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This chapter of the Environmental Report brings together all of the information from the ‘Level 1’ 

Assessment (presented in Chapters C1 to C21) to inform the assessment of cumulative effects 

and to help estimate the amount of energy (in MW) that could potentially be exploited from the 

SEA study area, taking into account the potential environmental effects.   

 

D1.1 Chapter Structure    

        

This chapter comprises the following: 

 

Section D1: Introduction  

 

   

Section D2: Conclusions from the Level 1 Environmental Assessment (Chapters C1 to C21) 

 

- General project level environmental effects  

- Area specific environmental effects (based on development areas)   

 

 

Section D3: Energy Resource Assessment   

 

- Energy potential by development area  

- Energy potential by SEA Study Area   

 

 

Section D4: Cumulative Effects   

 

- Cumulative effects associated with wave and tidal power 

- Cumulative effects relating to other marine activities   

 

 

 

 

 

 

 

D1 Introduction  
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D2.1 Introduction  

 

The following chapter presents the main conclusions from Chapters C1 to C21, the Level 1 

Environmental Assessments.  The information included in this chapter is supported by Tables 

D2.4 to D2.12 which summarise, by development area, the key environmental effects (potential 

effects of moderate to major significance and unknown effects) identified in Chapters C1 to 

C21.  

 

D2.2 Level 1 Environmental Effects 

 

In total 21, topics were ‘assessed’ as part of the SEA.  These include:  
 

� Topics that would be affected by wave and tidal devices e.g. marine birds;   

� Topics that inform the assessment of the effect of wave and tidal devices on other topics e.g. 

noise and bathymetry; and   

� Topics such as decommissioning and onshore grid connection, that draw on the results of 

the assessment of the effects on other topics to inform the assessment of a key component 

of wave and tidal development.   
 
The SEA topics were grouped according to:  
 

� Those relating to the marine physical environment;  

� Those relating to the marine biological environment;   

� Those relating to the human environment; and  

� Other topics.     
 
 
The following provides a summary of the main conclusions from the assessment of the effects 
of wave and tidal devices on the marine environment.   These conclusions are based on the key 
effects (potential effects of moderate to major significance, and effects of unknown significance) 
and are presented in line with the different topic groups listed above.  
 

D2.2.1 Unknown Effects 
 
It is important to note that unknown effects were identified throughout the Level 1: Assessment. 
Unknown effects are effects where, due to limitations in the following it has not been possible to 
measure effect significance:  
   

� Existing data (e.g. baseline data)  

� Understanding of how devices and device arrays interact the with the marine environment  

� Understanding of how key receptors respond to marine devices and arrays 

 

Examples of the unknown effects identified during the Level 1 Assessment include:  

 

� Marine birds – habitat exclusion and species displacement due to data gaps in marine bird 

foraging and loafing habitats 

� Marine birds, fish and mammals – collision risk; there are gaps in understanding about how 

mobile species interact with marine devices   

� Marine birds, fish and mammals – effects of noise from operational devices due to limitations 

in the knowledge of the levels of noise expected to be generated by operational devices 

D2 Level 1 Assessment – Conclusions   



Faber Maunsell &Metoc   Environmental Report Section D: Energy Resource Assessment and Cumulative Effects 3 

ER_D1-D4_Resource Assessment and Cumulative Effects_ Final 

In addition to the effects that have actually been assigned an ‘unknown’ significance it is also 

important to note that due to data and knowledge gaps there may be ‘unknown’ factors which 

influence the effect significance that has been assigned to a particular impact.  For example, 

whilst the avoidance reactions of marine mammals to collision risks posed by rotating blades 

associated with operating tidal turbines is unknown, due to the likely “encounter rate” between 

marine mammals and operating turbines this impact has the potential to be of major 

significance. Therefore, the precautionary principal has been applied by assigning these effects 

as being of major potential significance, with a low level of confidence in the assessment.      

Where specific unknown effects have been identified, or unknown factors influence the potential 

significance of an effect, further surveying, monitoring and research studies are likely to be 

required prior to, or as part of, any marine energy developments.  Details of the surveys, 

research studies or monitoring that could be carried out to fill data and knowledge gaps are 

specified in the individual Level 1 chapters and are also discussed in Section E of the 

Environmental Report.           

 

D2.2.2 Effects on the Marine Physical Environment   
 
The main SEA topics in terms of the Marine Physical Environment include:  
 

� Chapter C1: Bathymetry  

� Chapter C2: Geology, seabed sediment and sediment transport  

� Chapter C3: Marine and coastal processes  

� Chapter C4: Sediment contamination and water quality  
 
 
Information presented in chapters C1: Bathymetry and C3: Marine and coastal processes was 
used to inform the assessment of the effects of marine devices on geology, seabed sediment 
and sediment transport (Chapter C2) and Chapter C4: Sediment contamination and water 
quality.   
 

D2.2.2.1 Geology, Seabed Sediment and Sediment Transport 
 
The key effects (potential effects of moderate to major significance) associated with geology, 
seabed sediment and sediment transport include:  
 

� Disturbance or damage to coastal Geological Sites of Special Scientific Interest (SSSI) and 

Geological Conservation Review (GCR) sites 

� Changes in sediment and coastal processes due to energy extraction 
 

 

Disturbance or damage to coastal geological sites  

The potential effects on coastal geological SSSI and GCR sites are most likely to occur during 

the installation of export cables and shoreline devices, as both involve the excavation of 

sediment and underlying bedrock.  Cable trenching activities or the installation of shoreline 

devices in areas designated as geological SSSIs and GCR sites could have a major 

significance effect on the integrity of these areas.  However, cable routeing studies and site 

selection surveys could be carried out to ensure that these sites are avoided.  This would 

reduce any potentially significant effects to negligible.   

 

Changes in sediment and coastal processes due to energy extraction  

A study was undertaken as part of this SEA looking at the effects that wave and tidal devices 

have on the energy associated with tidal currents and wave regimes, to review the existing 

knowledge relevant to determining how any reductions in this energy could affect marine and 

coastal processes.  The conclusions from this study (which are presented in Chapter C3) 

informed the assessment of effects on seabed sediment and sediment transport discussed in 

Chapter C2.   
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The main conclusions were that wave and tidal devices could potentially have moderate to 

major significant effects on coastal processes, particularly in areas with high levels of erosion, 

accretion and long-shore drift.  However, it is important to note the timescales of which these 

changes may occur (medium to very long-term), the extent of the change (slight to large), the 

potential for effects to be reduced through careful site design, and the fact that these are only 

based on a limited number of previous studies, and further research is needed to better 

understand this issue.   

The assessment (presented in Chapter C2) concludes that any potential significant effects of 

energy extraction on coastal processes could be prevented or minimised by avoiding siting 

devices where they could affect important sediment transport pathways.  Coastal processes 

modelling may be required as part of the site selection process to determine exactly which 

areas would be most sensitive to a possible reduction in energy from tidal flows or the wave 

regime.      

 

D2.2.2.2 Sediment Contamination and Water Quality 
 
The key effects associated with seabed contamination and water quality include: 
 

� Accidental contamination from devices and vessels as a result of collision or storm damage 

� Disturbance of contaminated sediments during device installation  
 

Accidental contamination from devices and vessels as a result of collision or storm damage   

There is potential that the failure of a device or part of a device could result in the accidental 

spillage or leakage of potentially polluting substances e.g. hydraulic fluids, lubricating oils, 

cleaning fluids, paints, or toxic substances.  Spillages or leakages can also occur from vessels 

that have either collided with devices or with other vessels. The effect on water quality depends 

on the quantity of potentially polluting substances released, the type of substance e.g. whether 

it is toxic or non-toxic, soluble or insoluble, and the sensitivity of receptors to the substance.          

In terms of water quality, the accidental spillage or leakage of pollutants from devices and 

vessel collisions is considered to be potentially of major significance if it occurred, however the 

likelihood of occurrence is low.  In addition, there is potential for leakage or spillage of 

antifouling compounds or hydrocarbons (slick forming insoluble oils) to have moderate to major 

significant impacts in areas where there are designated shellfish waters and bathing waters.  

Contamination effects on marine wildlife specifically have been assessed in the relevant 

sections.  

Key areas for shellfish waters include: north and west Shetland, east Orkney, north west coast 

of Skye and west coast of Mull (Inner Isles) and the sea lochs and sheltered bays along the 

west coast of mainland Scotland.   Main areas for bathing waters include the Firth of Clyde and 

Machrihanish Bay, Kintyre (Argyll and Bute), Sound of Sleat on the west coast of Scotland, and 

Dunnet Bay (Pentland Firth).  There are also a couple of sites in the Solway Firth.  

By designing devices to minimise the risk of failure and to incorporate contingency measures to 

deal with device/component failures should they arise, the potential effects of contamination on 

water quality will be minimised.  The mitigation measures that could be applied to reduce or 

prevent contamination from vessel collisions are outlined in section D2.2.5.2 and Chapter C15 

Shipping and Navigation.  

 

Disturbance of contaminated sediments   

The SEA study area contains a number of areas of potentially contaminated sediment.  These 

include disposal sites (sand, silt, gravel and rock, fish wastes and sludge), munitions 

contamination sites (weapons ranges and munitions dumps) and possible mine fields.  Activities 

associated with the installation of devices and cable trenching can lead to the disturbance of the 

sediment in the potentially contaminated areas.  The effect of the disturbance depends upon 

the levels of contamination in the sediment and the sensitivity of the likely receptors.   
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The majority of disposal sites within the study area contain silt, sand, rock and gravel.  Given 

that these are generally inert, non-toxic, non hazardous materials, any potential contamination 

or pollution from the disturbance of the sediments within these areas will be minor.  There are 

two former fish waste disposal sites within the SEA study area, Stromness B and Stromness C 

on south coast of Orkney. There was also a sludge disposal site (Garroch Head) in the Firth of 

Clyde which was closed in 1998.  Disturbance of sediment within the latter area could have 

major significant effects in terms of water contamination.     

Potential major significant effects may also occur as a result of disturbance of munitions 

contamination sites.    

The Level 1 Assessment identified that most of the areas of potential contamination (disposal 

sites and munitions dumps) have restricted access.  This precludes any development occurring 

in these areas.   Therefore, although the disturbance of these contaminated areas during device 

installation and cable trenching could potentially have major significant effects on water quality 

and other receptors, the need to avoid these areas reduces any potential effects to negligible.  

 

D2.2.3 Marine Biological Environment:   
 
The main SEA topics in terms of the Marine Physical Environment include:  
 
� Chapter C5: Protected sites and species  
� Chapter C6: Benthic and intertidal ecology  
� Chapter C7: Fish and shellfish  
� Chapter C8: Birds  
� Chapter C9: Marine mammals  
 
Chapter C5: Protected sites and species contains details of all protected sites and species that 
are present in the SEA Study Area.  However, it does not include a detailed assessment of the 
effects of wave and tidal devices on these protected sites and species as these are addressed 
in the subsequent chapters (C6 to C9).           
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D2.2.4 Key Effects Associated with Marine Biological Environment Topics 
 
There are a number of key effects (potential effects of moderate to major, or unknown 
significance) that could potentially occur across all, or a number of the main marine biological 
environment topics (benthic and intertidal ecology, fish and shellfish, marine birds and marine 
mammals).   These are summarised in Table D2.1.  
 

