is generated during piling of the foundations of the majority of offshore wind 
farms, and increasingly for wave and tidal device foundations. Thomsen et al. (2006) found that the noise generated 
by the construction of offshore wind farms was loud enough to be audible by harbour porpoises beyond 80km from 
the source and could mask communication at 30 – 40 km. Bottlenose dolphins (Tursiops truncatus), could exhibit             
behavioural responses at distances of up to 40 km from pile driving locations (Bailey et al., 2010). No studies have been 
conducted to understand the impacts of pile driving on other odontocetes or any baleen whales, despite their known 
susceptibility to noise impacts. 

Provided here is an overview of the present extent of the wave, tidal and wind energy developments across the globe as 
of February 2013, the technology involved and the consideration of how they may affect cetaceans. Recommendations 
are made towards ensuring that cetaceans are adequately considered early when strategically planning these 
developments and offered suitable protection as a result.   
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2. WHAT IS MARINE RENEWABLE ENERGY?

Marine renewable energy is the power harnessed from the waves, tides and winds over the oceans, and is typically 
regarded as an abundant, inexhaustible and non-polluting resource. Spurred on by the growing global energy crisis and 
to meet requirements to reduce greenhouse gases derived from burning fossil fuels, governments around the world are 
investing in new renewable energy technologies and much of this development is going on out at sea. 

There are a number of ways that renewable energy can be derived from the marine environment, including lesser known 
technologies such as ocean thermal energy - where the energy is generated from temperature differences at varying 
depths - and salinity gradient energy where the energy is generated from the difference in the salt concentration between 
seawater and river water (European Ocean Energy Association, 2012). Yet there are three main forms of renewable 
energy that are currently generating energy and which are being predominantly developed, these are offshore wind 
farms, tidal power and wave power. 

Of all MREDs, offshore wind farms have been experiencing the swiftest development. Offshore wind farms generate 
power when the energy in the wind turns two or three propeller-like blades around a rotor. The rotor is connected to the 
main shaft, which spins a generator to create electricity. Instruments to measure the wind speed and direction are fitted 
on top of the nacelle. When the wind changes direction, motors turn the nacelle, and the blades along with it, around to 
face the wind (Renewable UK, 2012).
 
Tidal power can be subdivided into two categories: 

Barrages suffer from very high infrastructure costs, negative environmental impacts (such as damage to adjacent 
estuarine ecosystems, feeding and breeding areas for wildlife (DECC, 2010)) and a worldwide shortage of sites that 
would be expected to produce viable amounts of electricity. For a site to be viable, the difference between high and low 
tides needs to be at least 5 m and there are only about 40 such sites around the world. Tidal barrages are also seemingly 
becoming outdated and may be superseded by recent, more efficient technologies, such as tidal fences and tidal 
lagoons. 

A tidal fence is a continuous fence of underwater turbines stretching across an estuary or strait, with some spaces to 
allow the passage of ships and migrating species such as salmon.

A tidal lagoon is an adaptation of the barrage, exploiting the height between high and low tides to generate energy. It 
is an area of coastline enclosed by a structure typically of aggregate, rubble or rock. Turbines are set into the walls of 
the lagoon under the water’s surface, and are driven as the sea flows in and out with the rise and fall of the tide. From a 
distance the lagoon resembles a breakwater or low rocky island. 

•	 Tidal	stream	power	(also	called	marine	current	energy)	is	produced	from	the	horizontal	movement	
of water in a current (kinetic energy). Useful energy can be extracted from marine currents using 
completely submerged turbines and hydrofoil devices called tidal energy converters. They are a 
relatively new technology, converting energy from sea currents. Water is 832 times denser than air, 
which means that a single generator can provide a significant amount of energy. The location of tidal 
stream systems is important and to maximise efficiency they need to be in fast currents where sea 
flows are compressed, such as at the entrance of a bay, around headlands, or between islands. 

•	 Tidal range power is produced from the vertical movement of water in the rise and fall of the tide. 
Tidal barrages make use of the potential energy in the difference in height between high and low tides. 
Barrages, such as that at La Rance in France, are a type of dam spanning an estuary, providing a 
predictable and reliable source of energy. 
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As there are two tidal cycles each day one advantage of both tidal stream and tidal range energy is that their energy 
production capacities are predictable, frequent and regular.  

Wave energy is generated from the waves that are formed by winds blowing over the sea’s surface. The power of 
the waves depends on the speed of the wind, its duration and the distance it travels over the water (its fetch). Other 
determining factors are the sea depth and interacting tides. The most powerful waves are created by strong winds over 
a long fetch, such as those along the western coasts of Europe, South America and Australia. There are wave energy 
projects emerging in several countries around the world, notably in Scotland, Australia, Spain and the USA. 

The main disadvantages to wave power are the variability and poor predictability of waves, making them a less reliable 
source of energy than tidal power. Harnessing the energy of waves evidently presents a considerable engineering 
challenge. The Department of Energy and Climate Change (2012) recently commented that ‘the main problem with wave 
power is that the sea is a very harsh, unforgiving environment. An economically viable wave power machine has to 
generate	power	over	a	wide	range	of	wave	sizes	–	and	be	able	to	withstand	the	largest	and	most	severe	storms	as	well	
as other potential problems such as algae, barnacles and corrosion.’ 

Waves	have	two	types	of	exploitable	energy;	kinetic	from	their	horizontal	motion,	and	potential,	from	the	vertical	
difference between the wave’s crest and its valley. It is not easy to harness the energy of waves, hence the development 
of a wide range of possible devices to attempt to do so. 
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3. MARINE RENEWABLE ENERGY TECHNOLOGY
This section details current and future technology, and foundations used in MREDs. However, there is also a 
considerable associated infrastructure development associated with these developments, which include ports, service 
vessels and cables (both array cables and cables for exporting electricity generated back to shore). 

3.1 OFFSHORE WIND FARMS
Offshore wind turbine technology is based on the same principles as onshore technology. Foundations are constructed 
to hold the superstructure, of which there are a number of designs, but the most common is a driven pile (monopile). 
Subsea cables take the power to a transformer (which can be either offshore or onshore) which converts the electricity 
to a high voltage before connecting to the grid at a substation on land (BWEA, 2005). 

3.1.1. CURRENT TECHNOLOGY 
Initially	turbines	used	in	offshore	wind	farms	were	similar	to	those	used	in	onshore	wind	farms,	with	horizontal	axis	
turbines (HAWT), typically having three rotor blades facing into the wind 20 – 40 m long, mounted on a tubular tower, 
bedded into the sea floor and mounted on a tower to capture the most energy. 

As there are higher wind speeds available offshore that are less turbulent, offshore wind farms can harness these winds 
to produce more electricity than their counterparts on land. So in recent years larger turbines have been installed to 
make use of the higher wind speeds available offshore. Turbines installed today are generally between 2 and 4 MW, with 
tower heights greater than 61 m and rotor diameters of 76 - 110 m. 

3.1.2. FOUNDATIONS
The foundations currently available to offshore wind developers are listed below; and shown in figures 
2a and 2b1:  

•	 Monopile - Consists of a steel pile which is driven approximately 10 – 20 m into the seabed. This 
foundation is used in most offshore wind farms in shallower waters. 

•	 Gravity	Foundation	- Currently used on many offshore wind projects in deeper water, the graity 
foundation consists of a large base constructed from either concrete or steel which rests on the 
seabed. The turbine is dependent on gravity to remain erect.  

•	 Tripod	Foundation	- Designs tend to rely on technology used by the oil and gas industry. The piles on 
each end are typically driven 10 – 20 m into the seabed, depending on soil conditions. This technology 
is generally used at deeper depths and has not been used on many projects to date. 

•	 Jacket	Foundation – Currently used at Beatrice offshore wind farm in Scotland, in New Jersey and 
Rhode Island. This is similar to the design of power pylons, where the turbines are anchored with piles 
on its four feet in the sea bed. Each of these foundations has a total height of approximately 50 m and 
the base of the foundation has a footprint of almost 400 m2. 

 

1- Images are illustrative only; designs for each type may differ slightly between developers/ sites.
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3.1.3 FUTURE TECHNOLOGY
Until quite recently, offshore wind farms have mainly been in near-shore waters, within approximately 5 km of the 
coast. Now very large developments are planned further off the coast and in deeper waters, such as the four sites being 
planned 197 km offshore from England, in the North Sea, covering between 1,400  - 5,160 km2 each. 

As larger turbines are developed and deployed, the diameter of the piles also increases with consequences for increased 
associated noise during installation (IWC, 2012). 

Many of the developing technologies for offshore wind farm foundations are designs borrowed from the oil and gas 
industry and include floating and deep water concepts. Deep water concepts have huge potential due to stronger winds 
further from shore yet, the cost may be one of the biggest challenges facing deep water offshore technology. 

Floating offshore wind foundation technology is still in early testing. The main concepts are listed below and shown in 
figure 32: 

•	 Ballast	Stabilised	Sparbuoy - the sparbuoy has a cylindrical deep-drafted hull with loose mooring lines. 
The flotation element stretches 100 m below the sea surface, is anchored to the seabed in three places, 
and can be moored in waters up to 700 m deep. The first working turbine was placed in Norway in 2009 
in water 220 m deep, called Hywind. 

•	 Mooring	Line	Stabilised	Tension	Leg	Platform	– Mooring lines are used for tension with suction pile 
anchors. 

•	 Buoyancy	Stabilised	Barge	Platform	– The barge is a rectangular platform that rides the waves rather than 
passing through them. It is fixed to the sea bed with catenary mooring lines.

Figure 2a. Wind Turbine atop a Tripod 
Foundation at the Bard Offshore 1 

Project. © BARD Group  

Figure 2b. Current Wind Farm Foundations © Ramboll

2- Images are illustrative only; designs for each type may differ slightly between developers/ sites.
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Figure 3. Floating Wind Turbine Concepts © Al Hicks, National Renewable Energy Laboratory

Other concepts in development include:

•	 Titan	foundation – Offshore Wind Power Systems of Texas has designed the Mobile Self- Installing 
Platform (MSIP), a three legged platform able to be towed out to sea and lowered into place. 

•	 SWAY	concept - The SWAY concept consists of a floating spar buoy that is some 200 m tall, designed to 
rise and fall with wave activity. The concept is unique in that the turbine will always face downwind. 

•	 WindFloat - is a semi-submersible, three-column structure, with a turbine tower, truss and “water 
entrapment heave plates” at each column’s base, designed to reduce pitch and yaw, and make the entire 
structure more compact. It aims to support deployment of large capacity wind turbines (3.6 MW to 10 
MW) in deep water (50 m or greater).  

•	 Suction	caisson	- a structure resembling an upturned bucket that is lowered on to a levelled seabed. The 
foundation’s weight combined with the hydrostatic pressure on the caisson when internal water is pumped 
out of it provides the force required for the bucket structure to remain in place.  

•	 Tripile – instead of a single steel pile, as with current monopile foundations, this will consist of three steel 
piles driven into the sea bed in the same manner as a monopile. 

Ballast Stabilised
“Spar-buoy”

with catenary mooring drag 
embedded anchors

Mooring Line
Stabilised

Tension Leg
platform with
suction pile

anchors

Buoyancy Stabilised 
“Barge” with catenary 

mooring lines



17

3.2 WAVE ENERGY DEVICES
The technology for wave energy devices is still in the early stages of testing. Of the 26 operational sites around the world 
over half are sites for testing the devices before they are deployed commercially. There are more than 100 wave energy 
device concepts being developed.  

The devices are either floating or moored with cables or chains which can either be taught, loose or fixed to the sea bed 
sometimes partially onshore. These devices can be sited in three areas: 

 

Based	on	discussions	with	developers,	and	available	evidence,	typical	array	sizes	are	likely	to	be	on	the	order	of	several	
km2 for wave devices. 

3.2.1. CURRENT DEVICE TECHNOLOGY  
Generally the devices are categorised by the nature of the method used to harness energy. Below is a summary of well-
established technology, and how each type of wave device works (description and images are illustrative only; designs 
for each type differ between developers): 

•	 Partially	onshore	where	they	are	fixed	to	the	or	embedded	in	the	shoreline,		
•	 Near	to	shore	in	water	depths	of	20-25	m,	at	distances	up	to	500	m	from	the	shore,	
•	 Offshore,	where	more	powerful	waves	can	be	exploited.

Buoyant	Moored	Device/	Point	Absorber	
An offshore device, this type of device floats on the 
surface of the water or below it absorbing energy from 
all directions. It is moored to the seabed by a taught or 
loose mooring system, usually cables or chains. 
Electricity is generated by turbines driven by a variety 
of mechanisms, such as hydraulic pumps. Currently 
each device is c. 3 m wide tied to a 21 m long shaft.

Hinged	Contour	Device/	Attenuator	
An offshore device, floating on deep water moored 
with cables and chains. This type of device follows the 
motion of the waves which works parallel to the wave 
direction and effectively rides the waves. A segmented 
floating device, it creates power using the motion at 
the joints driving hydraulic motors. Currently each 
device is c.120 m long and 3.5 m in diameter.  

Oscillating Water Column (OWC)  
A partially onshore device that can be fixed to the 
seabed or installed on shore. A hollow, partially 
submerged, structure which allows the rising wave in, 
forcing compressed air above to drive a turbine, 
something like a large piston. Dimensions vary, but 
one prototype is 20 m wide. 

© EMEC 

 E.ON P2 Pelamis operating in Orkney July 2011. 
Courtesy of Pelamis Wave Power

© Energy Futures, MIT Energy Initiative. 2009
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Overtopping	Device	
A floating offshore device, loosely moored to the sea 
bed that can be deployed in a single unit or in arrays. 
This device holds ‘captured’ water in a reservoir above 
sea level before being released through low-head 
turbines.  May be scalable as large as 170 m by 300 m.

Wave Dragon Overtopping Device © Wave Dragon

Oscillating	Wave	Surge	Converter	
A near shore device, an OWS converter has an 
oscillating pendulum, mounted on a pivoted joint, 
attached to the seabed. This device extracts the energy 
caused by wave surges and the movement of water 
particles within them. Currently devices are c. 26 m 
wide by 11 m high.

© EMEC

Submerged	Pressure	Differential	
These devices are typically located nearshore and 
attached to the seabed by chains and cables, or 
mounted directly, the rise and fall of the sea level 
above cause pressure changes in the device which 
drives fluid through a generating system. Currently 
each device is c. 12 m by 30 m.  

© EMEC

3.2.2. FOUNDATIONS 
As devices for harnessing energy from the waves are still in their infancy, there is limited information on commonly 
used types of foundations. The devices listed above describe how they are attached to the sea bed, and some summary 
information is provided below. 

Onshore devices do not require deep-water moorings or lines of electrical cables; however they are attached to the shore 
by their massive weight. They are often embedded in large areas of concrete, often they are also fixed to the sea floor, 
and methods used to do this can vary greatly. 

Near shore devices, such as oscillating wave surge converters, often use monopile foundations and up to four monopiles 
may	be	required	per	device.	These	are	of	similar	size	to	those	used	in	wind	turbine	foundations,	and	are	driven	into	the	
sea bed in a similar fashion.  

Offshore devices have the greatest variation in design as they are in deeper water and can exploit more powerful waves. 
Their foundations vary, many are moored by cables or chains, which may be either slack or taught depending upon the 
device. 

3.2.3 FUTUTE TECHNOLOGY
As current devices are mainly still in the testing stage, there are limited new devices being developed, yet there are some 
plans for the next generation of current devices. More recent designs for offshore devices concentrate on many small 
modular devices deployed in arrays. 
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Oscillating wave surge converters are being developed with two monopile foundations rather than four; some are using 
sea water rather than hydraulic fluid, reducing the risk of pollution.  

Some emerging devices are:

Anaconda  
This is an adaptation of an attenuator device that is made 
mostly of rubber, and up to 200 m in length, sits just 
below the sea’s surface. As each wave passes, the rubber 
is	squeezed	causing	a	pressure	wave	that	travels	its	
length, as the pressure reaches the end it rotates turbines 
that generate electricity.

Anaconda Device © Atkins

3.3 TIDAL ENERGY DEVICES
As with wave energy, the technology for tidal energy devices is still in the early stages of testing. The devices used to 
convert tidal range power into electricity are generally based on the technology used in traditional hydroelectric power 
plants. There are more than 70 tidal-stream device concepts being developed (IWC, 2012). The moving parts are entirely 
submerged and move of speeds up to 12 m s-1, or 43 kph (Wilson et al., 2007) relative to the streaming water mass.  

There are a number of methods for attaching tidal current devices in place, including seabed anchoring, via a gravity 
base or driven piles, as well as floating or semi-floating platforms fixed to the sea-bottom via mooring lines. 

3.3.1 CURRENT DEVICE TECHNOLOGY 
Generally the devices are categorised by the nature of the method used to harness energy. Below is a summary of well-
established technology currently in use, and how each type of tidal device works (description and images are illustrative 
only; designs for each type differ between developers): 

Horizontal	Axis	Turbine		
This device extracts energy from moving water in much the 
same way as wind turbines extract energy from moving air. The 
kinetic energy of flowing water turns the turbine or rotor which 
drives a generator. Placed in estuaries, headlands, between 
islands, or where there are powerful, fast currents. Each 
turbine is c. 16 -18 m in diameter

© EMEC

Vertical	Axis	Turbine 
This device extracts energy from moving in a similar fashion 
to that above, however the turbine is mounted on a vertical 
axis. Placed in estuaries, headlands, between islands, or 
where there are powerful, fast currents. Each turbine is c. 16 – 
18 m in diameter.

© EMEC
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Duct	Turbine	(Venturi	Effect)		
Housing a turbine in a duct, (or shroud), concentrates the 
flow of water and creates pressure, maximising the generating 
potential of the turbine. Placed in estuaries with powerful 
currents. The device is moored in the estuary stream and the 
turbine generates power in both the ebb and flow currents. The 
turbine housed in the duct is c. 5 m in diameter.

© EMEC

Oscillating	Hydrofoil		
A hydrofoil attaching to an arm oscillates in the current, 
resulting in lift, the motion of which drives fluid through a 
generating system. In fast currents on the seabed. Several 
turbines (an array), are mounted on the seabed, (gravity based). 
Currently c. 15 m wide hydroplane.

© EMEC

3.3.2 FOUNDATIONS 
There are a number of ways that tidal energy devices are attached to the sea bed:

•	 Seabed	Mounted/	Gravity	Base – These are physically attached to the seabed often with large areas 
of concrete; in some cases the sheer weight of the device will hold it in place. In some cases there 
may be additional fixing to the seabed to secure the device in heavy seas.  

•	 Pile	Mounted	- This principle is similar to that used for wind turbines, where the device is attached 
to	a	pole	penetrating	the	ocean	floor.	Horizontal	axis	devices	will	often	be	able	to	rotate	about	this	
structure.  

•	 Floating	 
 o Flexible mooring: The device is attached via a cable or chain to the seabed, allowing  
       considerable freedom of movement permitting the device to move as the tidal current 
    direction changes with the tide. 
 o Rigid mooring: The device is fixed to the sea bed using a rigid mooring system.  
 o Floating structure: Allows a number of turbines to be mounted to a single platform. 
•	 Hydrofoil	Inducing	Downforce - Using a number of hydrofoils on a frame that induce a downforce 

from the tidal current flow. Provided that the ratio of surface areas is such that the downforce 
generated exceeds the overturning moment, then the device will remain in position (EMEC, 2012). 
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Contra	rotating	Turbine		
This is a technique whereby parts of a mechanism rotate 
in opposite directions about a common axis. Usually two 
closely spaced contra rotating rotors, driving a contra rotating 
electrical generator c. 2.5 m in diameter.

© Nautricity

Sea	Kite/	Floating	Turbine	
The	kite,	which	at	full	size	will	have	a	wingspan	of		8	–	14	m,	
carries a turbine below it. It is tethered by a cable to the sea 
floor and then “flies” in the tidal stream. It swoops round in 
a figure-of-eight shape to increase the speed of the water 
flowing through the turbine tenfold. 

© Minesto

3.3.3 FUTURE TECHNOLOGY
As with wave energy devices, tidal energy devices are mainly still in the testing stage with limited new devices being 
developed. Some of those that are ready for testing are:
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4. THE EXTENT OF MARINE RENEWABLE ENERGY DEVELOPMENTS
The first operational marine renewable energy plant was La Rance Tidal Barrage, France, in 1966. In 1991 the first 
offshore wind farm, Vindeby in Denmark, became operational and since then, there has been a rapid expansion, in 
particular of offshore wind farms, around the world, but especially throughout northern Europe. Concentrations are 
around the UK coastline, in the North Sea, and along the Baltic Sea coasts of Germany and Denmark.  

The present assessment includes information available up until February 2013. There are currently 1207 sites at various 
stages of development (figure 43), these stages are: operational, under construction, approved, submitted, awarded, 
concept/ early planning, rejected or withdrawn, dormant and decommissioned4: 

•	 ‘Operational’	sites	are	those	that	have	been	completed	and	are	providing	electricity.		
•	 ‘Under	construction’	sites	are	those	that	have	been	approved	and	construction	is	currently	

underway. 
•	 ‘Approved’	sites	are	those	for	which	the	submitted	plans	have	been	consented	to,	but	construction	

has not yet started.  
•	 ‘Submitted’	sites	are	those	where	plans	have	been	completed	and	reports	submitted	for	

consideration. At this stage sites can either be approved or rejected.  
•	 ‘Awarded’	sites	are	those	where	developers	have	been	granted	exclusivity	by	the	UK’s	Crown	Estate	

to develop an offshore wind farm. These sites are only found in UK waters. 
•	 ‘Concept/	Early	Planning’	sites	are	those	where	plans	are	being	drawn	up,	here	details	such	as	

number of turbines, foundation types etc. are subject to change and limited details are available.                           
•	 ‘Rejected	or	withdrawn’	sites	are	those	that	submitted	a	plan,	but	it	was	either	rejected	based	upon	

the submitted plans, or withdrawn by the developer.  
•	 ‘Dormant’	sites	are	those	sites	where	plans	have	been	drawn	up	but	they	have	not	been	submitted	

for the approval process. Plans for these sites are on hold.  
•	 ‘Decommissioned’	sites	are	those	that	have	been	in	use	and	have	now	been	shut	down.		

3 - MREDs are marked as points to show location and do not represent area covered). 
4 - Appendix 1, 2 &3 list all MREDs at the various stages of development
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4.1 OFFSHORE WIND FARMS
Of all the types of MREDs, offshore wind farms have developed the most swiftly. Their rapid expansion continues across 
Europe in particular . Outside of Europe, China and the USA have the highest number of offshore wind farms in various 
stages of development. In total there are 1085 offshore wind farms covering a total area5 of 130,393 km2. Appendix 1 
shows the full details for each of these offshore wind farms. 

Of all offshore wind farms just 72 (6.63 %) are currently generating 4,559.52 MW5 capacity of electricity to the grid, this 
equates to 2,017,242 homes. The majority, 417 (38.43 %) are in the concept/ early planning stage, followed by those 
that have been submitted for approval with 172 sites (15.85 %). If the plans for the sites in in the concept/ early planning 
stage, and those that have been submitted are approved, this will result in a 2,031% increase of sites being constructed 
in the oceans globally than there is currently, with a further 10,556 km2 of sea bed being developed.  

Figure 5 shows the location of offshore wind farms, at all stages of development, globally.  

The USA has the highest number of offshore wind farms with 150 in various stages of development. Of these none 
are generating power, the majority of sites are in the concept/ early planning stage of development, accounting for 84        
(56 %) sites. Germany follows with 143 offshore wind farms in various stages of development. Of these only 5 (3.49 %) 
are generating power, the first of which became operational in 2004.  

Netherlands has the third highest number of offshore wind farms with 88 sites in various stages of development, 
of which 4 (4.54 %) sites are operational. The majority of sites are dormant, accounting for 60 (68.18 %) sites, for 
unknown reasons the plans for these sites have not been submitted in the latest round for consideration apart for one 
site, Ijmuiden, where the draft plan was refused due to negative effects on shipping (4c Offshore, 2013). 

England has the largest number of operational sites with 15 covering 350 km2 followed by Denmark with 13 operational 
sites covering 113 km2. The USA has the largest number of sites in concept/ early planning totalling 84 sites covering 
29,166 km2.  

Greater Gabbard offshore wind farm is generating the largest amount of energy of all offshore wind farms at 504 MW, 
followed by Walney (phases 1 and 2) generating 366 MW; both these sites are off the coast of England, as are the top 4 
operational offshore wind farms rated by energy generated. 

Figure 6 shows the number of offshore wind farms by country broken down by the different stages of development.

5 – Figures are not available for all offshore wind farms, these figures are based on available data and under-represents the 
actual total.
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The largest offshore wind farms are in the concept/ early planning stages in the North Sea off England, 5 sites each 
cover 5,567 km2, Dogger Bank Tranche C and Dogger Bank Tranche D each cover 5,162 km2 and a further 3 each cover 
4075 km2.	Dogger	Bank	Tranche	A	and	Dogger	Bank	Tranche	D	are	both	located	in	the	Dogger	Bank	Round	3	zone,	in	
the North Sea, released by The Crown Estate6  for offshore wind farm development. This overlaps the UK Dogger Bank 
Special Area of Conservation (SAC). The SAC is the largest sandbank in UK waters and the UK site adjoins Dutch and 
German Dogger Bank SAC sites. The UK SAC has been designated for sandbank habitat, JNCC note that ‘The Dogger 
Bank region is an important location for the North Sea harbour porpoise population’ yet it is only included as a ‘Grade 
D’ (a non-qualifying feature) in the SAC.  

After Vindeby, in the Kattegat Sea, Denmark, became operational in 1991, only five other offshore wind farms became 
operational in the 1990s and these were all in Northern Europe. These sites were only an average of 2 km2	in	size	with	
between 4-28 turbines. Since 2000, a further 62 sites are now operational and 347 are in the stages from planning to 
construction. Another 388 sites are in the stages from planning to construction but no dates are available for these sites, 
as these countries are relatively new in developing offshore wind farms it can be assumed that the majority of these 
plans have been developed since 2000. 

The	size	of	offshore	wind	farms	has	been	steadily	increasing.	The	average	sizes	of	the	earliest	developments	were	2	km2 
with 11 turbines. The largest site in the 1990s was Irene Vorrink in the Netherlands at 2 km2, with 28 turbines generating 
16.8 MW capacity. Today, offshore wind farms can cover thousands of km2 of seabed, with the majority covering an area 
of hundreds of km2, with hundreds of turbines generating many hundred MWs of electricity. 

Of the 112 sites that are withdrawn/rejected a number have had plans withdrawn by developers, many citing the 
spiralling costs of developing offshore wind farms making them economically unviable. A number have been rejected 
due to the risk to maritime and aviation safety. 6 of the sites were rejected due to ecological concerns, mainly due to 
their potential negative impact on birds.  

4.2 WAVE ENERGY 
Wave energy sites are a more recent development than wind and remain relatively uncommon. Their development 
has been concentrated in Europe and especially in Scotland. Outside of Europe, the USA and Australia in particular 
are developing wave energy sites. There are 59 wave energy sites globally in various stages of development (test and 
commercial, figure 7). Appendix 2 shows the full details for each of these wave energy sites. 

Of these offshore wave energy sites, 26 (44.07 %) are currently generating 27 MW capacity of electricity to the grid, this 
equates to 11945 homes. The majority of these operational sites are test or demonstration sites where devices are tested 
before being commercially deployed. There are 17 (28.81%) in the concept/ early planning stage. With the sites that are 
under construction, and those that have been approved, there will be an additional 6 (10.17 %) generating a further 123 
MW of electricity in the next few years. 

Scotland has the highest number of wave energy sites with 19 in various stages of development and accounting for   
32.2 % of all wave energy sites globally. The majority of these are test sites of just one device; the first was Limpet in 
Scotland, which became operational in 2000.  

The USA and Australia follow with 9 wave energy sites each in various stages of development, where the USA has the 
majority of sites in the concept/ early planning stage, Australia has 3 in the concept/early planning and decommissioned 
stages. 