Table D2.1: Key Effects Associated with Marine Biological Environment Topics 

Key Effect 
 
(Effect of Potential Moderate to Major 
Significance) 
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Physical disturbance during device installation   ���� ���� ���� 

Noise during installation and device operation   ���� ���� ���� 

Increased suspended sediment/turbidity from 
seabed disturbance during device installation    ���� ����   

Smothering from seabed disturbance during 
device installation  ���� ����   

Changes in tidal flow and wave regime  ����    

Risk of collision with operating devices  ���� ���� ���� 

Accidental contamination from devices and 
vessels as a result of collision   ���� ���� ���� ���� 

Habitat exclusion   ���� ���� ���� 

Substratum loss ���� ����   

Barriers to movement    ����  ���� 

Mink predation    ����  

 

 

D2.2.4.1 Physical Disturbance   
 
The results of the Level 1 Assessment identified that the physical presence of vessels and 
equipment involved in the installation of marine devices could potentially disturb marine birds, 
mobile fish species and marine mammals.  Breeding bird colonies, breeding fish aggregations 
and breeding/moulting seal colonies have been identified as being most sensitive to this type of 
effect, as it can affect breeding success and the condition of the seals, fish and marine birds 
due to increased exertions of energy.   Seals in haul out sites and loafing and foraging birds are 
also at risk from these effects.   High levels of physical disturbance could potentially lead to the 
abandonment of particular breeding and haul out sites (in the case of seals) and marine bird 
breeding colonies and loafing and foraging habitat.  This could lead to increased pressure on 
habitats/breeding colonies in alternative locations.  
 
The results of the assessment have identified that there are opportunities to reduce the overall 
effect of physical disturbance on marine mammals (particularly seals) and marine birds.  These 
include:  
 

� Avoidance of sensitive sites  

� Avoidance of sensitive seasons e.g. breeding       

� Project specific studies  
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D2.2.4.2 Noise (during device installation and operation)   

 

The Level 1 Assessments identified that marine noise generated during the installation and 

operation of devices could have major significant effects on marine birds, marine mammals and 

fish.    The main potential sources of noise have been identified as activities associated with the 

installation of piled devices and the operation of devices with moving parts e.g. turbine blades 

located under the water.  Noise pulses generated during piling can potentially be detected by 

seals and cetaceans (whales, dolphins and porpoises) and by herring and cod at a distance of 

up to 80km.  Noise levels from operational devices are likely to be far lower than those 

generated during piling, but will occur over a much longer period of time.   

The main effects of noise on marine mammals range from general disturbance to disruptions in 

sonar signals used for navigation, prey detection and communications, to physiological effects 

(damage to internal organs).  The effects of noise on fish and marine birds are less well 

understood but could include physical disturbance, which could lead to species displacement, 

and physiological effects.  

As with physical disturbance, the Level 1 Assessment identified a range of measures that could 
be implemented to reduce the overall effect of marine noise on marine mammals, marine birds 
and fish.  These include:  
 

� Avoidance of sensitive sites  

� Avoidance of sensitive seasons for installation activities e.g. breeding    

� Use of marine mammal observers during installation       

� Project specific studies  

 

D2.2.4.3 Increased Suspended Sediment and Turbidity  

 

The Level 1 Assessment identified that seabed disturbance during device installation and cable 

trenching could lead to increased levels of suspended sediment/turbidity.  This could potentially 

have moderate to major significant effects on benthic and shellfish species in close proximity to 

the works that are sensitive to changes in local environmental conditions e.g. water clarity or 

the quantities of light that pass through the water column.   Changes in environmental 

conditions could affect the growth, productivity and possibly the abundance of key benthic and 

shellfish species.  

The Level 1 Assessment identified that most changes would be associated with the installation 

of the marine devices and cables, and therefore would be temporary to short term in nature. 

The assessment also identified that, due to the requirements for marine devices to be located in 

high energy environments, any sediment disturbed during the installation of devices and cables 

would be rapidly dispersed by strong tidal currents and high wave energy regimes. However, 

cables are likely to pass through a range of environments, including low energy environments, 

where suspended sediment would not be readily dispersed.  A number of the most sensitive 

benthic habitats and species and shellfish grounds are likely to be associated with these lower 

energy environments, increasing the potential for moderate to major significant effects to occur 

in these locations. 

The Level 1 Assessment, identified gaps in the data relating the known distribution of UKBAP 

benthic habitats and species and those protected under the Habitats Directive.  Further studies 

are therefore likely to be required at the project level to confirm whether these habitats and 

species are present in the proposed development area and along the cable routes.         

In addition to project level surveys, other forms of mitigation include:  

� Avoidance of sensitive sites (important benthic habitat and shellfish areas) 

� Use of devices that require less intrusive methods of attachment to the seabed e.g. clump 

weights and anchors  
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D2.2.4.4 Smothering  

 

Smothering occurs when the sediment disturbed during the installation of devices and cables 

resettles onto the seabed.  Smothering is most likely to affect species that occupy the seabed, 

including benthic habitats and species, shellfish and spawning ground of herrings and sandeels 

(benthic spawners).  The Level 1 Assessment identified that mobile species e.g. demersal fish 

(occupy the seabed) are unlikely to be affected by smothering.    

The SEA study area contains a number of key UKBAP benthic habitats and benthic habitats 
and species protected under the Habitats Directive including Modiolus modiolus beds (horse 

mussel) tidal rapids and maerl beds.  The study area also contains grounds for a number of key 
shellfish species including Nephrops (Norway lobster), king and queen scallop, mussels, velvet 

crab and common lobster.  Due to the presence of these species within the study area, and the 

presence of herring and sandeel spawning grounds, smothering could have potential effects of 

moderate to major significance.  

However, as identified above, marine devices are most likely to be located in high energy 

environments, where any sediment disturbed during installation activities is likely to be rapidly 

dispersed, and therefore levels of sedimentation in the immediate vicinity of the seabed 

disturbing works are likely to be minimal.  Cable routes may however pass through lower 

energy areas where the environmental conditions favour greater levels of sediment deposition, 

increasing the potential for smothering to occur as a result of cable trenching.     

As with suspended sediment, potential significant effects of smothering on benthic ecology and 

shellfish can be prevented or reduced through the implementation of appropriate mitigation 

measures:  

� Avoidance of sensitive sites  

� Use of devices that require less intrusive methods of attachment to the seabed e.g. clump 

weights, gravity bases and anchors   

� Further project level studies to confirm if sensitive benthic species and habitats and shellfish 

grounds are present in proposed development sites and along cable routes   

 

D2.2.4.5 Changes in Tidal Flow and Wave Regime  

 

Wave and tidal devices will extract energy from the natural tidal flows and wave regimes.  This 

could potentially have an effect on benthic ecology, particularly maerl beds, tidal rapids and 
Modiolus modiolus which rely on tidal flows and the movement of water through the wave 

regime to provide food and to export waste products, sediment, silt and possible polluting 

materials and substances.    

The assessment identified that avoidance of key benthic habitats through careful site selection 

could reduce the potential effects of energy extraction on benthic habitats.  However, the extent 

to which energy extraction will affect tidal flow and wave regimes in areas not within or adjacent 

to marine development is unknown.  Therefore, further research such as site specific modelling 

and monitoring of devices in operation is needed to better understand the potential significance 

of this impact, before appropriate mitigation can be identified.       

 

D2.2.4.6 Collision Risk  

 

A study carried out by the Scottish Association for Marine Sciences (SAMS) as part of this SEA 

identified that the risk of collision with devices (including mooring chains and cables) is a key 

consideration in terms of marine mammals.  Marine mammals are highly mobile underwater 

and have the capacity to avoid devices, providing that they are able to detect them and take 

appropriate avoidance action.  Key factors affecting the ability of marine mammals to avoid 

devices include detection failure, diving constraint, attraction, confusion, distraction, illogical 

behaviour, disease and life stage, size, season.  The character of the environment in which 

devices are located e.g. open water, sounds, sea loch, and high flow areas can also influence 

the likelihood of encounter and risk of collision.   
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The effects that may occur as a result of mammal interactions with devices can be expected to 

range from no effect, to the potential removal or injury of individuals, and, if rates are sufficiently 

high, to the decline in population numbers. 

In addition to marine mammals, marine birds (particularly divers and pursuit divers) and fish 
(particularly larger species e.g. basking sharks) and pelagic species are also at risk of collision 
with devices and their moorings.    The Level 1 Assessment and SAMS study identified that 
there is very limited information to inform assessment of the behavioural responses of marine 
wildlife to operating wave and tidal turbines, and therefore the likely magnitude and significance 
of this impact remains unknown. Measures that could be implemented to reduce the potential 
risk of marine mammals, marine birds and fish colliding with operational devices and mooring, 
and to improve understanding of this potential impact include:  
 

� Project specific studies to identify key feeding areas for birds and marine mammals 

� Project specific studies to improve understanding of how marine mammals, fish and marine 

birds respond to devices in the water – this will need to be informed by information obtained 

from the monitoring of devices that have already been deployed     

� Avoidance of waters around sensitive sites e.g. seals haul out sites and breeding colonies, 

bird breeding colonies 

� Increase the visibility of devices      

 

D2.2.4.7 Accidental Contamination from Devices and Vessel Collisions        

 

As identified previously there is potential that the failure of a device or part of a device could 

result in the accidental spillage or leakage of potentially polluting substances e.g. hydraulic 

fluids, lubricating oils, cleaning fluids, paints, antifouling compounds and toxic substances.  

Spillages or leakages can also occur from vessels that have either collided with devices or with 

other vessels. The effect on water quality depends on the quantity of potentially polluting 

substances released, the type of substance e.g. whether it is toxic or non-toxic, soluble or 

insoluble, and the sensitivity of the receptor to the substance.          

The accidental spillage or leakage of pollutants from devices and vessel collisions is considered 

to be of potentially of major significance if it occurred, however the likelihood of occurrence is 

low.  There is therefore potential for accidental leakage of hydrocarbons (slick forming insoluble 

oils) to have moderate to major significant effects on marine mammals, marine birds and 

shellfish and fish.  Marine birds, particularly auks and divers, have been identified as being 

highly sensitive to contamination from hydrocarbons.  Benthic habitats (maerl beds and 
Modiolus modiolus beds) and shellfish are also sensitive to contamination and reductions in 

water quality.      

The Level 1 Assessment identified that the potential effects of accidental contamination from 

device failures could be reduced by including contingency measures in the design of a device to 

minimise the levels of pollutants that would leak from a device should it or a key component of it 

fail.  Other measures include adherence to appropriate construction standards and regulations 

to minimise the risk of spillage of polluting substances during device installation.     

The risk of accidental spillage or leakage of hydrocarbons from vessels as a result of collision 

can be reduced through implementation of the following measures (these are discussed in more 

detail in subsection D2.2.5.2: Shipping and Navigation conclusion):  

� Avoidance of constrained areas or areas of high vessel densities  

� Making use of navigational aids, notices to mariners and adhering to appropriate safety 

regulations  

� Minimising the length of the installation period or the number of vessels and vessel 

movements  

� Use of seabed mounted devices (that occupy the water column beneath a ships hull/keel 

depths).  However, the clearance required above devices is yet to be determined.   
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D2.2.4.8 Habitat Exclusion  

 

The results of the Level 1 Assessment identified that the physical presence of marine devices 

could potentially lead to habitat exclusion.  This is particularly important for marine birds and 

mammals, where the presence of marine devices could lead to the exclusion of certain species 

from key foraging and loafing areas.  This could potentially lead to species displacement, 

increasing competitive pressure on habitats in other locations.         

Fish and shellfish are also sensitive to habitat exclusion.  There are two main types of fish, 

demersal species (these occupy the seabed) and pelagic species (occupy the main water 

column).   The potential for demersal fish species, shellfish and benthic spawners to be affected 

by habitat exclusion depends on the scale of seabed mountings (e.g. gravity bases, clump 

weights, anchors, piles).  The potential effect of habitat exclusion on pelagic fish species also 

depends on the position of submerged devices in the water column and the proportion of the 

water column occupied by the device.     