Scotland has the largest number of operational sites with 6 sites.  Denmark and Spain both have 3 operational sites 
each. Scotland has the highest number of sites in the concept/ early planning stage numbering 10 sites in total and all of 
which were submitted in 2011.   

6 - the body that manages the seabed in the UK
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Figure 8 shows the number of wave energy sites by country, broken down by the different stages of development. 

The first wave energy site, with just one device, became operational in 2000 in the Isle of Islay, Scotland. The site, 
Limpet 500, provides 0.5 MW of electricity to the grid.  Since 2000, a further 24 sites are now operational globally (16 
of which are test sites) with the latest starting operation in 2012. A further 26 sites are in the stages from planning to 
construction, 11 of which are being planned in Scotland. 

There is currently little information available on the area of these sites; the area required will depend on the devices used, 
and the number deployed, at each of these sites. The area required to install a number of point absorbers, which are c. 3 
m wide tied to a 21m long shaft, compared to an attenuator, which is c. 120 m long will vary greatly. Of the 10 planned 
sites in Scotland 4 are using c.14 attenuators each. 

Data on the devices used is only available for some of the sites currently in concept/ early planning in Scotland. The 
devices included in these plans are oscillating wave surge converters and attenuators. The plans range from using 3 
oscillating wave surge converters at the Oyster 800 project in Orkney to 14 attenuators at sites off the Isle of Lewis and 
Shetland Isles. 
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4.3 TIDAL ENERGY 
Tidal energy sites are still relatively uncommon. Their development has been concentrated in Europe, in Scotland in 
particular. Outside of Europe, the USA, Canada and South Korea in particular are developing tidal energy sites. There are 
63 tidal energy sites, both test and commercial, globally in various stages of development. Appendix 3 shows the full 
details for each of these sites. 

Of these tidal energy sites, 19 (30.16 %) are currently generating 271.35 MW capacity of electricity to the grid, which 
equates to 120,052 homes. The majority, 23 (36.51 %), are in the concept/ early planning stage, followed by those that 
are operational with 19 sites (30.16 %). The majority of these operational sites are test or demonstration sites where 
devices are tested before being commercially deployed.  

If the plans for the sites in in the concept/ early planning stage and those that have been submitted are approved, this 
will result in a 66.67 % increase of sites being constructed in the oceans globally. 

Figure 9 shows the location of tidal energy sites, at all stages of development, globally. 

Figure 8. Wave Energy Sites by Country 
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Scotland has the highest number of tidal energy sites with 15 in various stages of development accounting for 23.81 
% of all tidal energy sites globally. Canada follows with 12 tidal energy sites in various stages of development, followed 
by England which has 7 sites. England, Norway, Scotland, Canada, Northern Ireland, and South Korea all have one 
operational tidal energy site each. Scotland has the highest number of sites in the concept/ early planning stage 
numbering 8.   

Only 1site has been withdrawn, planned for the Blackney Passage off Vancouver Island, Canada; the project was rejected 
due to the concerns over the impact on the Northern Resident Orca population, for which the water are recognised as 
critically important habitat. 

Original plans for the Severn Barrage across the Bristol Channel, in England, were rejected in 2010. Although there were 
many objections to the site including the impact on fish and the loss of mudflats and saltmarshes which are important 
areas for feeding birds, the reason for the rejection was given as ‘overly expensive’ (DECC, 2010). In 2012 Hafren 
Power resurrected the idea of the Severn Barrage, proposing using different technology to reduce the impact on the 
environment. 

Figure 10 below shows the number of tidal energy sites by country, broken down by the different stages of development. 

The first tidal energy site became operational in 1966 in France. The site, Rance Power Station, provides 240 MW of 
electricity to the grid. Since 2000, a further 16 sites are now operational, the most recent becoming operational in 2011.

There is currently very little information available on the area of these sites; the area required will depend on the devices 
used,	and	the	number	deployed,	at	each	of	these	sites.	The	area	required	to	install	a	number	of	horizontal	or	vertical	axis	
turbines (flowing water turns the turbine or rotor which drives a generator) will be much less compared to a duct turbine 
(housing a turbine in a duct, or ‘shroud’, concentrating the flow of water and creating pressure). 

Data on the devices used is only available for some of the sites currently in concept/ early planning in Scotland. The 
devices	included	in	these	plans	include	horizontal	or	vertical	axis	turbines,	oscillating	hydrofoil	and	contra	rotating	
turbines.	The	plans	range	from	using	66	horizontal	or	vertical	axis	turbines	at	the	Brough	Ness	site	in	the	Orkney	Islands	
to 6 contra rotating turbines at sites in the Mull of Kintyre in the Irish Sea. 

Figure 10. Tidal Energy Sites by Country



33

5. POTENTIAL IMPACTS OF MARINE RENEWABLE ENERGY ON CETACEANS 
The potential negative impacts of the deployment of MREDs in the marine environment are likely to vary depending 
on the types of development, the habitat and the species found in the region. It has also been suggested that MREDs 
may have ecological benefits (Inger et al., 2009). Little is known about the negative or positive impacts of MREDS on 
cetaceans at present (Simmonds and Brown, 2010, Simmonds et al., 2010, Brown and Simmonds, 2009, Wright et al. 
2009), despite their rapid growth, in particular of offshore wind farms where many have been in operation since the 
1990s. Currently there has only been limited, small-scale research into the impacts over the last few years. Studies to 
date have focused on harbour porpoises and seals (Carstensen et al. 2006, Bailey et al., 2010, Brandt et al., 
2011, Lindeboom et al., 2011, Nabe-Nielsen et al. 2011, Scheidat et al., 2011, Skeate et al., 2012, Teilmann and 
Carstensen, 2012). 

As wave and tidal devices are new and there is limited data on the effect on cetaceans, it is difficult to know which 
locations would be the most sensitive to developments and which might be less affected (House of Commons Energy 
and Climate Change Committee, 2012). 

Information on the negative environmental impacts on local ecosystems off La Rance tidal barrage, which has been in 
operation since the 1960s, along with the high generation costs and the long payback times, mean it is unlikely that tidal 
range energy will be commercially developed (European Ocean Energy Association, 2012).  

The severity of any impacts on cetaceans can be expected to differ at each site based on a number of variables including 
the type of device used, the type of foundation, location (near shore, offshore, deep estuaries etc.), topography, nature 
of the sea bed, water depth and scale, as well as the species encountered, the value of the site for that species and the 
opportunity to move away.  

A single device can be expected to have a different impact to that of an array, which in some cases may number 
hundreds of turbines. Neighbouring developments may have combined impacts for example, Madsen et al. (2006) 
commented that ‘if the very large offshore wind farms are realised this could involve construction activities at 
several locations in the area [of the German Bight] simultaneously every summer for the next decade’. This has been 
acknowledged on the east coast of Scotland, where wind farm developers are working together to understand the 
impacts of simultaneous developments. 
 
Many of the potential impacts would be site-specific and baseline data for each site would be required to understand 
the abundance and distribution of species and local habitat use, so that MREDs are not located in sensitive areas such 
as breeding and feeding grounds, or on migratory routes. For example, many shallow waters in northern Europe are 
important calving and nursing areas for harbour porpoises. 
 
Despite the issues involved in identifying impacts (see section 5.1 and 5.2), defining their significance and adequately 
mitigating them, concerns have certainly become significant enough for Agreement on the Conservation of Small 
Cetaceans of the Baltic and North Seas (ASCOBANS) to call for more action. For example, a resolution passed by 
the ASCOBANS Parties in 2006 called for further research to be conducted on the effects of offshore wind farms on 
cetaceans (ASCOBANS, 2006).  

In 2009, the Parties to the same agreement highlighted concerns raised by construction noise during offshore 
construction in a further resolution (ASCOBANS, 2009). Among other things, this resolution called for a ‘strategic 
approach’ to siting marine renewable developments, including ‘Strategic Environmental Assessments’, and for the 
development of mitigation measures. 

The rapid increase of MREDs globally, and the lack of available data on their impact on cetaceans, has also become a 
significant enough concern for the International Whaling Commission (IWC) to hold its first workshop to discuss the 
issue in 2012.  The workshop highlighted the need for research to identify the threats and their potential impacts on 
cetaceans, via monitoring designed to assess these impacts, and to test the efficacy of any mitigation measures that are 
implemented (IWC, 2012).  
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5.1. POTENTIAL NEGATIVE IMPACTS 
At all phases of the life of a project, the main potential threat to the marine environment is the disruption of natural 
processes (Wilson et al., 2010), whether by noise, disturbance, collision or a combination of these. The potential 
for negative impacts to mammals from marine renewable installations is not disputed. For example, the website of 
‘Wind Energy – The Facts’7 comments that ‘Offshore wind farms can negatively affect marine mammals, both during 
construction and operational stages. The physical presence of turbines, the noise during construction, the underwater 
noise as well as [associated] boat and helicopter traffic can disturb mammals causing them to avoid offshore wind 
farms’ (Wind Energy, 
2012). 

The House of Commons Energy and Climate Change Committee (2012) state that ‘Wave and tidal energy could be 
damaging to marine wildlife in UK waters. For example, wildlife could collide with the devices, habitats might be lost 
or damaged, migration routes could be blocked and construction will result in noise and vibrations, which may have 
adverse consequences for wildlife. Since the technology is still very novel, there is still a great deal of uncertainty about 
how likely or severe these impacts will be’. 

Similarly, the UK’s 2009 Strategic Environmental Assessment (SEA) of Offshore Energy (which considers oil and gas 
exploitation as well as renewables) reported as follows: ‘In general, marine mammals show the highest sensitivity 
to acoustic disturbance by noise generated by offshore wind farms and by hydrocarbon exploration and production 
activities’ (DECC, 2009). There are a range of concerns related to MREDs, these are listed below: 

5.1.1 SITING OF DEVICES
The impacts of an MRED are going to be strongly affected by its location. If a development is placed in, or adjacent to, 
sensitive areas for cetaceans, such as those used for breeding, nursing, feeding or migration, the impacts are likely to be 
greater than developments located away from these critical areas.  

Also if there are further developments in an area, e.g. other MREDs, or oil and gas developments, the noise 
transmissions may combine synergistically to have a greater effect. 
 
Developers preferred sites for tidal stream devices are usually restricted passages such as between islands and the 
mainland or around headlands and harbours, yet these are also areas favoured by some coastal species of marine 
mammals.  

The limited research on the impacts of pile driving during the construction phase conducted so far, has shown the 
potential for MREDs to cause behavioural changes in harbour porpoises and both grey seals (Halichoerus	grypus), and 
harbour seals (Phoca	vitulina), which leave the area during construction and in some instances, do not return to their 
usual numbers later (Carstensen et al. 2006, Skeate et al., 2012). 

However if MREDs are appropriately sited, away from areas critical for cetaceans, then some of the potential impacts 
below may be reduced or totally avoidable. This should therefore be a primary consideration in strategic decision-making 
surrounding development location. 

7 - A project of the European Commission’s Executive Agency for Competitiveness and Innovation
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5.1.2 UNDERWATER AND SURFACE NOISE
Noise will be generated during construction, installation, maintenance, operation and decommissioning of MREDs. 
Installation is of particular concern as percussive pile driving is used for many of the foundations including oscillating 
wave surge convertors, tidal devices using turbines and monopile, tripod and jacket foundations for offshore wind farms 
which cover 15.01 % of all known offshore wind farms (where data is available).  

The pile driving process for each device can last several hours (ICES WGMME, 2010), and for large wind farms at least 
construction could last many years, and often at sites adjacent to each other. If pile driving is conducted at more than 
one site at a time a ‘barrier effect’ might occur preventing the animals from leaving or migrating through an area. 
Pile driving also has the potential to cause physical harm. Reactions of harbour porpoises to the pile driving process for 
wind development have been recorded at distances up to 15 km from the piling site (Carstensen et al., 2006).

Thomsen et al. (2006) found that the noise generated by the construction of offshore wind farms was loud enough to be 
audible by harbour porpoises beyond 80 km from the source and could mask communication at 30 – 40 km. Bottlenose 
dolphins could exhibit behavioural responses at distances of up to 40 km from pile driving locations (Bailey et al., 2010). 

Brandt et al. (2011) found the behavioural effect of pile driving, during the installation of monopile foundations at Horns 
Rev II, on harbour porpoise acoustic activity ‘lasted much longer than previously reported’, and that ‘porpoise activity 
and possibly abundance were reduced over the entire 5 month construction period’. 

The U.S Department of Energy (2009) stated that “it is known from experience with other marine construction activities 
that the noise created by pile driving creates sound pressure levels high enough to impact the hearing of harbour 
porpoises” and that this could lead to changes in their behaviour and increase stress levels leading to decreased foraging 
efficiency, displacement, decreased reproduction, increased strandings and mortality. 

Currently there are no studies to demonstrate the potential impacts of pile driving on other cetacean species; however 
minke whales are very vulnerable to the impacts of intense noise pollution. There was a significant decrease in northern 
minke whale (Balaenoptera	acutorostrata)	sightings rates in western Scotland during periods of naval exercises (Parsons 
et al., 2000).  From recordings taken during pile driving in the Moray Firth, Bailey et al. (2010) suggested that northern 
minke whales, and other mid- and low-frequency hearing cetaceans, may exhibit behavioural disturbance up to 50 km 
away from the source.

It has been suggested that Acoustic Deterrent Devices (ADDs) (powerful underwater noise-generating devices are 
intended to warn and deter animals) could be used to minimise injury from pile driving. Not only does this introduce 
additional noise, it remains unproven due to the early stage of development of these devices (Dolman and Simmonds, 
2012). There is concern that the noise generated by ADDs may exclude marine mammals, especially cetaceans from 
significant areas of habitat (Gordon and Northridge, 2002).  

In Germany, there is a consensus that temporary threshold shift (TTS, a type of potentially recoverable auditory damage) 
is categorised as injury in the sense of law therefore developers are required to apply noise mitigations to reduce noise 
levels to below 160 dB Sound Exposure Level (SEL) or 190 dB Sound Pressure Level (SPL) at distances greater than 
750 m to the piling site (IWC, 2012).  Even with the noise mitigation measures required by developers in Germany it can 
still be expected that there will be disturbance of harbour porpoises within a 10 km radius of the site (IWC, 2012). 