The Level 1 Assessment identified that there is limited information on the location of key loafing 

areas and foraging hotspots and on interactions between mobile species and operational 

devices.  As a result of this, and also, due to the vast number of variables associated with 

device types it was not possible to accurately determine the potential significance the effects of 

habitat exclusion on marine birds, fish and mammals.  

Although it was not possible to determine the significance of the potential effects of habitat     
exclusion on fish and shellfish and marine birds, the Level 1 Assessment was able to identify a 
number of measures that could be implemented to further understand the issue, and reduce the 
risk of any significant effects occurring.   These include:  
 

� Project specific studies to provide more detailed information on distribution and abundance, 

and identify key foraging hotspots and loafing areas for marine birds, fish and mammals  

� Project specific studies to improve understanding of how marine mammals, birds and fish 

interact with wave and tidal devices - this will need to be informed by information obtained 

from the monitoring of devices that have already been deployed     

� Avoidance of waters around sensitive sites e.g. marine bird breeding colonies, shellfish 

grounds, demersal fish (including demersal spawners e.g. herring), and constrained 

waterways which may be used as transit routes for mobile species    

 

D2.2.4.9 Substratum Loss  

 

The Level 1 Assessment identified that shellfish, benthic spawners (herring and sandeels) and 

benthic habitats and species are susceptible to substratum loss (loss of an area of seabed).  

Substratum loss occurs as a result of mounting devices on the seabed.  The potential 

significance of this effect depends upon the overall footprint of an area (this affects the total 

area over which substratum loss will occur) and the sensitivity of the species affected to 

substratum loss.   In terms of this SEA all shellfish, demersal spawners (herring and sandeel) 

and benthic habitats and species have been identified as being sensitive to substratum loss.   

As discussed previously, the SEA has identified gaps in the data relating the distribution of 

UKBAP benthic habitats and species and those protected under the Habitats Directive.  Further 

survey is therefore likely to be required at the project level to confirm whether these habitats 

and species are present in potential development locations.   

In addition to addition project level surveys, potential mitigation measures include:  

� Avoidance of sensitive sites (important benthic and shellfish areas) 

� Use of devices that require less intrusive methods of attachment to the seabed e.g. clump 

weights, gravity bases and anchors  

 

 

 

 



Faber Maunsell &Metoc   Environmental Report Section D: Energy Resource Assessment and Cumulative Effects 11 

ER_D1-D4_Resource Assessment and Cumulative Effects_ Final 

D2.2.4.10 Barriers to Movement  

 

The Level 1 Assessment identified that device arrays could form barriers to the usual migration 

and transit patterns of marine mammals and mobile fish species. This could occur as a result of 

potential collision risk, aversive reactions to operation noise or perceptions of devices and 

associated infrastructure.  This effect is likely to be most significant in constrained areas (such 

as mouths of sea lochs) where loud noise sources may prevent transit, effectively trapping 

individuals. 

The Level 1 Assessment identified the following measures that could be implemented to reduce 

the potential risk of marine devices creating barriers to the movement of marine mammals and 

fish: 

� Avoid siting device arrays in constrained areas  

� Avoid siting device arrays along migratory routes 

 

D2.2.4.11 Mink Predation  

 

Mink predation of ground nesting birds, such as seabird colonies is considered to be a problem 

in Mainland Scotland and the Western Isles where minks are present.  Whilst they can swim to 

islands within 2 km of shore, they cannot reach those further offshore.  However, islands 

considerably further offshore can be accessed if there is a chain of islets running shoreward 

that are less than 2 km apart which the minks use as a haul-out for rest, and foraging.   

It has been suggested that arrays of devices with surface structures, could provide a substitute 

for islet chains and have the potential increase the risk of mink accessing the offshore islands of 

the region which currently do not contain mink populations (although they do not provide food, 

as real islets might).    

The key areas that have been identified as being most susceptible to this effect include the 

Treshnish Isles (Argyll and Bute) and Barra (Western Isles).  Should mink be able to colonise 

these areas and other offshore islands such as Orkney as a result of installation of wave and/or 

tidal renewable devices then this could potentially be a major significance effect, as mink 

predation could have significant effects on the important breeding bird colonies located in these 

areas.   

The Level 1 Assessment identified the following forms mitigation that could be implemented to 

prevent mink colonisations:  

� Select sites and array layouts to avoid the creation of inter-islet chain   

� In locations where devices and arrays could form inter-islet chains ensure devices that not 

have platforms, or similar structures, at sea level that the mink could rest on   

 

D2.2.5 Human Environment 

 

The main SEA topics in terms of the Human Environment include:  
 

� Chapter C10: Commercial fisheries and mariculture   

� Chapter C11: Marine and coastal historic environment     

� Chapter C12: Cables and pipelines 

� Chapter C13: Military exercise areas  

� Chapter C14: Disposal areas  

� Chapter C15: Shipping and navigation  

� Chapter C16: Recreation and tourism  

� Chapter C19: Seascape  

 

The Level 1 Assessment identified that, in terms of the human environment, there are two types 

of receptor, those that could potentially be affected by wave and tidal devices and those that 

form a ‘physical constraint’ to development.   These physical constraints are discussed below.  
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D2.2.5.1 Physical Constraints 

 

A number of the SEA human environment topics contain receptors that comprise a ‘physical 

constraint’.  A physical constraint has been defined as an existing site or features that would 

preclude development/necessitate avoidance.  The physical constraints in the SEA study area 

are listed in Table D2.2 below.   

 

Table D2.2: Physical Constraints  

SEA Chapter  SEA Topic Physical Constraint  

Chapter C10 Commercial fisheries and mariculture   
� Shellfish farms (Mariculture)  
� Fin fish farms (Mariculture) 

Chapter C11 Marine and coastal historic environment     
� Protected Wrecks  
� Other Wrecks  

Chapter C12 Cables and pipelines 
� Cables  
� Pipelines  

Chapter C13 Military exercise areas 

� Munitions contamination sites 
� MOD firing ranges 
� MOD danger areas 
� MOD byelaw areas 

Chapter C14 Disposal areas � Disposal sites 

Chapter C15 Shipping and navigation � Shipping routes * 

*Note:  the shipping routes (which are based on AIS data collected for this project) do not represent a physical 
constraint per se, however the shipping is a key sea use in the study area and there is potential for major significant 
effects upon shipping and therefore it is included in the maps to give an indication of the level of constraint it presents. 
 

The Level 1 Assessments identified that any direct disturbance or damage to these physical 

constraints could have major significant effects.  However, the levels of protection afforded to 

these sites and features, represented as exclusion or avoidance zones for some of the physical 

constraints (see relevant Section C Chapters for details) and areas of restricted access (e.g. 

MOD byelaw areas), requires that, in accordance with recognised industry good practice these 

areas and features are avoided.  Given that development is unlikely to be permitted if it 

interferes adversely with an existing development, the likely residual effects will be of negligible 

to minor significance.   

 

D2.2.6 Key Effects on Human Environment  

 

The following section looks at the key effects on the remaining SEA human environment topics 

containing receptors that could potentially be affected by wave and tidal devices:  

� Chapter C10: Commercial fisheries and mariculture   

� Chapter C15: Shipping and navigation  

� Chapter C16: Recreation and tourism  

� Chapter C19: Seascape  

  

D2.2.6.1 Commercial Fisheries and Mariculture 
 
The key effects (moderate, major and unknown) associated with commercial fisheries and 
mariculture include: 
 

� Direct disturbance of fishing grounds during installation of devices and cable trenching  

� Temporary and long-term displacement from traditional fishing grounds  

� Smothering from seabed disturbance during device installation and cable trenching  

� Accidental contamination from device failure and vessels as a result of collision  

� Substratum loss – caused by the attachment of devices to the seabed 
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Direct Disturbance of Fishing Grounds 

There is potential that activities associated with the installation of seabed mounted devices and 

export cables could lead to the physical disturbance of fishing grounds.  This is most likely to 

affect shellfish grounds, as fish are more mobile and will be able to move away from any areas 

of disturbance.  The SEA study area contains a number of key commercial shellfish grounds 
including Nephrops (Norway lobster), king and queen scallop, mussels, crab, common lobster 

and whelk.  Due to the presence of these commercial fishing grounds within the study area the 

potential effects of direct disturbance could be of moderate to major significance.   

The Level 1 Assessment has also identified that debris and rough ground created during the 

installation of seabed mounted devices and cables could cause direct damage to fine fishing 

gear e.g. gill nets. This could potentially have a major significant effect on commercial fisheries.        

The results of the assessment have identified that there are opportunities to reduce the overall 
effect of direct disturbance on commercial fishing grounds.  These include:  
 

� Avoidance of key commercial fishing grounds (in siting of device arrays and along cable 

routes)    

� Use of devices that use less intrusive methods of attachment to the seabed e.g. anchors and 

clump weights 

 

 
Temporary and Long Term Displacement from Traditional Fishing Grounds 

 

The presence of vessels and equipment during the installation of marine devices could lead to a 

temporary displacement of fishermen from traditional fishing grounds.  This could lead to further 

long term displacement once the devices are fully operational due to the need for fishermen to 

have access to all sections of the water column (from the surface for vessels to the seabed for 

nets).   

Inshore fishing grounds tend to be more constrained than offshore fishing grounds.  The Level 1 

Assessment has identified that the effects of temporary to long term displacement of fishing 

grounds are likely to be more significant in constrained inshore waters where fishing grounds 

are smaller, and therefore competitive pressures for productive and exploitable fishing grounds 

are higher.   The results of the assessment also identified that the presence of export cables on 

the seabed could potentially lead to the long term displacement of offshore bottom trawl and 

dredge fisheries.   

The main inshore fishing grounds in the SEA study area include common lobster, crab, whelk, 
haddock, herring and Nephrops (Norway lobster).  Some cod is also caught inshore.  The key 

bottom trawl fisheries include haddock, whiting, cod and monkfish.  King scallops are exploited 

by mechanical dredging gear.  Due to the presence of these key commercial fishing grounds 

within the SEA study area, the potential effects of temporary to long term displacement of 

fishing grounds could be of moderate to major significance.       

The results of the assessment have identified that there are opportunities to reduce the overall 
effect of temporary to long term displacement from commercial fishing grounds.  These include:  
 

� Avoidance of key commercial fishing grounds in siting of device arrays and along cable 

routes (fin fish and shellfish)    

� Install devices outside the main fishing season where possible – depending on weather and 

season lengths (e.g. for some fish a season may be two months, for others it may be 5 

months)   

 

Noise Impacts on Finfish Farms  

Cod have been identified as being highly sensitive to marine noise, and may be able to detect 

pile driving pulses at distances of up to 80 km in some situations. It is therefore anticipated that 

marine noise during installation could potentially adversely affect fish farms cultivating cod, 

causing major significance impacts. As it may not be feasible for marine renewable energy 

developments to employ mitigation measures to reduce installation noise impacts, residual 

impacts are also considered to be potentially major.  
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Experience from marine aquaculture suggests that under stress females can become “egg 

bound”, resulting in eggs not being released at the anticipated time, and can ultimately result in 

eggs being reabsorbed or the fish dying. However, further research would be required to 

determine distances at which cod would experience “stress” responses. 

It is also possible that marine noise has potential to impact on other species of cultivated fish.   