Noise and other disturbance from MRED-associated drilling, dredging, cable laying and dramatically increased vessel 
activity during construction and operation could also have a negative impact. Tougaard et al (2008) stated that the 
‘operation of the offshore wind farm where turbine machinery (and service activities) creates a low-intensity, yet almost 
continuous, underwater noise’. The noise transmission from an operational array of offshore wind farms or other 
devices may combine synergistically to have a biological effect. Masking could be a particular problem as cetaceans 
communicate by sound (Tougaard et al., 2008). 
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During operation, wave and tidal devices have the potential to generate noise in a number of different ways, including 
rotating machinery, flexing joints, structural noise, moving water, moorings, electrical noise, and noise caused by device 
instrumentation. These sounds can enter the marine environment by direct contact with the water or by transfer through 
the seabed (ICES WGMME, 2012). The noise produced from tidal devices is relatively unknown, the noise generated 
from	wave	devices	is	assumed	to	be	around	140	dB	at	350	Hz	re:	1	μPa	at	1	m	(IWC,	2012).	

Decommissioning of MREDs is likely to involve structure/device removal, waste and debris clearance and disposal 
and seabed restoration. Many of the activities involved in decommissioning are similar to those in device installation, 
and as a result many of the associated risks to marine mammals are similar e.g. collision with maintenance vessels, 
noise, seabed disturbance, and disturbance of animals. However the physical removal of foundations, such as mooring 
systems, and piles, may pose the greatest risk, particularly if structures such as piles need to be physically removed 
from the seabed.  

Pile removal is likely to involve excavation or cutting of the exposed part; explosives may be used to remove the piles 
in certain cases (ICES WGMME, 2012). The use of explosives has the potential to cause physical harm or be lethal to 
cetaceans (Prior and McMath, 2007). 

The U.S Department of Energy (2009) stated that ‘it is known from experience with other marine construction activities 
that the noise created by pile driving creates sound pressure levels high enough to impact the hearing of harbour 
porpoises’ and that this could lead to changes in their behaviour and increase stress levels leading to decreased foraging 
efficiency, displacement, decreased reproduction, increased strandings and mortality. 

5.1.3 DISPLACEMENT
It is possible that a combination of disturbing and habitat-degrading activities, potentially including the noise generated 
from pile driving, cable laying, increased vessel movements for construction and maintenance purposes, could cause 
displacement of cetaceans from the area where devices are deployed.  

Boat disturbance has been shown to affect behaviour and displace dolphins (see, for example, Lusseau, 2005). Noise 
has the potential to displace cetaceans, as sound is essential for communication (possibly over a wide ranging area), 
navigation and hunting. Harbour porpoises were shown to occur less frequently in the area around both Nysted and 
Horns Rev during the construction of the offshore wind farms in Denmark; a change mainly thought to be due to the 
noise created during construction. At Horns Rev it seems the porpoises started to return, yet two years later, at Nysted, 
the porpoises are still not as numerous as they were during the baseline study (Snyder and Kaiser, 2009). 

Installing arrays of devices, perhaps particularly tidal arrays, may make entire local habitats inaccessible for coastal 
communities of certain species, including harbour porpoises.  

5.1.4 ENTRAPMENT, ENTANGLEMENT OR COLLISION
The devices themselves and certain features in particular (such as rotating blades and tethering lines) may present risks 
of entrapment, entanglement and harmful, perhaps even lethal collisions.  

Tidal barrages in particular have the potential to trap marine life. At one tidal energy site, Annapolis Royal Generating 
Station in the Bay of Fundy, Canada, two humpback whales (Megaptera	novaeangliae) became trapped. The first was 
trapped in the upper part of the river for several days in 2004 after swimming through the sluice gates. In 2007 the 
body of an immature humpback whale was discovered, the post mortem suggested that the whale had followed the fish 
through the sluice gates and also became trapped (Nova Scotia Power, 2012). 

Floating	devices	could	present	a	collision	hazard	along	with	their	supporting	structures.	Carter	et al. (2008) have 
modelled the likely encounter rate of marine mammals with marine energy devices. They concluded that there was a 
possible risk to marine mammals noting that these devices will be big (for example, the turbines of one device have a 
diameter of approximately 15 to 20 m) and that the developers’ preferred sites for tidal stream devices will be restricted 
passages, for example, between islands and the mainland, or around headlands which are also favoured by marine 
mammals. Wilson et al. (2007) conducted a modelling exercise, in Scottish waters within the Strategic Environmental 
Assessment (SEA) area, to investigate the collision risk for porpoises with rotating blades of underwater turbines. 
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Their model predicts an encounter rate of 13 individuals per year per turbine. Collision risk with the device is considered 
to be higher when a greater proportion of the device is below the surface, and also at times of increased turbidity and 
during storms. Collisions with rotating blades used in underwater turbines are likely to cause direct injury, and in some 
cases death. 

One	of	the	greatest	hazards	for	some	animals	may	be	cables	used	to	tether	some	types	of	wave	and	tidal	devices	to	the	
seabed. Types and amounts of cable vary according to the device type, but include mooring cables, chains, guy-lines and 
power	cables.	They	can	be	slack,	taut,	vibrating,	horizontal,	diagonal,	vertical,	crossed,	current-carrying	and	so	forth,	
and	with	the	potential	to	be	hazards	for	cetaceans	and	other	wildlife.	As	many	future	devices	and	arays	being	developed	
use floating structures, there will be many more devices attached to the sea bed using various cables. Some species 
seem predisposed to entanglement, particularly baleen whales. In Scottish waters more than 50% of stranded minke 
whales showed signs of having been entangled (Northridge et al., 2010). 

Cetaceans may be able to avoid the devices but only if they are able to detect the objects, realise they are a threat 
and be able to take appropriate action i.e. swim around, evade, swerve etc. (Wilson et al., 2007). This becomes more 
complicated for the animals if several cables are used per device and/or multiple devices are present. 

The risk of collisions between boats and cetaceans is significantly increased due to the increased vessel activities during 
exploration, construction, maintenance and decommissioning of various MREDs.  Vessels installing and maintaining 
tidal devices can potentially have a greater collision risk as they will be operating in full tidal flows, and to remain 
stationary may be moving at speed through the water (i.e. >3 m s-1) (ICES WGMME, 2011).  Vessels, in particular 
commercial vessels (e.g. shipping and fishing), may be banned from a site reducing the risk of vessel collisions within 
the MRED site; however this will result in increased vessel traffic, and potential for higher collisions with cetaceans 
outside the site. 

Floating	devices	could	present	a	collision	hazard	along	with	their	supporting	structures.	Carter	et al. (2008) have 
modelled the likely encounter rate of marine mammals with marine energy devices. They concluded that there was a 
possible risk to marine mammals noting that these devices will be big (for example, the turbines of one device have a 
diameter of approximately 15 to 20 m) and that the developers’ preferred sites for tidal stream devices will be restricted 
passages, for example, between islands and the mainland, or around headlands which are also favoured by marine 
mammals. Wilson et al. (2007) conducted a modelling exercise, in Scottish waters within the Strategic Environmental 
Assessment (SEA) area, to investigate the collision risk for porpoises with rotating blades of underwater turbines. Their 
model predicts an encounter rate of 13 individuals per year per turbine. Collision risk with the device is considered to be 
higher when a greater proportion of the device is below the surface, and also at times of increased turbidity and during 
storms. Collisions with rotating blades used in underwater turbines are likely to cause direct injury, and in some cases 
death. 

One	of	the	greatest	hazards	for	some	animals	may	be	cables	used	to	tether	some	types	of	wave	and	tidal	devices	to	the	
seabed. Types and amounts of cable vary according to the device type, but include mooring cables, chains, guy-lines and 
power	cables.	They	can	be	slack,	taut,	vibrating,	horizontal,	diagonal,	vertical,	crossed,	current-carrying	and	so	forth,	
and	with	the	potential	to	be	hazards	for	cetaceans	and	other	wildlife.	As	many	future	devices	and	arays	being	developed	
use floating structures, there will be many more devices attached to the sea bed using various cables. Some species 
seem predisposed to entanglement, particularly baleen whales. In Scottish waters more than 50% of stranded minke 
whales showed signs of having been entangled (Northridge et al., 2010). 

Cetaceans may be able to avoid the devices but only if they are able to detect the objects, realise they are a threat 
and be able to take appropriate action i.e. swim around, evade, swerve etc. (Wilson et al., 2007). This becomes more 
complicated for the animals if several cables are used per device and/or multiple devices are present. 

The risk of collisions between boats and cetaceans is significantly increased due to the increased vessel activities during 
exploration, construction, maintenance and decommissioning of various MREDs.  Vessels installing and maintaining 
tidal devices can potentially have a greater collision risk as they will be operating in full tidal flows, and to remain 
stationary may be moving at speed through the water (i.e. >3 m s-1) (ICES WGMME, 2011).  Vessels, in particular 
commercial vessels (e.g. shipping and fishing), may be banned from a site reducing the risk of vessel collisions within 
the MRED site; however this will result in increased vessel traffic, and potential for higher collisions with cetaceans 
outside the site. 
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5.1.5 CONTAMINATION OF THE LOCAL ENVIRONMENT
Contamination could occur via leaks or spills of hydraulic fluid used in various devices e.g. due to storm damage, 
corrosion, device malfunction or collision with vessels. Vessel collisions may lead to significant leaks of cargoes or fuel 
carried by the vessel involved (ICES WGMME, 2011). 

Antifouling methods are most likely to be used on wave and tidal devices to retain functionality as their moving parts are 
under the water and also on the static parts of other devices. It is most likely that antifouling paints would be the primary 
method used to stop marine growth and such coatings are typically toxic and may increase local pollution. 

5.1.6 ELECTRICAL AND ELECTROMAGNETIC DISTURBANCE 
The extensive underwater electrical cables associated with MREDs may affect wildlife. This has been highlighted as a 
threat to elasmobranchs, but other wildlife, including cetaceans, might also be affected. The electromagnetic fields could 
alter feeding behaviour, migration, reproduction, or susceptibility to predation of animals near the cables and there is 
also risk of injuries and mortalities depending on the strength of fields (U.S Department of Energy, 2009).  

5.1.7 OTHER HABITAT DEGREDATION 
This might include damage to the sea bed, destruction due to artificial hard foundations (Wilson et al., 2010), changes in 
vertical mixing and increased turbidity (particularly during installation and construction). Scouring around turbine bases 
causes major changes in sandbank habitats, and the engineering (such as rock placement) to stop scouring has the 
potential to cause major habitat changes. 

Local benthic flora and fauna may be disturbed, though the affects may be short term. Disturbance of pelagic or          
demersal organisms, including fish, may have negative implications for their predators.

In areas where devices are placed in the currents and velocities there, is the potential for alterations of currents, waves, 
circulation patterns and water quality, potentially having knock-on effects for cetacean behaviour (U.S Department of 
Energy, 2009). 

5.2.POTENTIAL POSITIVE IMPACTS
There are possible positive impacts for marine wildlife that may result from deployment of MREDs, although currently 
there is little direct evidence of this.  

Renewable developments might exclude large fishing operations from certain waters due to boats being unable to 
operate amongst the structures, reducing risk of collisions, bycatch and noise generated into the marine environment. 
However the potential benefit of reduced fishing operations may be offset by the increased number of maintenance 
vessels.  

Such potential benefits need to be carefully evaluated before they can be accepted.  

5.2.1. ARTIFICIAL REEFS
Inger et al. (2009) suggest that, if appropriately managed and designed, MREDs may increase local biodiversity and 
potentially benefit the wider marine environment by acting as artificial reefs. Witt et al. (2012) note that the extent to 
which	these	‘artificial	reefs’	may	be	beneficial	to	marine	life	will	depend	on	the	location,	size	and	type	of	device.		

A wider consideration is that MREDs may help to restore areas of seabed that have been lost through commercial fishing 
as these areas are likely to be closed to commercial fishing during the lifetime of the site. The hard structures that are 
used to support, or for foundations for MREDs provide hard bottom habitats and opportunities for fish or larvae to settle 
(Wilson et al., 2010).  

5.2.2. FISH AGGREGATION DEVICES 
Reefs and aggregation devices have been used previously to facilitate restoration of damaged ecosystems, which have 
proven successful in enhancing both biodiversity and fisheries (Inger et al. 2009).  The extensive mooring systems used 
on the foundations of many MREDs may act as fish aggregating devices and attract marine mammals that feed on the 
concentrated prey resources (Witt et al., 2012).  
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5.2.3. REDUCED VESSEL ACTIVITY 
Owing to the potential for collision between vessels and MREDs, and the entanglement of fishing gear, it is likely 
that traffic within a site will be limited to vessel traffic for construction, maintenance and decommissioning of a site. 
Usually	there	is	a	significant	exclusion	zone	around	wind	turbines,	for	vessel	safety,	this	may	result	in	large	wind	farms	
becoming	more	or	less	no-take	zones.	The	extent	of	vessel	activities,	eg.g	fishing,	conducted	around	MREDs	will	depend	
on the spacing between devices and other safety issues. 

Potentially commercial vessels will be banned along with limited recreational traffic within the site reducing the potential 
for collisions with these types of vessels and cetaceans within the site. However this may be offset by increased number 
of maintenance vessels in the site. 

5.2.4 POTENTIAL PROTECTED AREAS 
With potentially limited non-MRED vessel traffic, in particular commercial fishing activity, it is possible that MRED sites 
could to some extent form de facto marine-protected areas. However, the extent to which marine renewable sites may 
cause fisheries to be excluded (or encouraged) or, more generally, the levels of protection for species that they may 
create, remain unclear. 

5.3. CURRENT RESEARCH  
The potential impacts of MREDs on cetaceans are increasingly supported by scientific evidence and opinion, but remain 
relatively little studied in the field (Dolman and Simmonds, 2012). As wave and tidal power devices are relatively new, 
less research has been conducted into their impact on the marine environment than on wind farms. However, with 
similarities in the types of foundations, some conclusions can be drawn from similar research conducted into offshore 
wind farms and oil and gas operations. 