 

Key Effects on Mariculture  

The Level 1 Assessment identified the following key effects on mariculture (fin fish and shellfish 

farms):  

� Smothering from seabed disturbance during device installation and cable trenching  

� Accidental contamination from device failure and vessels as a result of collision  

� Substratum loss – caused by the attachment of devices to the seabed 

� Noise impacts on finfish farms  

 

Shellfish and fin fish farms have been identified as ‘physical constraints’.  Therefore there it is 

anticipated that developers of wave and tidal device arrays will avoid these areas.  Given that 

these areas are likely to be avoided the potential significant effects identified above will reduced 

to negligible to minor.  

 

D2.2.6.2 Shipping and Navigation    

 

The key effects (potential effects of moderate to major significance) associated with shipping 

and navigation include:  

� Increased shipping density  

� Decreased trade and supply  

� Reduced visibility  

� Collision risk  

� Increased journey times and distances 

 
 

Increased Shipping Density  

The Level 1 Assessment identified that the re-routeing of vessels to avoid safety zones (during 

device installation) and operational device arrays could lead to vessels being displaced causing 

an increase in vessel densities in constrained areas such as narrow channels.  This could lead 

to increased encounter rates and increased risk of collision, especially in spatially constrained 

waters.    

 

Reduced Visibility  

Vessels and other equipment used during the installation of devices and the presence of 

operational devices could obstruct views of other vessels and navigation features such as 

buoys, lights and the coastline.  This is particularly important in areas of high vessel densities, 

constrained channels or areas where there is particular dependence on visual navigation aids 

as reduced visibility increases the risk of collision with other ships and other structures in the 

water (natural and man made).   

 

Collision Risk  

Collision risk considers the risk of navigating vessels colliding with the vessels and equipment 

used during installation and the marine devices once operational.  Collision risk also considers 

the increased risk of collision between navigating vessels.  In both circumstances the risk of 

collision is increased in constrained channels, channels with high vessel densities and areas 

where there is reduced visibility due to the presence of installation vessels and equipment and 

operational devices.   



Faber Maunsell &Metoc   Environmental Report Section D: Energy Resource Assessment and Cumulative Effects 15 

ER_D1-D4_Resource Assessment and Cumulative Effects_ Final 

The key areas of high vessels densities in the SEA study area include:  

� Northern Isles – Fair Isle channel between Shetland and Orkney 

� Pentland Firth – recognised international sea lane  

� North Coast – Cape Wrath turning point for vessel travelling to and from the Atlantic  

� The Hebrides deep water route – between the Outer Isles and the Western Isles         

� The Minches – between Western Isles and Inner Isles  

� Waters around the Inner Isles – mainly fishing vessels and inter-island passenger ferries 

� North Channel – main shipping route between UK and Northern Ireland  

 

The Level 1 Assessment identified a number of mitigation measures that could be implemented 

to reduce the potential effects of wave and tidal device arrays on shipping and navigation:  

� Avoiding constrained areas  

� Avoiding areas of high vessel density  

� Making use of navigational aids, notices to mariners, and adhering to appropriate safety 

regulations  

� Minimising the duration of the installation period  

� Minimising the number of vessels used during installation and the number of vessel 

movements  

� Use of seabed mounted devices (that occupy the water column beneath a ships hull/keel 

depth.  However, the clearance required above devices is yet to be determined.           

   

Decreased Trade and Supply 

The presence of a device array on an access route to a port or harbour could create temporary 

(due to the presence of installation and maintenance vessels) to long term (presence of device 

array) reductions in access to ports and harbours.  This is particularly important in island 

locations which rely on boats for the export and import of goods and as a means of access to 

other islands and the mainland.  Reduced access to ports and harbours in these areas could 

significantly affect on local communities in terms of goods transport and accessibility.          

The main measures that could be implemented to minimise effects on trade and supply at ports 

and harbours were identified as:  

� Minimising the installation period  

� Ensuring site selection process takes into account the requirement for continued access to 

ports and harbours      

 

D2.2.6.3 Recreation and Tourism 

 

The key effects identified for recreation and tourism include:  

� Disturbance to wildlife recreation/tourism activities   

� Safety and collision risk to recreational sailing and water sports   

� Access restrictions to recreational sailing and water sports  

 

This part of the SEA considers the effects that wave and tidal devices could have on recreation 

and tourism activities.  For the purpose of this assessment a distinction was made between 
direct physical effects (e.g. exclusion from an area used for sailing) and indirect effects (e.g. 

how changes to seascape character may subsequently affect the popularity of tourism and 

recreation activities, such as walking and sight-seeing).  At this strategic level there are 

uncertainties associated with the latter issue as it deals with human responses to changes in 

environmental character.   

 

Disturbance to Wildlife  

Wildlife tours are a key component of the tourist industry that has developed around the marine 

environment.  These tours operate throughout the Northern Isles, Outer Isles, Western Isles 

and Inner Isles.  They are mainly focused on ‘watching’ marine mammals including seals, 

whales, dolphins and porpoises, although some tours also include marine birds.   
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The Level 1 Assessment identified that any disturbance or displacement of marine mammals 

and marine birds as a result of the deployment of wave and tidal devices could potentially have 

a knock on effect on the wildlife watching industry.  The wildlife watching industry tends to be 

based around a number of individuals or small company’s.  These operators are likely to be 

highly susceptible to changes in the wildlife watching industry, to the extent that the relocation 

of marine mammals and birds to alternative habitats elsewhere in the study area or beyond may 

affect the ability of an individual tour operator continuing business.   

See subsections D2.2.3.1 and D2.2.3.7 and the SEA assessment chapters C8: Marine Birds 

and C9: Marine Mammals for information on possible measures that could be implemented to 

reduce the potential effects of wave and tidal devices on wildlife and consequently the knock on 

effects on the wildlife watching industry.   

 

Safety and Collision Risk and Access Restrictions      

The Level 1 Assessment identified that, in addition to the main shipping vessels identified in the 

shipping and navigation assessment, waters within the study area are also used extensively by 

recreational sailors.  There is potential that vessels and equipment used during the installation 

of devices and the presence of operational devices may reduce the safety of recreational sailing 

areas and pose a potential risk in terms of collision.     

The Royal Yachting Association has identified that there are a number of ‘General Sailing 

Areas’ in the study area as well as cruising routes.  The General Sailing Areas include seas 

around Shetland and Orkney (except the exposed southeast coast); west coast of Mainland 

Scotland (including Inner Sound and Sound of Sleat); most of the sounds, lochs and firths off 

Argyll and Bute; Mull of Galloway; and Solway Firth.  The main cruising routes that have been 

identified as having medium to heavy use include: Pentland Firth; North Coast; St Kilda and the 

Western Isles (south coast); Inner Isles; North Channel (route to Ireland); and Solway Firth.  

In addition to potential reductions in safety and increased collision risk the presence of devices 

in the water may restrict or reduce access to key recreational sailing areas or other water sports 

areas.   

The assessment on Shipping and Navigation (sub-section D2.2.5.2 and Chapter C15) identifies 

a number of potential measures that could be implemented to improve navigational safety and 

reduce the risk of collision.  These measures can also be applied to reduce the potential effects 

on recreational sailors.   

 

D2.2.6.4 Seascape  

    

This part of the SEA considers the effects that wave and tidal devices could have on the 

seascape resource of the study area.  Seascape can be defined as ‘the coastal landscape and 

adjoining areas of open water, including views from land to sea, from sea to land and along the 

coastline’.    

The assessment of the potential effects on seascape involved the identification of the device 

characteristics that affect seascape and the identification of the different types of seascape that 

are present in the SEA study area and their sensitivity to marine devices.    

The results of the Level 1 Assessment identified that the devices that would affect seascape are 

those which have parts that are on or above the surface of the sea.  For the SEA the following 

device characteristics were considered:  

� Linear’ devices e.g. long devices which are only a few meters above the surface   

� ‘Point’ structures e.g. structures which protrude over 10m above the surface 

� Submerged devices (which may require structures on the surface such as marker buoys) 

� Fixed coastal structures   
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The study carried out as part of the assessment of the effects of marine devices on seascape 

identified ten different types of seascape.  These include:  

1. Low coastal sands and flats  

2. High cliffs  

3. Sounds and narrows  

4. Inter-island associated with outer island chains  

5. Complex indented coastline with offshore islands  

6. Inner island coastland associated with firths  

7. Low lying agricultural coastal fringe  

8. Rugged coastal shelf and headlands with wide open views to sea 

9. Island, sounds and voes      

10. St Kilda  

 

Some of these seascape types identified are more sensitive to marine devices than others e.g. 

sounds and narrows are more sensitive to marine devices than high cliffs.  Low coastal sands 

and flats are considered to be the least sensitive type of seascape.  The sensitivities of the 

different types of seascape influence how significant the effect of the marine devices will be.   

The key potential effects on seascape were identified as:  

� For linear structures, with devices at 0-5km from the coastline, moderate to major effects 

may occur for all seascape types.  The further from the coast, the less the effect becomes, 

and beyond 10km the effects are typically minor.  

� For point structures, 8 out of the 10 seascape types are of high sensitivity to these types of 

device, with potential major or moderate effects occurring at 0-10km from coastline. 

Moderate effects may also occur at distances over 10km.    

� Submerged structures are likely to have negligible effects on seascape (although marker 

buoys and lighting may be required) 

� Fixed coastal structures may have moderate effects depending on their design and location 

� Adverse effect may result from the safety lights attached to devices   

    

The Level 1 Assessment identified a number of key measures that could be implemented to 

minimise the effects on seascape:  

� Maximising the distance of devices from shore 

� Reducing the height of devices above the surface 

� Reducing the area of sea occupied by the devices 

� Modifying the position and layout of devices to suit characteristics of the local seascape        

 

D2.2.7 Other Key Effects – General  

 

D2.2.7.1 Onshore Grid Connection  

 

As assessment of the potential effects of connecting wave and tidal energy projects to the 

national electricity grid, specifically, the effects of on-shore sub-stations and transmission lines, 

was undertaken as part of the Level 1 Assessment.  The primary aim of the SEA was to assess 

the effects of wave and tidal technologies in the marine and coastal environments but it was 

also recognised that any wave or tidal project will require additional on-shore infrastructure.  

There are significant limitations to the level of assessment that can be provided at this strategic 

level and it was not the purpose of this SEA to assess the capacity of the national grid in 

Scotland or opportunities for increasing this capacity. In terms of the grid and electricity 

transmission, the aim of the SEA was to identify the potential effects associated with the 

connection of marine and tidal devices to the national grid and to identify mitigation measures 

that can be employed to avoid or reduce adverse effects.  
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For the purpose of this assessment it was assumed that each array would require a separate 

connection to the grid. However, the location of infrastructure is not known and only generic 

effects, and not geographically specific effects, were considered.   It should also be noted that 

this assessment does not include an assessment of interconnector cables.  The effects of sub-

sea cables are considered in each of the assessment chapters.  Whist it is acknowledged that it 

is not accurate to draw direct comparisons between these and island interconnector cables, it 

does give an indication, at the strategic level, of the effects of interconnector cables.        

  

Key components of the grid connection   

The assessment of potential effects was based upon the following key components of onshore 

grid connections:  

 

� Substation – required for switching between marine cables and land cables or overhead 

lines.  These will tend to be located in coastal locations 

� Land cables – these may be used to link the substation to the existing grid network  

� Overhead transmission lines – these may be used to link the substation to the existing grid 

network.  Types of overhead line that may be used include:  

- 11kV or 33kV lines – supported on wooden poles  

- 132kV lines – supported on wooden ‘trident’ poles or metal lattice towers  

- 275kV or 400kV lines – supported on metal lattice towers  

 

Key potential effects associated with onshore grid connections 

The key potential effects associated with onshore gird connections were identified as:    

� Landscape and visual intrusion from substations and overhead lines  

� Habitat and species loss/disturbance during installation of cables and overhead lines and 

substation construction  

� Disturbance, damage or loss of archaeological remains and sites during installation of cables 

and overhead lines and substation construction  

 

Sensitive environmental features  

The assessment of the effects of onshore grid connections identified that the following were the 

most sensitive receptors:    

� Designated landscapes e.g. National Parks, National Scenic Areas (NSAs) 

� Key viewpoints 

� Local residents   

� Protected sites, habitats and species, e.g. SPAs, SACs and SSSIs   

� Scheduled Monuments, Listed Buildings and NMR sites   

 

Key measures to prevent adverse effects 

There are a number of measures that can be implemented to reduce or prevent the 

environmental effects associated with grid connections.  In accordance with good practice, a 

comprehensive route selection study is usually carried out to identify the route that would have 

least effects on the environment.  These routeing studies are usually carried out at a project 

level and a carried out in accordance with ‘Holford Rules’ best practice guidance on routeing 

overhead transmission lines; avoid sensitive sites and areas; provide screening (substations).   

The routeing studies may identify where there is a need for more detailed survey and field work 

to be carried out to enable a more detailed assessment of effects to be made and help design 

appropriate mitigation measures.  These surveys and field work may include:  

� Phase 1 habitat surveys and protected species surveys to inform the assessment effects on 

the key ecological features located along the route 

� Field surveys or geophysical surveys to identify if there are any areas of archaeological 

importance located along the route  

� Landscape and visual assessments – to aid sensitive route and substation site selection  
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D2.2.7.2 Decommissioning  

 

The Level 1 Assessment identified that, in general, the effects of decommissioning are similar 

to those that could potentially occur during the installation of the devices.  However, there is a 

notable exception which relates to the activities associated with the removal of seabed mounted 

devices (piled or gravity based devices).   

The main effects that could potentially occur during decommissioning include:  

� Physical disturbance of marine species and other marine users  

� Collision risk  

� Increased turbidity  

� Disturbance of contaminated sediments  

� Smothering  

� Species displacement  

 

A summary of these effects were discussed previously and details are provided in Chapters C1 

to C20.    

All of the potential effects listed above and marine noise are likely to be generated by the 

activities involved in the removal of seabed mounted devices.  One of the most significant of 

these potential effects is associated with the levels of noise that may be produced during the 

cutting, excavating, or possibly the use of explosives (although this method is deemed highly 

unlikely to be used) to remove seabed mounted devices.  The noise levels generated by these 

activities could have significant effects on marine mammals, seabirds and fish (see Chapters 

C7: Fish and Shellfish, C8: Marine Birds and C9: Marine Mammals for detailed assessment of 

the effects of marine noise).  As well as potentially disrupting foraging, breeding and social 

interaction, high level of marine noise could lead to the creation of ‘barriers to movement’ which 

may also affect migration routes and general transit around the study area during feeding.         

Details of the mitigation measures that could be implemented to reduce or prevent significant 

effects associated with decommissioning are presented in Chapter C21.    

 

D2.3 Area Specific Environmental Effects  

 

Table D2.3 below provides an overview of the key effects that could potentially occur in each of 

the SEA development areas.  The information in this table is based on the previous discussion 

and information presented in Appendix D2.1: Development Area Summary Tables.   

The development areas include:  

� Northern Isles (Orkney and Shetland) 

� Pentland Firth   

� North Coast  

� Outer Isles 

� Western Isles  

� Inner Isles  

� Argyll and Bute  

� North Channel including Solway Firth    
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Table D2.3: Key Receptors by SEA Development Areas    

Development 

Area 
Tidal Wave 

Northern 

Isles 

(Shetland) 

Protected sites (SACs, SPAs, and SSSIs) 

Benthic ecology (maerl beds,  modiolus modiolus 

(horse mussel) beds, tidal rapids, reefs) 

Shellfish farms 

Commercial fisheries 

Seascape  

Birds 

Seals 

Cetaceans 

Shipping 

Commercial fishing 

Protected sites (SACs, SPAs, Ramsar 

Sites, NSAs and SSSIs) 

Benthic ecology (maerl beds,  modiolus 

modiolus (horse mussel) beds, tidal 

rapids, reefs) 

Herring spawning areas 

Seascape 

Seals 

Cetaceans 

Birds 

Northern 

Isles 

(Orkney)  

Protected sites (SACs, SPAs, Ramsar Sites and 

SSSIs) 

Benthic ecology (maerl beds, horse mussel beds, 

tidal rapids, reefs) 

Seascape  

Birds  

Seals 

Cetaceans 

Commercial fisheries  

Shipping 

Protected sites (SACs, SPAs, Ramsar 

Sites, NSAs and SSSIs) 

Seals 

Cetaceans 

Herring  spawning areas 

Commercial fisheries 

Birds 

Seals 

Cetaceans 

Pentland 

Firth  

Protected sites (SACs, SPAs, Ramsar Sites and 

SSSIs) 

Seals (breeding and haul out sites)  

Birds  

Cetaceans 

Shipping 

Herring spawning 

Seascape impacts 

Note:  As stated in chapters C1 – C21 

there are various sensitive receptors in 

this area.  However no exploitable 

resource has been identified in this area.   

North Coast  

Note:  As stated in chapters C1 – C21 there are 

various sensitive receptors in this area.  However no 

exploitable resource has been identified in this area.   

Note:  As stated in chapters C1 – C21 

there are various sensitive receptors in 

this area.  However no exploitable 

resource has been identified in this area.   

Outer Isles  

Protected Sites (SACs, SPAs, Ramsar Sites and 

World Heritage Site) 

Benthic ecology (reef, subtidal sand banks, sea 

caves) 

Herring spawning 

Birds  

Seals 

Cetaceans 

Commercial fisheries  

Protected Sites (SACs, SPAs, Ramsar 

Sites and World Heritage Site) 

Benthic ecology (reef, subtidal sand 

banks, sea caves) 

Herring spawning 

Birds  

Seals 

Cetaceans 

Commercial fisheries 

Western Isles  

Protected sites (SACs, SPAs, Ramsar Sites, NSAs 

and SSSIs) 

Potential Annex I reef habitat (Habitats Directive) 

Benthic ecology (maerl beds,  modiolus modiolus 

(horse mussel) beds, tidal rapids, reefs) 

Birds 

Seals 

Cetaceans 

Herring spawning 

Commercial fisheries 

Seascape 

Protected sites (SACs, SPAs, Ramsar 

Sites and SSSIs) 

Potential Annex I reef habitat  (Habitats 

Directive) 

Benthic ecology (maerl beds,  modiolus 

modiolus (horse mussel) beds, tidal 

rapids, reefs) 

Seals 

Cetaceans 

Herring spawning 

Commercial fisheries 

Shipping 

Inner Isles   

Protected sites (SACs, SPAs, Ramsar Sites and 

SSSIs) 

Benthic ecology (reef, subtidal sand banks, maerl 

beds, modiolus modiolus, sea caves, intertidal 

mudflats and sand flats) 

Birds  

Seals 

Cetaceans 

Commercial fisheries 

Shipping 

Seascape impacts 

Protected sites (SACs, SPAs, Ramsar 

Sites and SSSIs) 

Benthic ecology (reef, subtidal sand 

banks, maerl beds, modiolus modiolus, 

sea caves, intertidal mudflats and sand 

flats) 

Birds  

Commercial fisheries 

Seascape  
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Development 

Area 
Tidal Wave 

Argyll and 

Bute  

Shellfish Waters Directive areas 

Protected sites 

(SACs, SPAs, Ramsar Sites and SSSIs)  

Benthic ecology (reefs) 

Birds 

Seals 

Commercial fisheries 

Shipping 

Seascape 

Protected sites (SACs, SPAs, Ramsar 

Sites and SSSIs) 

Birds 

Seals 

Cetaceans 

Commercial fisheries 

North 

Channel and 

Solway Firth  

Protected Sites (SACs, SSSIs) 

Benthic ecology (reefs, intertidal mud and sand flats, 

subtidal mud and sand, shallow inlets and bays) 

Seals 

Commercial fisheries 

Seascape 

Protected Sites (SACs, SSSIs) 

Benthic ecology (reefs, intertidal mud and 

sand flats, subtidal mud and sand, shallow 

inlets and bays) 

Seals 

Commercial fisheries 

Seascape 
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D3.1 Introduction  

 

The primary question which has been addressed in this SEA is can wave and tidal energy contribute 

towards helping the Scottish Executive achieve its target for producing 40% of its electricity from 

renewable sources by 2020 without significant impacts on the environment, and if so, how can this 

best be achieved?  

This chapter addresses this question by estimating the amount of energy that could be exploited 

from the SEA study area taking into account the potential environmental effects.  The approach used 

combines information obtained from the project level assessments with information on the renewable 

energy resource in the study area.  This section informs the assessment of cumulative effects which 

is discussed in Chapter D4.  In order to assess the potentially achievable generating capacity it is 

also important to consider the assumptions made with regard to the generating capacity and 

associated footprints of the wave and tidal device arrays.  The assumptions made and results of this 

exercise are discussed below.  

 

D3.2 Approach to the Assessment of the Wave and Tidal Energy Resource      

 

The approach taken to assess the amount of wave and tidal energy that could be exploited from 

the SEA study area with minimal environmental effects is based on the flow diagram presented 

in Figure D3.1 below.  

 

Figure D3.1: Approach to Energy Resource Assessment:  
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As indicated in the flow diagram above a three stage approach has been used to determine the 

potential for generation of power from marine renewable energy in the SEA study area which:  

� Considers available resource based on existing high level resource assessments and 

generating capacity assumptions   

� Reviews physical constraints to development in the study area (e.g. existing seabed 

developments and uses) and considers the potential for marine renewable energy 

generation, based on the assumption that these constraints are avoided. 

� Takes into account the key environmental effects and issues in each part of the study area 

(e.g. sensitive features and species) and considers how the need to minimise significant 

impacts on these this may affect potential energy generation capacity.   

 

The information taken into account and assumptions made are discussed below.   

 

D3.2.1 Total Wave or Tidal Resource 

 

D3.2.1.1 Development Size Assumptions   

 

In order to give an indication of potential generating capacity in the study area, the number of 

megawatts that could be produced by an array of renewable energy devices and the potential 

footprint of that array has been estimated.  The assumptions on which this estimate is based 

are detailed in Section B and are summarised in Table D3.1 below. 

Table D3.1: Development Size Assumptions  

 Wave Array  Tidal Array 

Array footprint (km
2
) 4 km

2
 0.5 km

2
 

Number of devices 7 – 100 30 - 50 

Potential generating capacity (MW) 50*  – 15** MW 30^ – 50^^ MW 

 
*assumes 7 x 7 MW devices; **assumes 100 x 0.15 MW devices 
^assumes 30 x 1 MW devices, ^^ assumes 50 x 1 MW devices 
Source:  Adapted from ABPMer 2006 

 

It should be noted that there is a great deal of variation in the scale, design and configuration of 

devices and arrays.  Additionally, due to the nascent nature of the industry, there is limited 

information on the configuration of large arrays of devices.  Therefore, when considering the 

above figures it is important to note that devices are currently developing and the capacity and 

efficiency of devices is constantly increasing.  Also, as technology and understanding develops 

it is possible that devices could be located closer together than is currently predicted increasing 

the effective energy density of an array.  Similarly, knowledge of environmental effects will 

develop and this may also influence factors such as device spacing.   