Noise levels from construction, again in particular pile driving, and maintenance may be a significant issue, especially in 
areas of high marine mammal abundance. Current research shows that the construction phase of offshore wind farms, 
when pile driving is typically used, has the greatest potential to cause acute effects including behavioural changes such 
as avoidance of currently used areas. Certainly, pile driving is identified as among the most intense anthropogenic sound 
sources in the marine environment (Weilgart, 2007). The installation of monopile foundations has been found to have 
a profound negative effect on harbour porpoise acoustic activity up to 72 hours after pile driving activity (Brandt et al., 
2011).  

Many of the turbines used for wave and tidal power have a diameter of c.15 – 20 m, and the developers preferred sites 
for tidal stream devices will be restricted passages where current movement is fast, such as between islands and the 
mainland, or around headlands, areas which are also favoured by marine mammals. Wilson et al. (2007) conducted 
a modelling exercise to investigate the collision risk for porpoises with underwater turbines. Their model predicts an 
encounter rate of 13 individuals per year per turbine. Scaling this for 200 turbines, such as at the approved New Zealand 
Kaipara Harbour site, there is the possibility of 2600 turbine blade encounters per year, some of which may have the 
potential to be fatal. 

To date offshore wind farm studies focus on the impacts of MREDs on harbour porpoises, only recently are the impacts 
on bottlenose dolphins starting to be researched. Those studies that have been conducted are small in number and 
mainly short term studies. In the main these studies have shown a reduction in the abundance of harbour porpoises and 
the potential to cause behavioural reactions in bottlenose dolphins up to 40 km during the construction of the offshore 
wind farm during pile driving (Bailey et al., 2011). 

Between 1999 and 2006, monitoring was conducted at Horns Rev and Nysted offshore wind farms in Denmark. 
This included gathering baseline data and then studying the construction and operational phases. The only cetacean 
commonly encountered on this coastline is the harbour porpoise (Teilmann et al., 2007).  

At Horns Rev, the density of the porpoise population decreased during construction, and then recovered. At Nysted, 
porpoise densities decreased significantly during construction. Carstensen et al. (2006) reported a pronounced negative 
effect of construction on the reaction of porpoises to the construction of the Nysted offshore wind farm in the western 
Baltic by monitoring their echolocation clicks.
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Given the intense sound production during construction, it is not surprising that harbour porpoise detection at Nysted 
and Horns Rev marine offshore wind farms in Denmark decreased over considerable ranges during pile driving for 
offshore wind farm construction (Teilmann et al., 2007). 

Thomsen et al. (2006) found that the noise generated by the construction of offshore wind farms was loud enough to be 
audible by harbour porpoises beyond 80km from the source, could mask communication at 30 – 40 km, and that there 
are behavioural reactions at 10 – 20 km. They concluded that the construction of offshore wind farms has “the potential 
to affect porpoise behaviour and physiology at considerable distances and the mitigation should focus on damping of the 
higher frequency part of the ramming noise”. 

Brandt et al. (2011) found the effect of pile driving during the installation of monopile foundations at Horns Rev II 
on harbour porpoise acoustic activity was “reduced by 100% during 1 h after pile driving and stayed below normal 
levels for 24 to 72 h at a distance of 2.6 km from the construction site….consequently, porpoise activity and possibly 
abundance were reduced over the entire 5 month construction period. The behavioural response of harbour porpoises to 
pile driving lasted much longer than previously reported.” 

In contrast to these findings, between 2007 and 2009, monitoring was conducted at Egmond ann Zee offshore wind farm 
studying the acoustic activity of harbour porpoises during normal operation of the offshore wind farm, and comparing 
this with baseline data from 2003-2004. Scheidat et al. (2011) found “a substantial increase in acoustic activity from 
baseline to operation at all stations indicating an increase in the number of porpoises occurring in the area as a whole”. 
Unfortunately, in the case of Egmond ann Zee, no monitioring was conducted during contruction of the wind farm. 

No conclusions could be drawn for the increase in numbers, but two causes have been suggested; increased food 
availability due to the reef effect, or the absence of vessels. Teilmann et al. (2007) have suggested that harbour 
porpoises may be more tolerant to noise and other disturbance in areas that are of greater importance for breeding or 
feeding, and more likely to abandon areas of less importance without major consequences to the population.  

Scheidat et al. (2011) also state that due to differences in the ecology of Egmond aan Zee which is located in the open 
North Sea ‘in an area dominated by hydrographical frontal systems created by the efflux from large river, most notably 
the Rhine’, compared to other offshore wind farms such as Nysted which is located in ‘near-brackish waters with a 
bottom substrate of bare sand overlain with mud’ may attribute to the different findings. The difference in foundations 
may also be significant with Horns Rev using monopile foundations. Lindeboom et al. (2011) also studying the 
environmental impacts of Egmond aan Zee (but no specific research was conducted for harbour porpoises) concluded 
that	as	‘all	other	marine	offshore	wind	farms	are	planned	outside	the	zone	of	12	nautical	miles,	care	must	be	taken	when	
extrapolating results to other areas’. The exclusion of trawl fisheries was found to lead to an increase in some mobile 
fish species, and a decline in others which appears to have led to a localised increase in harbour porpoise numbers.

At Beatrice offshore wind farm, in the Moray Firth, Scotland, passive acoustic monitoring was undertaken to assess 
whether cetaceans responded to pile driving noise during the installation of two 5 MW offshore wind turbines compared 
to a control site.  Harbour porpoises were found to respond to disturbance from installation activities, Thompson et 
al. (2010) found that there was short-term response by harbour porpoises within 1 – 2 km of the site and noted that 
‘Any potential disturbance to cetaceans from the pile driving required to install the two 5 MB wind turbines in this study 
would have been experienced over only a few days. In contrast, the pile driving activity required to install the 1– 2GW 
offshore wind farms anticipated under Round 3 developments could extend over several years. This clearly demands a 
much higher level of understanding of likely impacts and effective mitigation measures’. 

On the basis of recordings made of the piling of two deep-water turbines in the Moray Firth, Bailey et al. (2010) 
suggested that bottlenose dolphins, and northern minke whales and other mid- and low- frequency hearing cetaceans, 
may exhibit behavioural disturbance up to 50 km away from the source. These authors also noted that physical harm 
could have occurred if cetaceans had been within 100 m of the pile driving. 

On the basis that clicks relate to density, they found substantial changes in habitat use, with harbour porpoises leaving 
the construction area, then, only after two years of operation, did the population partially recover. This indicates that 
harbour porpoises were displaced during the construction phase and have not used the habitat to the same extent they 
previously did. It has also been noted that it is unclear if it is the same animals returning, or if they are new animals 
moving into the area.  
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This illustrates the importance of considering how the physical circumstances of each development will affect the 
noise generated at each site. Bailey et al. (2010) concluded that ‘as the marine renewables industry develops, our 
understanding of the noise produced and potential effects on marine species must be improved so that appropriate 
mitigation procedures can be developed’.  

During 2011, Wilke et al. (2012) tested five different noise mitigation systems for reducing noise generated during pile 
driving, at the Brodten pile in Lübeck Bay, Baltic Sea. The mitigation systems included various bubble curtains, fire 
hose	curtains	and	a	system	that	uses	air	bubbles	with	fixed,	firm	bubbles	of	defined	size	and	shape	that	are	connected	
to a net. All systems resulted in a reduction of the noise generated during pile driving. In relation to marine mammals 
the	results	showed	that	‘in	the	high-	frequency	range	up	to	5,000	Hertz,	which	is	the	most	sensitive	range	for	marine	
mammals, the reduction reaches values of up to 25 dB’.  Overall the results showed a broad-band reduction of 7-9 dB 
SEL (Wilke et al., 2012). 

5.3.1. OVERVIEW OF RESEARCH RECOMMENDATIONS 
Results from the research conducted stresses the fact that results from one offshore wind farm are not necessarily 
transferrable to other offshore wind farms. It also highlights that robust baseline data are required to understand the 
abundance, distribution and densities of species and local habitat use, so that MREDs are not located in sensitive areas 
such as breeding, nursing and feeding grounds, or on migratory routes.  

There is clearly a requirement for more research on the potential impacts of MREDs, noted in sections 5.1 and 5.2, on 
harbour porpoises (where there has been limited research) but also on other cetacean species including monitoring the 
productivity of animals (they may still be present in an area but not breeding), their prey and habitats to help mitigate 
the impacts of MREDs on cetaceans. The research needs to cover all stages of the lifetime of the MREDs to be able to 
evaluate their impacts on cetaceans and also consider the cumulative effects. 

At least until the key potential impacts are fully understood and accounted for, large scale monitoring programmes are 
required. These monitoring programmes should run before, during and after construction, addressing the amounts and 
behaviour of vulnerable organisms, along with the intensity and effects of human uses other than MREDs. The IWC 
workshop of 2012 stated that “Monitoring needs to be designed carefully to assess impacts against pre-determined 
conservation objectives and to measure the efficacy of any mitigation measures that are implemented.”   

In 2011, the ICES Working Group on Marine Mammal Ecology reviewed the effects of tidal devices on marine 
mammals, and in 2012 the effects of wave energy devices on marine mammals. These reviews concluded that the 
recommendations made in the 2010 review on baseline and impact monitoring of offshore wind farms is relevant to all 
MREDs (ICES WGMME, 2011 and ICES WGMME, 2012).  

These comprehensive recommendations included that multinational studies should be undertaken considering the trans-
boundary nature of marine mammals. They also concluded that methods need to be developed to assess the cumulative 
effects of the underwater noise level caused by the simultaneous wind farm construction and operation at nearby sites. 

The working group concluded that the establishment of means for efficient dissemination of results of these surveys, 
previous EIA reports and previously collected baseline data need to be established and available for subsequent studies 
and assessments (ICES WGMME, 2010). 

The recent IWC workshop report (2012) provides a comprehensive set of monitoring requirements covering all stages 
of development and site selection. It identifies that some areas of monitoring, such as distribution and abundance have 
well established techniques that just need to be applied. For other monitoring needs, such as the impacts of MREDs on 
cetaceans, there is the need for the development of field and analytical methods, and consistency between projects. 
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It can be expected that as the industry develops, if monitoring is adequately conducted, impacts and their significance 
will become clearer. Hence, there is also a need for rapid and transparent sharing of research information and 
government guidance on adaptive management of the marine renewables industry. This will help to reduce the 
unknowns, provide more certainty for developers and ultimately develop a truly environmentally sustainable industry. 
In addition, if some renewable energy-generating mechanisms or some methods of installation prove to be especially 
benign, they might be promoted and, conversely, cetacean-unfriendly mechanisms or methods could be replaced in 
favour of more 
environmentally benign options.  

Nations need to coordinate their activities in this field, especially those with shared marine boundaries as management 
will have to consider all potential transient impacts across such boundaries, especially considering the mobile nature of 
cetaceans.

5.3.1.1 BASELINE RESEARCH 
Establishing adequate baseline data, on the use of an area by cetaceans, before building developments is essential. 
We would be in a much better position now to assess impacts if better baseline data had been available ahead of the 
offshore wind farms now in operation.  
 
WDC recommends that a site specific monitoring plan is prepared for every development. A combination of visual 
and acoustic surveys are the best method for obtaining robust information on cetacean distribution, abundance and 
density, specific for the species of interest, in preparation for an environmental impact assessment (EIA) (Dolman and 
Simmonds, 2010).  In the US, studies on the distribution of cetaceans, on both small and large scale future development 
sites are starting to be undertaken to try and establish some baseline data (IWC, 2012). As part of this, strandings 
surveillance should be undertaken to develop a baseline from which an understanding of any increases in strandings 
rates due to impacts can follow (Dolman and Simmonds, 2012). Changes and anomalies in ‘cause of death’ should also 
be investigated e.g. evidence of injuries from mechanical devices. 

There is an urgent need for advice from governments on the most appropriate techniques to ensure adequate baseline 
surveys and impact studies. Most current guidance is based on terrestrial sites and seabird survey protocols which 
are unsuitable for tidal and offshore developments, and particularly marine mammals. Marine mammal surveys have 
often been developed as an add-on to boat based bird surveys (MASTS, 2010). Inadequately designed monitoring 
programmes may not detect behavioural or injury effects with the potential for delivering misleading results.  

5.3.1.2 CONSTRUCTION RESEARCH
The majority of the existing impact research has been conducted during the construction phase of development. Studies 
have been largely focused on the disturbance of harbour porpoises. The results have mainly shown a reduction in the 
abundance of harbour porpoises over various time periods, yet little is still known about the full impacts of construction 
methods on harbour porpoises, and even less is known about the impacts on other cetaceans. 

Due to the potential for physical harm, disturbance and displacement during the pile driving process used in the majority 
of	MRED	foundations,	and	the	large	number	and	size	of	MREDs	planned,	it	is	urgent	that	the	impacts	of	construction	are	
adequately monitored, fully understood and a timely adaptive approach is taken to future developments based on what is 
learnt.  

Acoustic monitoring at sites that use different foundation types, have different sea bed habitats and other factors that 
will affect noise transmissions is required. Preferably foundation types that are shown to cause a negative reaction in 
cetaceans, in particular those that require pile driving should not be used until tried and tested mitigation measures can 
be implemented. Some developers have stated that this may not be viable in many locations due to the cost of other 
types of foundations and conditions of the environment (such as the nature of the sea bed and currents). However, 
the noise generated from pile driving is the most immediate threat to cetacean populations in coastal waters where 
developments are proposed, particularly where pile driving is anticipated to be occurring around large parts of some 
coastlines for a number of years. It is essential that much greater effort is invested in developing alternative, quieter 
technologies or effective quieting mitigation measures.
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Significantly more research is needed to determine the extent of chronic, cumulative and long term effects of pile driving. 
Particular attention should be paid to identifying the range of frequencies utilised by marine mammals and minimising 
the production noise within this frequency range (Inger et al., 2009).  

5.3.1.3 OPERATIONAL RESEARCH
The Sea Mammal research Unit (SMRU, 2010) looked in detail at methods of marine mammal monitoring at MREDs; 
they stated that ‘The details of a monitoring strategy need to be considered on a site-by-site basis. The site-specific 
factors include species present, distance from shore, depth and characteristics of the devices to be used. It is also 
important to fully assess the extent of the existing data and how recent they are’. 

Appropriate guidelines are required for survey work at potential renewable sites, along with detailed guidance on survey 
methods for marine mammals. Scottish Natural Heritage (SNH) suggested that up to 15 years of post-construction 
monitoring may be necessary to fully understand the impacts (Dolman and Simmonds, 2010). 

Accurate measurements of operational noise from different designs of MREDs are required to identify the frequencies 
and intensities generated (MASTS, 2010). Again, particular attention should be paid to identifying the range of 
frequencies utilised by marine mammals and minimising the production noise within this frequency range (Inger et al., 
2009). 

Noise and vibrations during the operational phase are generally thought likely to be less intrusive than construction 
noise, but significantly more research is needed to determine chronic, long term effects. The noise transmission from an 
operational array of offshore wind farms or other converters may combine synergistically to have an enhanced biological 
effect.  

Understanding how cetaceans perceive, and interact with wave and tidal energy devices is important to assess the 
risk of collisions, entanglement and habitat displacement etc. The likely results of encounters between cetaceans and 
underwater turbines need to be investigated as a priority. Sites where devices are being tested offer a place to undertake 
this research. At test sites, alongside testing the efficiency of devices, the impact on the environment should also 
be recorded by obtaining suitable baseline data first and researching cetacean interaction/ response to the devices. 
To assess the impacts of operational MREDs on cetaceans, methods such as passive acoustic monitoring and aerial 
surveys will help to assess any habitat displacement (Dolman and Simmonds, 2010).   

Collisions with devices are generally either fatal or lead to a serious injury that has the potential to result in fatality. 
Collisions measurement needs to sample continuously or at least for an extended time window to capture seasonal 
variation (MASTS, 2010). Focusing on sites which offer the best scope for measuring actual collisions and validating 
collision risk predictions would be the most cost effective approach to collecting high quality data (MASTS, 2010). Video 
equipment can record collisions and entanglement incidents (Dolman and Simmonds, 2010).  

5.3.1.4 POST-OPERATION RESEARCH
Comprehensive monitoring to detect changes between pre-construction and post-operation stages requires a long term 
research programme, and large coverage to take into account natural variability.

At this stage, the decommissioning of MREDs has the greatest potential to negatively impact cetaceans through noise 
generated, where it is likely to involve structure/device removal, possibly through the use of explosives. Waste and 
debris clearance and disposal and seabed restoration have the potential to cause physical harm, or be lethal to cetaceans 
(Prior and McMath, 2007). 

As noise is of particular concern, research is required into the noise impacts of the decommissioning process, as well as 
a number of years after decommissioning to see the full impacts on cetaceans. 
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6. MARINE RENEWABLE ENERGY AND MARINE PROTECTED AREAS 
The term marine protected area, or ‘MPA,’ describes an area of ocean in which human activity is appropriately managed 
to conserve the marine environment and the wildlife that lives there. Under this umbrella term there are many different 
types of protected areas, including marine parks, marine reserves and in Europe, Special Areas of Conservation (SAC), 
Special Protection Areas (SPAs) and Marine Conservation Zones (MCZs), each with its own level of protection and 
different laws backing them up. 

The suitability of MPAs for cetaceans has been discussed by Hoyt (2011). He noted that there are areas of a cetacean’s 
range that are ‘essential for day-to-day well-being and survival, as well as for maintaining a healthy population growth 
rate’ and that these include ‘areas that are regularly used for feeding, breeding, calving, socialising and resting, as 
well as, sometimes, migrating’. These areas may be called home ranges, breeding or feeding grounds. He also noted 
the need to protect these ‘critical habitat’ areas for cetaceans and to also extend this protection to critical habitat for 
cetacean prey species. 

A limited number of MPAs, solely designated for cetaceans, exist worldwide. These range from the IWC ocean 
sanctuaries to small local reserves. The earliest MPA was designated in Glacier Bay, Alaska, in 1925 which offered some 
protection	to	cetacean	habitat,	and	El	Vizcaino	Biosphere	Reserve,	Mexico,	in	1972	and	expanded	in	1988,	specifically	to	
protect a prime grey whale mating and calving lagoon (Hoyt, 2011); one of the latest to be designated is Camden Sound 
marine park, Australia, in 2012 specifically designated to protect the calving ground of humpback whales.  

Recently WDC has identified 12 key habitats for whales and dolphins around the world and is campaigning to have these 
areas designated as MPAs; some of these areas have MREDs (at various stages) located within, or adjacent, to these 
key habitats for cetaceans particularly around Scotland, (figure 11) but also in other parts of Europe, Australia and New 
Zealand.  

The relationship between the siting of MREDs and associated activities, and the location of cetacean MPAs is an 
important one.
 
In UK waters, at those sites where adequate data exists to enable analysis, a number of areas of cetacean critical 
habitat, and areas of interest (areas where there is some evidence of importance for cetaceans, however there is 
limited information available) have been identified for harbour porpoises, bottlenose dolphins, white-beaked dolphins 
(Lagenorhynchus	albirostris), Risso’s dolphins (Grampus	griseus), minke whales and short-beaked common dolphins 
(Delphinus	delphis) (Clark et al. 2010). In addition Clark et al. (2010) they state that ‘For at least harbour porpoises, 
white-beaked dolphins, minke whales and common dolphins, given the importance of UK waters for these species, 
it is highly likely that further areas of critical habitat exist [….]. For many – particularly Atlantic white-sided dolphins 
(Lagenorhynchus	acutus), long-finned pilot whales (Globicephala	melas), northern bottlenose whales (Hyperoodon 
ampullatus), Sowerby’s beaked whales (Mesoplodon	bidens), sperm whales (Physeter	macrocephalus) and killer whales 
(Orcinus orca) – the UK’s waters provide significant areas of habitat and, within this, there will be areas of critical habitat, 
important for critical life processes such as breeding, calving and feeding’. 
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Earlier in this report the potential, but still largely unknown, impacts of MREDs on cetaceans have been detailed. Given 
the real concerns about impacts associated with intense introduced noise, habitat displacement, disturbance and injury,  
WDC recommends that until the impacts of MREDs can be fully assessed and mitigated, further developments within, or 
that may affect, areas that have already been identified as important for cetaceans are avoided.  
 
This will ensure that areas sensitive for cetaceans are avoided in the development process until an adaptive management 
and planning approach is applied and these developments have demonstrated that they are environmentally benign. 

6.1 HARBOUR PORPOISE 
As can be seen from figure 12 there are a number of locations around the UK where critical areas, and areas of interest, 
have been identified for harbour porpoises, the majority of which also include MREDs, in particular offshore wind 
farms, either inside these areas or adjacent to them. As these areas have been identified as containing higher densities 
of harbour porpoises, or are important for biological behaviours, any impacts on the harbour porpoises as a result of 
development activities, in particular from pile driving, collisions and increased boat traffic, may be accentuated in these 
areas.  

Current research into impacts of wind farm construction on harbour porpoises, are covered in detail in section 5.3. The 
limited research conducted so far has shown the potential for wind farms to cause behavioural changes, particularly 
displacement in harbour porpoises, which leave the area during construction and in some instances, do not return in 
their usual numbers later. 

An area of interest for harbour porpoises off the east coast of England overlaps with the Dogger Bank SAC, and the 
Round 3 Zone released by the Crown Estate. The Moray Firth Round 3 Zone is completely within an area of interest, 
and adjacent to critical habitat for harbour porpoises. These areas are of particular concern as the noise generated by 
constructing these offshore wind farms has the potential to drive the harbour porpoises out of these areas.  
 
Overlapping the area of interest for harbour porpoises at Dogger Bank is also the UK Dogger Bank candidate (c) 
SAC designated for its sandbank habitat, the German Dogger Bank SAC designated for its sandbank habitat, harbour 
porpoises and common seals and the Dutch Dogger Bank SAC, designated for its sandbank habitat, harbour porpoise, 
grey seals and common seals. JNCC (2011) have noted that ‘the Dogger Bank region is an important location for the 
North Sea harbour porpoise population and as such they are included as a non-qualifying feature’. Overlapping both the 
area of interest for harbour porpoises and the cSAC is the Round 3 Zone where 8 of offshore wind farms are already 
being planned covering many thousand km2 between them. The construction of these sites in particular has the potential 
to not only negatively impact the harbour porpoises, but also to damage the sandbank habitat which is important for 
prey species as well as in its own right. 

In the critical habitat areas off the west coast of Scotland, and Anglesey, Pembrokeshire and the Lleyn Peninsula in 
Wales a number of MREDs are in various stages of development, all of which have a high potential to negatively impact 
harbour porpoises. A number are also being deing developed in areas of interest for harbour porpoises, such as in the 
Moray Firth, Scotland, where a wave power testing facility is in operation, testing devices such as buoyant moored 
devices; the mooring systems of chains and cables of these devices have the potential to entangle cetaceans.
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6.2 BOTTLENOSE DOLPHIN 
As with harbour porpoises there are a number of MREDs that are located in areas critical for bottlenose dolphins, in 
particular along the west coast of Scotland where wind, wave and tidal energy projects are proposed to be based (figure 
13). As this area has been identified as containing a small population of bottlenose dolphins (around 45 in total) and 
is important for biological behaviours, any impacts as a result of development activities, in particular from pile driving, 
increased boat traffic and collisions with tidal turbines, may be accentuated for this species in this region. 

Information on the critical habitat areas for bottlenose dolphins has led to the designation of MPAs in the form of the 
Moray Firth and Cardigan Bay SACs, where bottlenose dolphins are a ‘species that are a primary reason for selection of 
this site’ (JNCC, 2012). 

Of particular concern is the Moray Firth SAC in Scotland which supports the only known resident population of 
bottlenose dolphins in the North Sea. Although the identified critical habitat and the Moray Firth SAC covers just the 
inner Moray Firth, field research conducted by WDC, Aberdeen University and the Cetacean Research and Rescue Unit 
(CRRU) since 1997 of the outer Moray Firth show this area is also important to bottlenose dolphins as well as a number 
of other species including harbour porpoises. The southern Moray Firth has also been identified as a search location for 
minke whales as part of the Scottish MPA Project. Figure 14 shows the sightings gathered by WDC from 2005-2009 in 
the outer Moray Firth. 

As can be seen from the data gathered, this area of the Moray Firth is of great importance to bottlenose dolphins and a 
number of other cetacean species. The potential impacts of individual and the cumulative impacts of all proposed marine 
renewable developments (such as the planned extension to the Beatrice offshore wind farm) in the Moray Firth, and 
along the east coast of Scotland, including the Firth of Forth, alongside the continuing oil expansion at Beatrice Oil field 
are of great concern, especially for the vulnerable population of bottlenose dolphins.
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6.3 OTHER CETACEANS
The	UK	Round	3	zones	highlighted	above	(Moray	Firth	and	Dogger	Bank)	are	those	that	are	of	immediate	concern	as	
these are areas identified as being of critical habitat. And areas of interest, for cetaceans, particularly harbour porpoises 
and bottlenose dolphins, which currently are the only two species given site-related protection in the EU under Annex II 
of the Habitats Directive, requiring that Special Areas of Conservation (SAC) be established for their protection (Green 
et al, 2012). However there are other areas around the UK where MREDs are located in critical habitat areas for other 
cetacean species, including white-beaked dolphin, short-beaked common dolphin, minke whale, killer whale and Risso’s 
dolphin (figure 15).  

Some areas are critical habitat for more than one species, here MREDs have a greater potential to have a significant 
impact on a number of species. The Dogger Bank has also been identified as a critical habitat for minke whales and 
white-beaked dolphin; the Moray Firth is critical habitat for minke whales and white-beaked dolphins also. 

The southern Moray Firth and the west coast of Scotland have been identified as critical habitat for minke whales where 
large scale offshore wind projects are proposed. These areas have been identified as containing critical habitat as part of 
the Scottish MPA Project and are important for biological behaviours. Any impacts as a result of development activities, 
in particular from pile driving and increased boat traffic, may be accentuated for this species in this region. 

Tidal developments are usually placed in estuaries, headlands, between islands, or where there are powerful, fast 
currents. Due to their coastal locations in productive areas these may coincide with critical cetacean habitat. For example 
Ramsay sound off the coast of Pembrokeshire in Wales is an area that has been identified as critical habitat for three 
species, harbour porpoise, bottlenose dolphin and Risso’s dolphin. Here, a tidal stream demonstration site was approved 
in	2008	using	horizontal	axis	turbines.	

Information on critical and protected areas for cetaceans outside the UK has been hard to obtain. However the findings 
around the UK coast will be mirrored in many other countries with similar overlaps of critical habitat areas for various 
species of cetaceans and MREDs arising to similar concerns and warranting detailed investigation of potential for a 
higher level of impacts. 
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7. CONSIDERATION OF CETACEANS IN ENVIRONMENTAL ASSESSMENTS 
A critical element in the development stages of any MRED is the assessment of the potential impacts of the development 
on the marine environment. This procedure should ensure that the environmental implications of decisions are 
adequately taken into account before the decisions are made, and allow for any necessary management and mitigation 
measures to be undertaken. Wilson et al. (2010) state that an environmental impact assessment should consist of ‘what 
is the effect of this activity, at this place, at this time, carried out in this way, and how do we mitigate or compensate for 
any effect identified’. 

Within the European Union, where the vast majority of developments are being undertaken, environmental assessments 
must be undertaken for public plans or programmes on the basis of the Strategic Environmental Assessment (SEA) 
Directive 2001/42/EC; or for individual projects, such as a dam, motorway, airport or factory, on the basis of the 
Environmental Impact Assessment (EIA) Directive 85/337/EEC, as amended8. For the most part, a SEA is conducted 
before a corresponding EIA is undertaken (European Commission, 2012). 

Marine developments for which an EIA is mandatory are listed under Annex I of the EIA Directive; while those listed 
under Annex II of the EIA Directive may require an EIA if it is concluded that the project ‘will exceed certain limits or 
thresholds’	(MMO,	2011).	Such	considerations	include	factors	such	as	its	size,	nature	and/or	location.		