 

D3.2.1.2 Resource Assumptions  

 

Several sources of information have been used to give an indication of potential areas and 

quantity of wave and tidal resource.  These information sources are listed below. Further detail 

is provided in Section B of this Environmental Report.     

� The Forum for Renewable Energy Development in Scotland, Marine Energy Group (MEG) 

report, 2004 – Harnessing Scotland’s Marine Energy Potential. 

� The Carbon Trust Marine Energy Challenge, Phase II UK Tidal Stream Energy Resource 

Assessment (Black & Veatch, 2005). 

� ABPmer, The Met Office, Garrard Hassan and Proudman Oceanographic Laboratory (2004).  

Atlas of UK Marine Renewable Energy Resources: Technical report.  A report to the 

Department of Trade and Industry.   
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D3.2.1.3 Developer Consultation 

 

In October 2005 a consultation workshop with marine renewable developers was undertaken in 

partnership with the European Marine Energy Centre (EMEC).  This workshop formed part of 

the scoping exercise for this SEA.    One of the main outcomes from the developer workshop 

was the identification of broad areas of potential interest for wave and tidal energy development 

based on their own knowledge and investigations.   

Many of the sites identified overlap with the potential wave and tidal resource areas identified 

from the sources of information listed above.  Therefore, where these overlaps occur, the MEG, 

Carbon Trust and DTI studies have been used to given an indication of potential resource.  

Several additional sites, that do not overlap the areas of tidal resource identified in the studies 

listed above, were identified as potentially being of interest for tidal development.  There was no 

targeted resource assessment information is available for these sites.  Therefore to determine 

the potential generating capacity from these additional sites, they were assessed against known 

constraints and limiting factors in site selection such as water depth.  

Where water depths appear suitable for tidal energy development and there are no identified 

physical constraints (see below for a description of physical constraints) it was assumed that 

there is sufficient resource in these additional locations for single 30-50 MW tidal arrays.  This 

nominal figure was based on the fact that this is the assumed scale of development considered 

in this SEA and is considered to be a typical the scale of development for individual tidal energy 

arrays (as noted in the development size assumptions above).  Whilst it is acknowledged that 

this is a crude assumption and that the available resource in these locations will vary 

considerably, this assessments of potential energy resource does give an indication of what 

may be achievable in these additional sites.     

 

D3.2.1.4 Shoreline Resource 

  

The information sources above do not specifically cover the resource for shoreline devices.  It 

has been assumed throughout the project level assessments that shoreline wave developments 

will make a contribution to electricity generation in Scotland.  However, the availability of 

suitably deep shorelines sites is limited and power levels are much lower at shallow depths 

(Garrad Hassan, 2001).  Therefore, although shoreline developments have been considered in 

terms of their environmental effects throughout the SEA, it is not considered that they will make 

a major contribution to overall capacity in comparison to offshore wave and tidal developments.   

 

D3.2.2 Constraints Maps 

 

Constraints maps have been prepared to inform the assessment of potential wave and tidal 

resource in the SEA stud y area.  These m aps are presented in Figures D4.2 to D4.10.    

The information presented on the constraints maps includes:  

� Physical constraints 

� Protected sites   

 

In addition to the information listed above, the assessment of potential wave and tidal resource 

within the SEA study area also takes into consideration the key environmental effects identified 

in the Level 1 assessments (Chapters C1 to C21).  Due to the complexities associated with 

some of these potential environmental effects, and their spatial distributions, it was considered 

to be potentially misleading to include these on the constraints maps.   

Therefore, it is important to note that although the maps show the physical constraints and 

protected sites they do not show all the environmental issues discussed in this SEA.  Therefore 

areas where no constraints are mapped are not necessarily areas of no constraint but areas 

where further ‘project level’ studies would be required to determine exactly what the 

environmental effects of wave and tidal devices would be in these areas.   
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D3.2.3 Physical Constraints  

 

A “physical constraint” has been defined as an existing development site or feature that would 

preclude development/necessitate avoidance.  The physical constraints within the SEA study 

area are listed in Table D3.2.     

Table D3.2: Physical Constraints 

SEA Chapter  SEA Topic Physical Constraint  

Shellfish farms  
Chapter C10 Commercial fisheries and mariculture   

Fin fish farms  

Protected Wrecks  
Chapter C11 Marine and coastal historic environment    

Other Wrecks  

Cables  
Chapter C12 Cables and pipelines 

Pipelines  

Munitions contamination sites  

MOD firing ranges 

MOD danger areas 

Chapter C13 Military exercise areas 

MOD byelaw areas 

Chapter C14 Disposal areas Disposal sites 

Chapter C15 Shipping and navigation Shipping routes * 

*Note:  the shipping routes (which are based on AIS data collected for this project) do not represent a physical 
constraint per se, however the shipping is a key sea use in the study area and there is potential for major significant 
effects upon shipping and therefore it is included in the maps to give an indication of the level of constraint it presents. 
 

D3.2.4 Other Environmental Considerations  

 

D3.2.4.1 Protected Sites 

 

Protected sites have been illustrated on the constraints maps as they indicate areas of key 

conservation importance where specific detailed assessments of potential environmental effects 

will be required.  The protected sites included on the constraints maps are listed below:  

� Special Area of Conservation (SAC) 

� Potential Special Area of Conservation (pSAC) 

� Special Protection Area (SPA) (Note:  See Chapter C8 for details of potential extensions of 

coastal SPAs) 

� Ramsar Sites 

� World Heritage Sites 

� Sites of Special Scientific Interest (SSSI) 

� National Nature Reserves (NNR) 

� National Scenic Area (NSA) 

 

D3.2.4.2 Other Environmental Effects Identified from the Level 1 Assessment  

 

The key environmental effects taken into consideration in the calculation of the potential wave 

and tidal resource are discussed in Chapter D2 and summarised in Appendix D2.1: 

Development Area Summary Tables.   

The method used to measure the potential renewable energy resource, taking account of all the 

environmental considerations discussed above, is outlined in detail below.           
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D3.3 Method Used to Calculate the Potential Energy Resource  

 

The following method was used to calculate the potential wave and tidal energy resource that 

could be exploited from the SEA Study Area with minimal environmental effects. The method 

used was based on a process of filtering which involved the systematic reduction in the overall 

potential wave and tidal resource areas through the consideration of key constraints and 

environmental considerations.  This filtering process is set out below:  

� Primary filter: the filtering of possible resource areas based on physical constraints  

� Secondary filter: the filtering of possible resource areas based on other environmental effects 

(as identied in the Level 1 Assessments) and specific assumptions (see below) 

 

D3.3.1 Primary Filtering of Resource Areas  

 

The starting point to the filtering process is the assumption that device arrays can be located in 

all potential areas of resource.   

From this the following areas are removed from the overall resource:  

� Areas where physical constraints are present  

An estimate of the potentially achievable generating capacity (MW) based on this primary filter 
is provided in the results tables (Table D3.3 Tidal Resource and D3.4 Wave Resource).  

 

D3.3.2 Secondary Filtering of Resource Areas  

 

The secondary filtering stage takes the potentially achievable generating capacity based on 

physical constraints and filters it further by removing areas where there are key environmental 

considerations.   These key environmental considerations include:    

� Protected sites (SPAs, SACs and NSAs)   

� Areas that are close to protected sites that are designated for mobile species that could be 

significantly affected, such as breeding birds or seals 

� Areas of tidal or wave resource located in particularly constrained waters e.g. narrow inter-

island channels that have high vessel densities are removed from the overall estimates  

� Where the installation of a number of arrays could create a barrier effect (e.g. channel), the 

potential exploitable energy resource in this location is reduced   

� In locations where there may be clustering of devices to exploit an area of high energy 

resource and minimal environmental constraints, an assessment was made as to whether 

development of the entire area could result in moderate to major cumulative effects (these 

are discussed in the following section) 

    

The estimated energy resource is then recalculated, taking into account the above to give the 

‘estimated generating capacity assuming avoidance of environmental effects greater than 

minor’.  The filtering approach applied at this stage was based on a series of specific 

assumptions.  The assumptions are discussed below: 

Environmental effects of potential major, moderate or unknown significance that could reduce 

the potential for the development of marine renewable energy device arrays have been 

identified for the following receptors:  

� Commercial fishing 

� Protected sites 

� Herring spawning areas 

� Seascape 

� Shipping and navigation 

� Areas of benthic ecological importance 

� Seals 

� Cetaceans 

� Breeding birds 
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The above is not a comprehensive list of environmental issues that developers would need to 

consider with regard to the development of specific projects, rather, the key environmental 

issues that were taken into account in the estimate of energy generation potential.  Whilst it has 

not been assumed that effects on each of these receptors could be totally avoided, it has been 

assumed that the points listed below would be given due consideration in development of 

commercial marine renewable energy arrays.  

� Careful site selection has been assumed in that where possible developers will seek to avoid 

significant environmental effects on the receptors listed above   

� Where significant effects cannot be avoided through site selection, measures to mitigate 

impacts on the key environmental issues listed above will be implemented   

� Where the potential effects on key environmental issues are unknown, project level surveys 

and studies will be required to fill gaps in baseline data (e.g. surveys for seabird at sea 

distribution including foraging hotspots, distribution of marine mammals and seals at sea may 

be required) and to improve the understanding of how marine devices interact with certain 

environmental receptors  

� Where potential effects on seascape value have been identified (for example if development 

sites could be located within close proximity to shore) it has been assumed that least visually 

intrusive (i.e. with minimal protrusion above sea surface) devices are deployed.  Typically, 

devices located more than 5 km from the shore would not have major effects. Moderate 

effects may still result within 10 km of the shore 

� Detailed studies would be required to locate specific herring spawning grounds within the 

more general spawning areas identified by CEFAS 

� Arrays are typically unlikely to be sited within SPA or SAC sites (mainly because their 

boundaries currently do not generally extend beyond the intertidal area) but, may be located 

close to coastal sites and may have potential to impact the qualifying features of a site.  In 

addition the process of designating marine SACs and SPAs is currently underway.  Specific 

project level studies will be required to identify and mitigate any impacts on protected sites  

� Whilst benthic ecology in much of the study area is unknown, there are some areas where 

the presence of these UKBAP habitats and habitats noted under the Habitats Directive is 

known.  Site specific survey will be required to confirm the presence of these and/or other 

habitats and species in areas potentially affected by development 

� Throughout the entire study area, collision risk (seals, cetaceans, fish and birds) is potentially 

an important issue which is not well understood, and further research, such as monitoring of 

prototype devices in operation, is required in order to further understanding of the likely 

magnitude of this impact 

� Throughout the study area, impacts of noise during installation on seals and cetaceans and 

in many cases birds and fish would need to be considered in detail  

� Detailed modelling and assessment and careful site selection will be required to ensure 

effects upon coastal processes are adequately addressed.  The assessment results in 

Chapters C2 and C3 suggest that development could be achieved with negligible/tolerable 

environmental effects, provided this is undertaken.  

� Detailed consultation with the fishing industry is required to ensure sites with minimum 

impact on the fishing industry are identified.   

� Detailed consultation with local ports and harbours, and detailed shipping intensity studies 

would be required to inform site selection. 
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D3.4 Results of the Energy Resource Assessment  

 

The purpose of this section is to estimate the potential number of megawatts (in terms of 

installed capacity) of wave and tidal stream energy that can be extracted from the study area, 

taking into account physical constraints and the key environmental issues summarised in 

Chapter D2 above.  This information is required to inform the Scottish Executive’s renewable 

energy strategy.  It is based on high level information in terms on resource assessments and 

the baseline environment, appropriate to a strategic environmental assessment.  It should also 

be noted that the baseline is constantly changing as result of natural variations and changes in 

the human use of the environment.  This section does not provide a comprehensive overview of 

project specific development issues and mitigation as this is not appropriate for a SEA.   