Currently no marine renewable developments are specifically listed in Annex I of the EIA Directive, but fall under 
‘Industrial installations for the production of electricity, steam and hot water’ in Annex II (European Commission website, 
2012). For projects listed in Annex II, the national authorities have to decide whether an EIA is needed. This is done by 
the ‘screening procedure’, which determines the effects of projects on the basis of thresholds/criteria or a case by case 
examination. However, the national authorities must take into account the criteria laid down in Annex III of the Directive.   

7.1 REGIONAL APPROACHES  
In the UK, the Marine Works EIA (Amendment) Regulations 2011 (MWRs) incorporate the EIA Directive into UK law 
referring to Annex I and Annex II of the European Council Directive on EIA (85/337/EEC, as amended). 

The Crown Estate is responsible for seabed management in the UK. In Scotland the devolved Government is responsible 
for marine licensing in their areas. However, under the devolution arrangements certain matters remain reserved to the 
UK Government (Scottish Government, 2012). 
 
In England and Wales, the Marine Management Organisation (MMO) is the primary marine planning authority and 
regulator of activities. The MMO has produced guidance on the EIA, and ‘ensure that applications are subject to EIA 
where necessary’ (MMO, 2011). Exceptions to its licensing powers include ‘nationally significant’ infrastructure projects; 
this includes MREDs over 100 MW (DEFRA, 2009), which equate to a significant number of wind farms in various stages 
of development.  

Projects over 100 MW are considered by the Planning Inspectorate which will make recommendations to the Secretary 
of State for Energy and Climate Change. 

For the Welsh inshore region, applications for Marine Licences and wildlife licences for European Protected Species in 
respect of renewable energy installations are made to Natural Resources Wales (DEFRA, 2012). 

Within Scotland, the Scottish Government has jurisdiction over marine planning under the Marine (Scotland) Act 2010 
with responsibility for developing and implementing the new marine planning system throughout Scottish waters 
(Dolman and Simmonds, 2012). Marine Scotland has produced guidance for developers and undertakes licensing and 
consenting for MREDs. 

8 - The EIA Directive of 1985 has been amended three times, in 1997, in 2003 and in 2009 details of which can be found on the 
European Commission website at http://ec.europa.eu/environment/eia/eia-legalcontext.htm 
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In addition (in Scotland at least), renewables developers are using a ‘Rochdale Approach’ to progress their EIAs, where 
often the specific design technology and even the number of devices is not known at the time of submission for consent. 
This makes it particularly difficult to adequately assess environmental impacts, and subsequent required management 
and mitigation measures. This approach is far from satisfactory and all efforts should be made to make the approach as 
realistic as possible to enable stakeholders to provide meaningful responses to public consultations.  

Through the EU and transposition of the EU Habitats Directive, the Habitat Regulations require that an Appropriate 
Assessment (AA) is carried out on  any development that has the potential to affect a Natura 2000 (European) site, no 
matter how far away from the site(s) it is situated. These assessments focus solely on the qualifying interests of the 
Natura site affected and consider any impacts on the conservation objectives of the site (SNH, 2012). A development will 
not be approved if the AA concludes that it will adversely affect the integrity of a Natura site. 

The Habitats Directive requires that in the European Union marine mammal populations are maintained at, or restored 
to a favourable conservation status and impacts need to be monitored to ensure they are not having a negative affect 
(JNCC, 2012). European Protected Species (EPS) also warrant a high level of protection from disturbance and as 
such, developers of marine renewable energy will need to undertake an EIA. In some cases an EPS license may be an 
additional requirement. 

However the screening procedure, guidelines, thresholds and mitigation measures for an impact assessment differ 
considerably from country to country. For example, Germany always requires baseline data to be collected during 
the EIA, whereas most other countries will only collect new data if other relevant data is deemed not available (ICES 
WGMME, 2010).  

As cetaceans are highly mobile species, the UK requires historical data of up to five years before a species can be 
assumed to use a site regularly (IEEM, 2006) and at that point further research will be conducted if required. As 
information on cetacean populations is limited, it would be inaccurate to assume an area is not used by cetaceans 
and therefore there would be no adverse effects. Also as information on critical habitats are limited and the impacts 
of MREDs largely unknown, it is very difficult to make an accurate assessment of habitat use in some areas, let alone 
impacts and appropriate mitigation measures. Yet five years of baseline monitoring has not been required of any 
renewable developer to inform the EIA and subsequent consenting process, despite the patchy data that exists. 

Where adverse effects are identified, the potential for these to be ‘significant’ is considered based on available 
scientific evidence, guidelines or, where scientific evidence does not exist, further research may be required. All 
potentially significant effects from the environmental impact assessment are summarised for consideration within the 
Environmental Statement (ES). The ES will then assess the impacts in close detail and identify the mitigation measures 
that will be applied to reduce these impacts to an acceptable level. 

The House of Commons Energy and Climate Change Committee (2012) have found that ‘marine licensing authorities 
have taken different approaches to monitoring requirements in different parts in the UK. In some places a stringent 
‘precautionary’ approach has been taken while others have set a more flexible ‘deploy and monitor’ type of requirement’. 
The favourable approach is to monitor a site and take a precautionary approach rather than the latter which may result in 
irreversible damage being done to the marine environment.  

German legislation states that ‘a permit for offshore installations, such as offshore wind farms, has to be granted 
unless it is demonstrated to, among other things, pose a threat to the marine environment’ (IWC, 2012). Whilst in other 
European countries this legislation does not currently exist, governments are strongly encouraging renewable energy 
projects in order to meet the EU’s 2020 energy target. 

A two year research programme is undertaken which informs the EIA and must also consider the German Nature 
Conservation Act in which it is prohibited to affect species in a way that will impair the conservation status of local 
populations. There has been some consensus that temporary threshold shift is categorised as injury in the sense of law, 
and therefore, due to the known impacts of pile driving on harbour porpoises, developers are required to apply noise 
mitigations to reduce noise levels to below 160 dB (SEL) or 190 dB (SPL) at distances greater than 750 m to the piling 
site (IWC, 2012).  
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In Belgium each project consists of a mandatory monitoring programme to mitigate or halt any activities in case of 
‘extreme danger to the ecosystem’ (IWC, 2012). The results of these surveys are used to inform policy management and 
design of offshore wind farms. 

Outside of the EU, most developments are still at various stages of planning and development, therefore guidelines on 
the impact assessments of these developments are not as well defined. Santora et al. (2004) note that the legal and 
regulatory issues surrounding the renewable energy industry in the US are not straight-forward, the National Marine 
Fisheries Service (NMFS) provide information through the Bureau of Ocean Energy Management (BOEM) to assist 
developers in minimising and reducing conflicts in the siting process of MREDs and addressing their potential impacts 
on marine life (IWC, 2012).  

7.2 WEAKNESSES
Assessments of the impacts of MREDs on cetaceans and the wider marine environment are currently based on very 
limited knowledge. The limited understanding of the effects of renewable energy devices on cetaceans and the marine 
environment results in a lack of information available for environmental consenting, which in turn affects the decision 
making process and ultimately our ability to meet legislated conservation requirements. Even with the noise mitigation 
measures required for MRED developments in Germany, it can still be expected that there will be disturbances of 
harbour porpoises with a 10 km radius of the site (IWC, 2012). 

Because of this lack of data, developers may only discover that an area is environmentally sensitive late in the 
development process, leading to costly changes in plans, unwieldy environmental constraints or delays. Identifying 
potentially sensitive areas in advance of leasing rounds would avoid this risk (House of Commons Energy and Climate 
Change Committee, 2012).

Data on marine wildlife is not currently held centrally in one place. Therefore the developers need to contact various 
organisations, including those in neighbouring countries that may be affected by the development, to acquire the data to 
base a reliable decision upon the extent of impact on cetaceans.  

As the data are limited and take time to obtain, it is highly unlikely that currently any decisions on the importance of an 
area for cetaceans are based on reliable information. This could result in assumptions that an area is not important for 
cetaceans and therefore they would not be considered during the assessment process. However, there is the possibility 
that further research could be undertaken to assess the effects of the proposed developments on cetaceans.  

Correctly undertaken, the research should highlight any potential impacts which will not only allow appropriate and 
effective mitigation measures to be undertaken, but also assist with future decision making.  

7.3 RECOMMENDATIONS FOR IMPROVEMENTS 
Impact assessments are currently geared towards land development. Marine development is very different with wider 
ranging consequences (such as noise carrying over large distances) with the potential to impact a wide number of 
species	far	beyond	the	zone	of	development.	As	a	result,	cumulative	assessments	are	a	critical	component	of	EIAs	and	
much more effort is required to ensure that these are adequate and all associated cumulative impacts are fully explored. 

For developments that are being carried out at sea, the EIA process should include effects not just in the area to be 
developed, but also the potential impacts outside the area, as well as fully assessing cumulative impacts. Taking this into 
consideration in the early stages of the planning, and at a strategic level can then be used to guide mitigation.  

The recent International Whaling Commission (IWC) workshop (IWC, 2012) recommended that impact assessments 
should be undertaken at two levels; 1 – the local/ regional scale by the developer, 2 – on a wider national/ international 
scale by the Government/ State. This is particularly important given that cetaceans, and areas critical for their survival, 
cross borders and cross-boundary impacts need to be considered where appropriate. 
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7.3.1 DEVELOPERS 
There is an urgent need for comprehensive baseline data from which the effects of MREDs on the marine environment 
can be understood and on which reliable assessments can then be made. In particular data on the noise produced and 
potential effects on marine species must be improved so that appropriate mitigation procedures can be developed. 

Where offshore wind farms are being developed, baseline studies must be undertaken in areas that are critical for 
cetaceans and surrounding areas due to the distance the noise of pile driving carries. Results need to be compared with 
other similar sites so that cetaceans are not driven from areas that are critical to their survival. The research needs to be 
robust and defendable. Analyses of long-term data sets and comparisons between the impact area and reference areas 
are needed when interpreting the possible effects of offshore wind farms (Lindeboom, 2011).   

All developers should collect their own baseline data, using scientists to ensure that the research design is adequate, to 
confirm that it is up-to-date and answers the appropriate questions for their development and for the region in which 
they are interested to develop. These surveys should take place well in advance of any proposed development, and last 
longer than 2 years which only gives a ‘snapshot’ of cetacean populations. 

Any data collected through these surveys should be used to inform the project design, rather than a project being 
designed and then assessed. The data should be made available in a timely fashion to enable this to inform an adaptive 
approach to management. 

Any impact assessment process needs to look at each stage of the process: construction, operation and decommission, 
rigorously. Pre-construction monitoring is required to establish robust and reliable baseline data, on which the impacts 
on cetaceans can be accurately assessed and appropriately mitigated. Sound baseline data is highly important to enable 
accurate assessments of any impacts on cetaceans and facilitate the design of impact assessments.   

Monitoring across the life of each project is key to identifying the impacts, and if those predicted to occur did so and to 
the extent to which they were anticipated. This will increase the knowledge base on the effect of MREDs on the marine 
environment, and feed into future EIAs enhancing their value and accuracy (Wilson et al., 2010). 

7.3.2 GOVERNMENTS 
The likely ecological consequences of a marine renewable energy development are going to be strongly affected by its 
location. For example, if it is being established in an otherwise pristine environment, or one which is regularly used by 
vulnerable or important wildlife populations, its impacts may be greater than at other locations. Identifying potentially 
sensitive areas in advance of leasing rounds would avoid this risk. This consideration, combined with the variety of 
devices now being developed, points to the need for a detailed case-by-case environmental impact assessment.  

The	SEA	that	was	undertaken	in	the	UK,	when	Round	3	offshore	wind	zones	were	selected,	only	looked	at	the	Round	
3 windfarm sites and did not consider tidal or waves devices, which are still being licensed on an ad hoc basis with 
no cumulative impact assessment. The government needs to ensure that robust SEAs are undertaken to ensure that 
areas important for wildlife populations are avoided and take into consideration all MREDs and the potential impacts on 
cetaceans. 

The RSPB suggested to the House of Commons Energy and Climate Committee an approach in which particularly 
sensitive sites were identified “up-front” through a systematic survey of marine wildlife and were then excluded from 
further development (under the EU Habitats Directive, marine renewables developments should not cause long-term or 
irreparable damage to existing sites or species of national or international environmental importance). Then a “deploy 
and monitor” approach could be used for developments in other areas (House of Commons Energy and Climate Change 
Committee, 2012). This approach would allow for important areas for marine wildlife to be known, and allow developers 
to concentrate on areas that can be developed and mitigate any potential effects in these areas. 

Decisions regarding MREDs should be based on appropriate populations and/or management units for the relevant 
marine mammal species, irrespective of national borders (ICES WGMME, 2010). All decisions should be made with a 
view to the broader environment and should be detailed enough to reflect the level of monitoring required.
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8. CONCLUSIONS AND RECOMMENDATIONS 
The number of MREDs continues to grow rapidly with a potential of 2335 % increase of sites being constructed in 
the oceans globally over the next few years. As governments around the world are increasingly investing in marine 
renewable energy technology to reduce greenhouse gas emissions, the number of sites being submitted and in early 
planning continues to grow as well.  

Offshore wind farms continue to be the favoured method of extracting energy out at sea, accounting for nearly 90 % of 
all MREDs, with larger turbines being developed to harness more energy.  

New wave and tidal energy devices are increasingly being developed and tested to extract energy from the oceans, 
with a number of testing facilities already in operation particularly around the UK, which is currently the world leader in 
the development of wave and tidal stream renewable energy generation (The House of Commons Energy and Climate 
Change Committee, 2012). 

These developments have the potential to reduce the effects of climate change on cetaceans. However, currently the 
impacts of these developments, on both cetaceans and critical habitat for cetaceans, are not well known. As a result, 
adequate baseline data, extensive planning and precaution must be taken into account when determining where to site 
these developments, and in understanding and assessing their potential impacts on the cetacean species that may be 
encountered, displaced or injured. 

Potential impacts on cetaceans range from collisions and entanglements to the effects of noise and disturbance, with 
pile driving being of particular concern due to the noise generated from the scale of development.  