Additionally, as noted throughout the report, due to the nascent status of the industry there are 

several unknowns with regards to the nature and scale of environmental effects (e.g. in relation 

to impacts of noise from installation and operation or the collision issues for marine mammals).  

Therefore, detailed project level resource assessments, site selection studies and research to 

further the understanding of the environmental effects would be expected to refine the 

information given below.  

 

Key for Tables D3.3 and D3.4 

No Resource Identified  

1 - 75 MW 

75 – 200 MW 

200 – 400 MW 

> 400 MW 

 

The ‘Low’ and ‘High’ estimates of the energy resource reflect different types of device 

technology 
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Table D3.3: Estimated Tidal Energy Resource  

Potentially 
achievable 
generating capacity 
taking into account 
physical constraints 
(MW) 

Potentially 
achievable 
generating capacity 
taking into account 
major, moderate and 
unknown 
environmental 
effects (MW) 

Tidal Resource Area 

Low High 

Key Environmental issues 

Low High 

Area specific assumptions and considerations 

Northern Isles 
(Shetland)   

  

Protected sites (SACs, SPAs, and SSSIs) 
Benthic ecology (maerl beds,  modiolus modiolus (horse 
mussel) beds, tidal rapids, reefs) 
Shellfish farms 
Commercial fisheries 
Seascape  
Birds 
Seals 
Cetaceans 
Shipping 

  None specific – see assumptions in method  

Northern Isles  
(Orkney)  

  

Protected sites (SACs, SPAs, Ramsar Sites and SSSIs) 
Benthic ecology (maerl beds, horse mussel beds, tidal 
rapids, reefs) 
Seascape  
Birds  
Seals 
Cetaceans 
Commercial fisheries  
Shipping 

  None specific – see assumptions in method 

Pentland Firth    

Protected sites (SACs, SPAs, Ramsar Sites and SSSIs) 
Seals (breeding and haul out sites)  
Birds  
Cetaceans 
Shipping 
Herring spawning 
Seascape impacts 

  

� Main issue is shipping and navigation - detailed 
consultation with local ports and harbours and 
shipping surveys would be required to inform site 
selection. 

� Effects on benthic ecology are unknown – further 
surveys would be required 

� Water depths in the Pentland Firth area are around 
60m.  Piling technology does not currently allow 
installation at these depths.  It is assumed devices in 
water of this depth would be either mounted on 
gravity bases or secured to the seabed using clump 
weights or anchors   

� Due to the level of environmental constraints, the 
level of tidal energy development estimated only 
represents a small percentage of the total tidal 
resource in the Pentland Firth area. 
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Potentially 
achievable 
generating capacity 
taking into account 
physical constraints 
(MW) 

Potentially 
achievable 
generating capacity 
taking into account 
major, moderate and 
unknown 
environmental 
effects (MW) 

Tidal Resource Area 

Low High 

Key Environmental issues 

Low High 

Area specific assumptions and considerations 

North Coast   
Note:  As stated in chapters C1 – C21 there are various 
sensitive receptors in this area.  However no exploitable 
resource has been identified in this area.   

  

The area of potential tidal resource lies within the Cape 
Wrath MOD firing range which has restricted civilian 
access (byelaw). Cape Wrath is also an area of high 
vessel density.  Tidal energy therefore cannot be 
realistically extracted from this area     

Outer Isles    

Protected Sites (SACs, SPAs, Ramsar Sites and World 
Heritage Site) 
Benthic ecology (reef, subtidal sand banks, sea caves) 
Herring spawning 
Birds  
Seals 
Cetaceans 
Commercial fisheries  

  No areas of resource identified 

Western Isles    

Protected sites (SACs, SPAs, Ramsar Sites, NSAs and 
SSSIs) 
Potential Annex I reef habitat (Habitats Directive) 
Benthic ecology (maerl beds,  modiolus modiolus (horse 
mussel) beds, tidal rapids, reefs) 
Birds 
Seals 
Cetaceans 
Herring spawning 
Commercial fisheries 
Seascape 

  

The estimate of potential generating capacity is based on 
very limited information in terms of available resource, as 
the sites that are identified were noted as being of interest 
for tidal energy by developers but are not covered in the 
DTI Renewable Energy Atlas or the Carbon Trust studies   

Inner Isles    

Protected sites (SACs, SPAs, Ramsar Sites and SSSIs) 
Benthic ecology (reef, subtidal sand banks, maerl beds, 
modiolus modiolus, sea caves, intertidal mudflats and sand 
flats) 
Birds  
Seals 
Cetaceans 
Commercial fisheries 
Shipping 
Seascape impacts 

  None specific – see assumptions in method 
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Potentially 
achievable 
generating capacity 
taking into account 
physical constraints 
(MW) 

Potentially 
achievable 
generating capacity 
taking into account 
major, moderate and 
unknown 
environmental 
effects (MW) 

Tidal Resource Area 

Low High 

Key Environmental issues 

Low High 

Area specific assumptions and considerations 

Argyll and Bute    

Shellfish Waters Directive areas 
Protected sites 
(SACs, SPAs, Ramsar Sites and SSSIs)  
Benthic ecology (reefs) 
Birds 
Seals 
Commercial fisheries 
Shipping 
Seascape 

  

The estimate of potential generating capacity is based on 
very limited information in terms of available resource, as 
the sites that are identified were noted as being of interest 
for tidal energy by developers but are not covered in the 
DTI Renewable Energy Atlas or the Carbon Trust studies   

North Channel and 
Solway Firth  

  

Protected Sites (SACs, SSSIs) 
Benthic ecology (reefs, intertidal mud and sand flats, subtidal 
mud and sand, shallow inlets and bays) 
Seals 
Commercial fisheries 
Seascape 

  

Generating capacity could potentially be affected by 
munitions contamination that may have migrated from the 
Beauforts Dyke munitions disposal site or the Luce Bay 
weapons range. 

Total (MW) – Tidal  650 to 1,100  475 to 800  

   

 Key (for Table D3.3 above and D3.4 below) 

No Resource Identified  

1 - 75 MW 

75 – 200 MW 

200 – 400 MW 

> 400 MW 
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Table D3.4: Estimated Wave Energy Resource  

Potentially 
achievable 
generating 
capacity taking 
into account 
physical 
constraints (MW) 

Potentially 
achievable 
generating capacity 
taking into account 
major, moderate and 
unknown 
environmental 
effects (MW) 

Wave Resource Area 

Low High 

Key Environmental issues 

Low High 

Area specific assumptions and considerations 

Northern Isles 
(Shetland)   

  

Commercial fishing 
Protected sites (SACs, SPAs, Ramsar Sites, NSAs and 
SSSIs) 
Benthic ecology (maerl beds,  modiolus modiolus (horse 
mussel) beds, tidal rapids, reefs) 
Herring spawning areas 
Seascape 
Seals 
Cetaceans 
Birds 

  None specific – see assumptions in method  

Northern Isles  
(Orkney)  

  

Protected sites (SACs, SPAs, Ramsar Sites, NSAs and 
SSSIs) 
Seals 
Cetaceans 
Herring  spawning areas 
Commercial fisheries 
Birds 
Seals 
Cetaceans 

  None specific – see assumptions in method 

Pentland Firth    
Note:  As stated in chapters C1 – C21 there are various 
sensitive receptors in this area.  However no exploitable 
resource has been identified in this area.   

  
Shipping data (from AIS data – see Chapter C15) indicates 
that wave development with the assumed footprint of 1 km 
by 4 km is unlikely to be achievable in this area.   

North Coast   
Note:  As stated in chapters C1 – C21 there are various 
sensitive receptors in this area.  However no exploitable 
resource has been identified in this area.   

  

On first examination it appears from Figure D3.5 that there 
is extensive wave resource available in this area.  
However, this is a symptom of the strategic scale at which 
the areas of resource interest were defined.  In reality the 
area south of the main shipping routes, along the north 
coast is generally not suitable for wave development 
because it is sheltered from the prevailing wave direction 
which is from the south west.  Based on this factor and the 
fact that most of this area is of key importance for shipping 
it has been assumed that energy from wave resource 
could not be generated in this area.   
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Potentially 
achievable 
generating 
capacity taking 
into account 
physical 
constraints (MW) 

Potentially 
achievable 
generating capacity 
taking into account 
major, moderate and 
unknown 
environmental 
effects (MW) 

Wave Resource Area 

Low High 

Key Environmental issues 

Low High 

Area specific assumptions and considerations 

Outer Isles    

Protected Sites (SACs, SPAs, Ramsar Sites and World 
Heritage Site) 
Benthic ecology (reef, subtidal sand banks, sea caves) 
Herring spawning 
Birds  
Seals 
Cetaceans 
Commercial fisheries 

  
It should be noted that this area is more remote than the 
majority of the SEA study area and greater lengths of 
cable will be required to take power generated to shore.   

Western Isles    

Protected sites (SACs, SPAs, Ramsar Sites and SSSIs) 
Potential Annex I reef habitat  (Habitats Directive) 
Benthic ecology (maerl beds,  modiolus modiolus (horse 
mussel) beds, tidal rapids, reefs) 
Seals 
Cetaceans 
Herring spawning 
Commercial fisheries 
Shipping 

  None specific – see assumptions in method 

Inner Isles    

Protected sites (SACs, SPAs, Ramsar Sites and SSSIs) 
Benthic ecology (reef, subtidal sand banks, maerl beds, 
modiolus modiolus, sea caves, intertidal mudflats and 
sand flats) 
Birds  
Commercial fisheries 
Seascape  

  None specific – see assumptions in method 

Argyll and Bute    

Protected sites (SACs, SPAs, Ramsar Sites and SSSIs) 
Birds 
Seals 
Cetaceans 
Commercial fisheries 

  None specific – see assumptions in method 

North Channel and Solway 
Firth  

  

Protected Sites (SACs, SSSIs) 
Benthic ecology (reefs, intertidal mud and sand flats, 
subtidal mud and sand, shallow inlets and bays) 
Seals 
Commercial fisheries 
Seascape 

  Insufficient wave resource. 

Total (MW) – Wave  650 to 2,200  525 to 1,800  
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D3.4.1 Summary of Results from Energy Resource Assessment  

 

The following table provides a summary of the results from the Energy Resource Assessment 

presented above.   

 

Table D3.5: Summary of Estimated Potential Marine Energy Resource in the SEA Study Area 

Potentially achievable generating 
capacity taking into account physical 

constraints for a range of devices (MW) 

Potentially achievable generating 
capacity taking into account 

environmental effects for a range of 
devices (MW) 

Wave Tidal Wave Tidal 

Resource Area 

Low High Low High Low High Low High 

Northern Isles - 
Shetland 

        

Northern Isles - 
Orkney 

        

Pentland Firth         

North Coast*         

Outer Isles         

Inner Isles         

Western Isles         

Argyll and Bute         

North Channel         

Estimated Range  650 to 2,200 650 to 1,100 525 to 1,800 475 to 800 

* Resource potential in the North Coast is restricted by a number of factors including MoD activities and 

navigation channels. 

No Resource Identified  

1 - 75 MW 

75 – 200 MW 

200 – 400 MW 

> 400 MW 

 

The table indicates that between 1,000 MW (525 + 474) and 2,600 MW (1,800 +800) of 

generating capacity (wave and tidal energy combined) could potentially be achieved within the 

SEA study area depending on the types of technology deployed.  Actual energy output will 

depend on the device array’s average ‘load factor’.  However, it should be noted that a 

considerable proportion of this capacity is located in the Outer Isles, which are remote from the 

main land and would require considerable lengths of cable to shore, as could developments in 

the Northern Isles and Western Isles.  Additionally, the information above has been based on 

baseline information appropriate to an SEA, project specific resource assessments, surveys 

and environmental impact assessment would be expected to refine these estimates.   