As there has been limited research into the impacts on cetaceans, the evidence-base for potential short and long-
term impacts is currently poor, in particular for wave and tidal energy devices. As wave and tidal devices are new and 
there is limited data on the effect on cetaceans, it is difficult to know which locations would be the most sensitive to 
developments and which might be less affected (House of Commons Energy and Climate Change Committee, 2012). 

The House of Commons Energy and Climate Change Committee (2012), strongly states that the development of wave 
and tidal energy must not happen at the expense of marine biodiversity. Because of the lack of data about marine wildlife 
in UK waters, it is important that developers ensure all data requirements are met to prevent discovering that an area is 
environmentally sensitive late in the development process, potentially leading to costly delays or other changes in plans. 

MRED designers, developers and the consenting authorities need to consider the potential impacts on cetaceans 
for the entire life of the development from exploration, through construction and operation to maintenance and 
decommissioning, during all seasons of the year. The developments should be assessed on a case-by-case basis and 
require a staged approach with the impacts judged in combination with other renewables and activities of a similar type 
(oil, gas etc.) in the area to avoid simultaneous developments in an area over many years. 

8.1. RECOMMENDATIONS FOR DEVELOPERS

•	 WDC	recommends	that	until	the	impacts	of	MREDs	can	be	fully	assessed	and	found	to	be	benign,	further	
developments within, or that may affect, areas that have already been identified as critical, or in areas of 
interest for cetaceans are avoided.

•	 Establishing	adequate	baseline	data,	on	the	use	of	an	area	by	cetaceans,	before	planning	developments	is			
essential.  

•	 Baseline	data	on	the	use	of	an	area	by	cetaceans	must	be	collected	over	enough	years	to	account	for										
annual variation in densities of the species most likely to be encountered in the region where a development 
is planned. These surveys should take place well in advance of any proposed development, and last long 
enough to understand and assess density changes or other important questions required to monitor 
impacts to the animals in that area as a result of development.  

•	 The	potential	impacts	of	developments	on	marine	wildlife,	and	prey	species,	should	be	taken	into	account,	
from the point of conception. These impacts should be implicit in the design rather than further down the 
developmental line.  
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•	 Early	and	ongoing	engagement	with	stakeholders	will	minimise	misunderstandings	and	bring	key	concerns	to	
the fore.  

•	 Any	desk-based	studies	to	assess	the	theoretical	impacts	of	each	type	of	development	on	protected	species,	
including cetaceans, need to be ground-truthed with real data. 

•	 All	surveys	should	be	designed	and	implemented,	using	scientists	to	ensure	that	the	research	design	is	
robust, to confirm that it is up-to-date and answers the appropriate questions for their development and for 
the region in which they are interested in developing.   

•	 Surveys	need	to	cover	the	distance	over	which	impacts	are	likely	to	extend.	This	may	be	many	tens	of	km	for	
noise impacts.  

•	 Current	research	shows	that	pile	driving	has	the	potential	to	drive	harbour	porpoises	out	of	a	development	
area, and that the population may not return. In areas known to be important for harbour porpoises, and 
other coastal species, pile driving should be restricted or even prohibited. 

•	 Effective	methods	of	reducing	the	noise	created	during	pile	driving,	by	limiting	the	energy	radiated	by	noise	
threshold limitations (for example, the use of ‘soft-starts’, bubble curtains or piling sleeves) need to be 
developed at a strategic level.  

•	 As	pile	driving	is	of	particular	concern	for	many	cetacean	species,	alternative	foundation	types	need	to	be	
developed. 

•	 Only	tested	and	effective	mitigation	measures	should	be	relied	on	to	protect	marine	species.			
•	 There	is	clearly	a	requirement	for	more	site	specific	research	on	the	potential	impacts	of	MREDs,	noted	in	

sections 5.1 and 5.2, on harbour porpoises (where there has been limited research) and other cetacean 
species, their prey and habitats to help mitigate the impacts of MREDS on cetaceans. 

•	 Research	on	the	impacts	needs	to	cover	all	stages	of	the	lifetime	of	the	MRED	to	be	able	to	evaluate	the	
impacts on cetaceans, and therefore should run before, during and after construction, during operation, 
decommissioning as well as years after decommissioning to help assess the impacts on behaviour, intensity 
and effects of human uses other than offshore wind farm operation.  

•	 Monitoring	the	effects	of	a	development	across	the	life	of	each	project	is	key	to	identifying	the	impacts,	and	if	
those predicted to occur did so and to the extent to which they were anticipated.   

•	 For	new	devices,	extensive	research	into	the	impacts	on	cetaceans	needs	to	be	conducted	at	the	testing	
phase before wide scale deployment. More impacts could arise with the construction of larger turbines, 
arrays being deployed and new devices being developed.

•	 For	devices	that	are	already	operational,	or	have	been	approved	for	use,	the	impacts	on	cetaceans	and	
other marine wildlife need to be studied and accurately assessed to allow for any mitigation measures to be 
identified and implemented.  

•	 As	noise	is	of	particular	concern,	research	is	required	into	the	noise	impacts	preconstruction,	during	
construction, during operation and decommissioning as well as years after decommissioning to see the full 
impacts of MREDs on cetaceans. Focus should cover the effects on migrations and the success of breeding 
on each species. 

•	 Significantly	more	research	is	needed	to	determine	chronic,	cumulative	and	long	term	effects	of	impacts,	
in particular on noise generated. Particular attention should be paid to identifying the range of frequencies 
utilised by marine mammals and minimising the production noise within this frequency range (Inger et al., 
2009).  

•	 Long	term	effects	of	MREDs	are	not	yet	fully	understood.	Comprehensive	monitoring	to	detect	changes	
between pre-construction and post-operation stages requires a long term research programme and large 
coverage to take into account natural variability. This research has a time and effort implication but once 
sufficient	data	has	been	gathered	and	the	impacts	of	developments	are	understood,	it	is	likely	the	size	and	
scope of the research could be reduced.  

•	 Understanding	how	cetaceans	perceive,	and	interact	with	wave	and	tidal	energy	devices	is	important	to	
assess the risk of collisions, entanglement and habitat displacement etc. The likely results of encounters 
between cetaceans and underwater turbines need to be investigated as a priority.  

•	 Strandings	surveillance	should	be	undertaken	to	develop	a	baseline	from	which	an	understanding	of	any	
increases or anomalies in strandings rates due to impacts can follow.  

•	 Any	data	collected	through	surveys	should	be	made	available	in	a	timely	fashion	to	enable	an	adaptive	
approach to management. 
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•	 Impact	assessments	need	to	be	accurate	and	well-informed.	The	process	should	include	effects	not	just	
in the area to be developed, but also the potential impacts outside the area as well as fully assessing 
cumulative impacts.  

•	 A	site	specific	monitoring	plan	needs	to	be	a	key	component	of	consenting	conditions	to	inform	an	adaptive	
approach to management. These should be prepared for every development and informed by those with 
relevant expertise.   

8.2. RECOMMENDATIONS FOR GOVERMENTS 
•	 Comprehensive	research	needs	to	be	conducted	worldwide,	to	identify	areas	that	are	critical	to	cetaceans	

including information on population structure, status, distribution, migration routes, feeding and calving 
grounds. To obtain this data international collaboration will be essential. 

•	 Identifying	areas	of	interest,	and	critical	habitat	areas	for	cetaceans	in	advance	of	leasing	rounds	
would avoid the risk of developing MREDs in these potentially sensitive areas, and help ensure that the 
deployment of marine renewables will not threaten cetaceans. 

•	 Leasing	rounds	need	to	avoid	areas	that	are	known,	or	identified	as,	areas	that	are	important	for	cetaceans.	
•	 Until	data	gaps	are	filled,	a	precautionary	approach	is	required	in	decision	making.		
•	 In	the	EU	all	cetaceans	are	subject	to	‘strict	protection’	under	the	Habitas	Directive	which	must	be	clearly	

reflected in the decision making process. 
•	 There	is	the	need	for	robust	SEAs	that	are	fully	informed	by	comprehensive	data.
•	 Clear	guidelines	are	required	for	the	protection	of	marine	mammals	when	MREDs	are	being	planned.	
•	 There	needs	to	be	early	and	ongoing	engagement	with	stakeholders	to	minimise	misunderstandings	and	

bring key concerns to the fore. 
•	 To	ensure	that	all	relevant	stakeholders	are	included	in	the	consultation	process,	there	needs	to	be	a	central	

register where all interested parties are listed, who are then notified of plans for any marine renewable 
developments (as currently provided by Marine Scotland). 

•	 Strategic	planning	is	required	for	MRED’s	by	governments,	managers	and	stakeholders	which	need	to	
consider the trans-boundary nature of cetaceans (IWC, 2012). Lessons from other activities at sea that 
impact cetaceans, such as the oil and gas industry, can assist with approaches in MRED development. 

•	 Alternative	methods	to	pile	driving	need	to	be	developed	and	implemented	as	a	matter	of	urgency.			
•	 Until	such	a	time	as	that	alternatives	to	pile	driving	or	effective	quieting	techniques	are	employed,	

developments should be advanced outside of areas that are important for harbour porpoises and other 
coastal species – especially where populations are declining. 

•	 There	is	a	requirement	for	more	strategic	research	on	the	potential	impacts	of	MREDs,	noted	in	sections	5.1	
and 5.2, on harbour porpoises (where there has been limited research) and other cetacean species, their 
prey and habitats to help mitigate the impacts of MREDS on cetaceans. 

•	 Research	on	the	impacts	needs	to	cover	all	stages	of	the	lifetime	of	the	MREDs	to	be	able	to	evaluate	their	
impacts on cetaceans, and therefore should run before, during and after construction, during operation, 
decommissioning as well as years after decommissioning to help assess the impacts on behaviour, intensity 
and effects of human uses other than offshore wind farm operation.  

•	 At	least	until	the	key	potential	impacts	are	fully	understood	and	accounted	for,	large	scale	monitoring	
programmes are required. These monitoring programmes should run before, during and after construction, 
addressing the amounts and behaviour of vulnerable organisms, along with the intensity and effects of 
human uses other than MREDs.  

•	 Ensure	there	is	adequate	resourcing	to	strategically	monitor	long	term	impacts	that	may	result	from	
development of the MRED industry. 

•	 There	is	an	urgent	need	for	governments	to	ensure	expert	advice	is	undertaken	to	ensure	adequate	baseline	
surveys and impact studies are developed. 

•	 Nations	need	to	coordinate	their	activities	in	this	field,	especially	those	with	shared	marine	boundaries.	
•	 The	sharing	of	the	results	of	the	research	into	both	critical	habitat	areas	for,	and	the	impacts	of	MREDs	on	

cetaceans, is essential between nations. 
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•	 Analyses	of	long-term	data	sets	and	comparisons	between	the	impact	area	and	reference	areas	are	
needed when interpreting the possible effects of offshore wind farms (Lindeboom, 2011). To facilitate 
this, consenting departments of government should implement a system to allow the input, analysis and 
interpretation for an adaptive approach to be taken to decision making. 

•	 International	standards	for	impact	assessments	need	to	be	developed,	this	is	particularly	important	for	an	
industry that is dramatically expanding in some sea areas.  

•	 Only	tested	and	effective	mitigation	measures	should	be	relied	on	to	protect	marine	species.
•	 There	is	a	need	for	rapid	and	transparent	sharing	of	information	and	government	guidlines	on	adaptive	

management of the marine renewables industry. 
•	 A	transparent	government	strategy	is	required	to	ensure	that	consenting	conditions	consider	and	reflect	

these urgent requirements, including well planned and effective impact monitoring. This is the only way 
to overcome objections during the public consultation phase, due to lack of existing knowledge. 

•	 Consent	should	not	be	given	to	developments	that	have	not	taken	into	account	the	impact	on	marine	
wildlife. 

•	 Consent	should	not	be	given	to	developments	that	have	been	submitted	where	the	type	of	foundation	
has not been decided, as the full impacts on the marine environment cannot be known. 

•	 Where	management	units	do	not	currently	exists,	the	cumulative	effects	of	MREDs	need	to	be	
considered throughout the range of each species. 
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13. APPENDIX 4 – MAIN RECOMMENDATIONS FROM THE INTERNATIONAL WHALING COMMISSION 
RENEWABLES WORKSHOP 2012  
 
1. STRATEGY TO MINIMISE RISK 

Risks from both lethal and sub-lethal effects can be minimised via a series of actions: the collection, collation 
and analysis of appropriate baseline cetacean data and appropriate industrial data will allow the identification and 
quantification of threats and their potential implications for conservation objectives. All stakeholders need to be involved 
from the outset such that impacts from all factors are considered, ensuring that appropriate mitigation measures and 
associated monitoring programmes are developed. Suitable scientific evaluation and compliance mechanisms are 
needed to ensure that mitigation and monitoring are adequate. 

2. BROAD MANAGEMENT 

Governments, managers and other stakeholders need to co-operate in strategic planning for MREDs taking into 
account the trans-boundary nature of cetaceans. Uncertainties over the level of impacts require a staged approach 
to developments taking into account lessons learned from other developments and other human activities that affect 
cetaceans, in order to be adequately precautionary. 

3. “FUNDAMENTAL” RESEARCH 

International collaboration will be required to determine population structure, status, distribution and procedures for 
assessing impacts. The Committee can assist with design and evaluation of population and impact assessments. While 
there are established methods for assessing lethal takes, data on the effects of (sub-lethal) stressors on cetaceans are 
also needed. 

4. EVALUATION OF THREATS 

All lethal and non-lethal impacts of human activities should be considered in an integrated manner, e.g. using modelling 
approaches that take into account the cumulative impacts from all threats when evaluating whether conservation 
objectives are likely to be met. The Committee has considerable expertise in developing management frameworks and 
testing their performance against specified objectives. 

5. MONITORING 

Monitoring should be designed carefully, to assess impacts against pre-determined conservation objectives and to 
measure the efficacy of any mitigation measures that are implemented. 

6. DATA SHARING AND THE FUTURE ROLE OF THE IWC SCIENTIFIC COMMITTEE IN THE CONSIDERATION OF 
MREDS 

Improved information and data-sharing were identified as key, and the workshop encouraged the Committee to continue 
to act as a forum to review the development of MREDs and their implications for cetaceans, including promoting the 
sharing of data. Countries were encouraged to help in this by providing appropriate information. 
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