In reviewing the results above it is important to note that the assumption made in this SEA is 

that the number of devices in a wave array (footprint of 4 km
2
) could range from 7 to 100 wave 

devices, generating 15 - 50 MW and that the number of tidal devices in a tidal array (footprint of 

0.5 km
2
) could range from 30 – 50 devices generating 30 – 50 MW.  Therefore, although the 

results have attempted to provide an estimate of the generating potential within an area, there 

is a large variation in what could actually be achieved.  Additionally is should be noted that in 

reality the array sizes and configurations will be highly variable, probably starting with very 

small arrays.  This is due the variety of devices in development and the nascent status of the 

industry.   
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The actual number and size of arrays that can be developed in an area varies considerably 

according to both the physical constraints that may be present in an area and other 

environmental considerations identified previously.  For example, the reasons why there is an 

apparently large number of MW allocated to the Outer Isles is that there is a relatively low level 

of physical constraint (in comparison to other parts of the study area) in these areas and 

therefore the initial capacity/no of arrays potentially achievable is high.  Also it is possible to 

develop some considerable distance from shore which helps to ameliorate a number of effects 

(e.g. effects on breeding birds, impacts of removal of energy etc).   

The estimates provided are based on the high level strategic assessment.  It is therefore 

important to recognise that there will be requirements at the project level for more detailed 

studies to be carried out to determine the actual effects that an individual array may have on the 

environment and subsequent cumulative effects that may arise.  This is particularly important in 

terms of unknown effects where data and knowledge gaps will need to be filled to enable an 

accurate assessment of resource potential in specific locations to be made.   
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D4.1 Introduction  

 

The following chapter considers to the potential cumulative effects of wave and tidal devices 

and the cumulative effects of other marine activities.  This assessment is based on the results 

from the energy resource assessment presented in the previous chapter and the results of the 

Level 1 assessments presented in Chapters C1 to C21.    

There are currently limitations in knowledge of how the marine renewable industry will develop 

in the future and the precise locations of the potential wave and tidal energy resource that may 

be exploited.  There are also limitations in our understanding of how wave and tidal devices 

interact with key components of the marine environment.  Consequently, the assessment of the 

cumulative effects of wave and tidal devices is only possible at a very strategic level.   

 

D4.2 Cumulative Effects of Wave and Tidal Devices  

 

The assessment of cumulative effects is based upon the following scenarios that are associated 

with the future development of wave and tidal arrays:  

� Clustering of a number of device arrays in a specific location  

� A number of device arrays all being installed at the same time  

� Continuous installation of device arrays over a period of time (temporal effects)     

� A combination of the above scenarios  

 

D4.2.1 Cumulative Effects Associated with the Clustering of Arrays 

 

A number of assumptions have been made in term of the possible future development of the 

marine renewable industry.  These assumptions are discussed in Chapter D3.  In general it is 

assumed that the first sites to be developed will be those that are least constrained in terms of 

cost (economic), physical constraints, environmental effects and grid connection. Consequently 

this could lead to the clustering of devices in certain locations where these conditions are most 

favourable.       

The clustering of arrays could potentially have moderate to major significant effects on the 

marine environment, even if the effects of a single array in the same location are negligible or 

minor.   The main potential causes of cumulative effects associated with the clustering of arrays 

include:  

� Increased area of substratum loss due to device/array footprints and cable routes – affecting 

benthic habitats and shellfish areas   

� Increased barriers to movement especially if arrays are clustered in constrained areas e.g. 

narrows, channels, sounds and firths 

� Increased chance of collision risk (marine mammals, fish, marine birds and vessels) 

� Increased noise from the operation of device arrays  

� Increased risk of accidental contamination from device failures and vessel as a result of 

collision  

� Increased risk of habitat exclusion (marine birds, marine mammals and fish)  

� Increased long-term displacement of fishing grounds due to devices and cables   

� Increased levels of intrusion in sensitive seascapes      

� Increased changes in tidal flow and wave energy regimes  

� Increased displacement of fishing activities 

D4 Cumulative Effects  
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� Increased displacement of shipping 

� Increased disturbance of coastal environment and features where a number of cables are 

brought ashore  

� Devices mimicking the effect of islet chains allowing for mink colonisation of islands adjacent 

to the mainland, resulting in increased predation on ground nesting birds. 

 

It is not possible to quantify the cumulative effects in terms of effect significance. This is due to 

the levels of uncertainty associated with the clustering of device arrays e.g. where clustering will 

occur, how many arrays this would comprise, and the size of the footprint of these arrays.  It is 

also important to note that the gaps in understanding of how clustered arrays will affect a given 

feature of the marine environment further limit the ability to quantify these results.    

 

D4.2.2 Cumulative Effects Associated with a Number of Arrays Being Installed at the Same Time  

 

There is a possibility that once the marine renewables industry starts to expand there may be 

situations where a number of device arrays are installed at the same time.  The SEA study area 

is very large and there are a number of different locations where potential exploitable wave and 

tidal resources have been identified.  In most cases, where device arrays are distributed 

throughout the study area, their concurrent installation is unlikely to have significant cumulative 

effects.   

However, there are exceptions to this.  The Level 1 assessments identified that cetaceans, 

seals, herring and cod can detect noise pulses from piling activities at up to 80km, and that the 

levels of noise from the installation of piled devices could potentially form a barrier to the 

movement of these species, particularly in constrained environments.  The simultaneous 

installation of arrays comprising piled devices could lead to barriers to movement being created 

at the same time at a number of different locations within the study area.  This could have 

significant implications for seals, cetaceans and fish by restricting the area that is available for 

transit during feeding, and routes used for migration.   In some situations, high levels of noise 

could lead to the displacement of key species from the area, causing increased energetic costs, 

potentially disrupting breeding activities, and leading to increased pressure on habitats and 

populations in other locations.       

Physical disturbance associated with the concurrent installation of marine device arrays could 

also lead to species displacement.  This would occur where physical disturbance affects 

species that have already been displaced from their original habitats due to the installation of a 

device in another part of the study area.  If the physical disturbance occurred at number of 

different locations but affected a number of similar site e.g. seal haul out sites, this could lead to 

long term species displacement, even though the physical disturbance may only be temporary 

to short-term in nature. 

Should concurrent installations occur where there is a clustering of device arrays, the 

cumulative effects identified above would potentially be of major significance.     

           

D4.2.3 Cumulative Effects Associated with the Continuous Installation of Device Arrays over a Period 

of Time (Temporal Effects)   

 

As identified above, the SEA study area is very large.  The energy resource assessment has 

identified that there is likely to be capacity for the potential wave and tidal energy resource to be 

exploited with minimal effects on the environment, providing that sites are selected carefully, 

appropriate mitigation is implemented and where necessary site specific surveys are carried out 

prior to any development taking place.   

Appropriate management of the development of the marine renewable industry should prevent 

any significant cumulative effect associated with the temporal installation of devices.  The 

possible mechanisms for regulating the future development of the marine renewable industry by 

managing careful site selection and regulating the implementation of appropriate mitigation are 

discussed in Section E of this Environmental Report.         

      



Faber Maunsell &Metoc   Environmental Report Section D: Energy Resource Assessment and Cumulative Effects 38 

                                                                                         ER_D1-D4_Resource Assessment and Cumulative Effects_ Final 

D4.3 Cumulative Effects Associated with Other Marine Developments   

 

In this section, cumulative impacts are identified, where possible, following the identification of 

planned projects in the SEA study area.  Larger scale (in terms of geographical extent) marine 

projects have been identified in this SEA but smaller scale (e.g. local developments such as a 

fish farm in an estuary) have not.  This is due to the difficulty in accessing such information.  

General cumulative impacts have then been identified.  On the basis of information available it 

has not been possible to identify how close other projects will bring receptors to their 

capacity/threshold to remain productive or sustainable.  This should be carried out as part of the 

Environmental Impact Assessment (EIA) process for a particular project.    

The level of uncertainty in this assessment of cumulative impacts is considerable.  The SEA 

Directive only requires that SEA is based on information than can reasonably be required taking 

into account current knowledge and methods of assessment (ODPM 2005). 

 

D4.3.1 Other Existing and Proposed Marine Developments  

 

Existing and proposed developments, which have the potential to result in cumulative impacts 

with wave and tidal energy devices are summarised in Table D4.1.  Existing developments and 

activities are summarised from information presented elsewhere in this SEA. Information on 

proposed developments has been obtained from analysis of existing developments and a 

search of the internet. Information on current applications for deposits on the seabed (under the 

Food and Environment Protection Act FEPA 1985) has been requested from the regulator, but 

information has not been forthcoming to date.  Although projects for which a FEPA licence has 

been applied for have a good certainty of going ahead in the next year they may only be small 

(in terms of both geographical extent and potential impacts) scale developments e.g. fish farm, 

and coast defence improvement works.  However, a number of small developments in an area 

would obviously have the potential for greater cumulative impacts.  

In order to define cumulative impacts sufficient information on project location and timescales 

needs to be available to determine if projects would overlap in space and time.  It has been 

presumed that the potential planned projects identified below could be developed over the next 

5-10 years i.e. during part of the phased development of wave and tidal energy devices. 

 

Table D4.1: Existing and Proposed Marine Developments    

Development   Current/Existing Activity  
Potential Proposed 
Developments  

Potential for 
Cumulative Effects  

Oil and Gas field 
developments including 
pipelines 

Concentrated outside SEA 
study area.  Existing North 
Sea pipelines within study 
area connect to northern 
parts of the Shetland 
Islands, the Orkney islands 
and the north east coast.  
See Figure C21-1. 

No known proposed 
developments within SEA study 
area. 

None - no known 
proposed 
developments within 
SEA study area. 

Cables (telecomms and 
power) 

  

Potential routes of possible 
future electricity cables are 
shown in Figure D4.11 and 
include: 
(i) a West Coast Interconnector 
(ii) Isle of Lewis Wind farm 
marine cable connection to 
mainland 
(iii) Orkney Interconnector 
(iv) Shetland Interconnector 
There is also potential for a 
telecommunications cable from 
the Sheltand and Orkney 
islands to the mainland.   

Potential for cumulative 
impacts especially with 
regard to the 
geographical extent of 
the proposed projects. 

Aggregate extraction 
 

No aggregate extraction 
within study area. 

No known future planned 
aggregate extraction. 

None - no proposed 
developments within 
study area. 
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Development   Current/Existing Activity  
Potential Proposed 
Developments  

Potential for 
Cumulative Effects  

Shipping including port 
developments 
 

Busy shipping routes within 
SEA study area (see Figure 
C15-1) include the North 
Channel, the Hebrides 
Deep water route, the 
Minches, Pentland Firth 
and the Fair Isle TSS 
Routing scheme. 

Potential port/container terminal 
development on the River 
Clyde would increase shipping 
traffic in the south western 
section of the SEA study area.  

Small as only small 
scale development 
proposed against the 
background of current 
shipping activity. 

Fish farming 
 

Concentrated on the 
western coast and islands, 
the Shetlands and Orkney 
Islands (see Figures C-10.7 
and C-10-8). 

Probably further developments 
in future but will be on a local 
scale. 

Small as only small 
scale development 
likely and will be limited 
in geographical extent. 

Wind farms 
 

No marine wind farms 
within SEA activity area. 

No known potential proposed 
developments. 

None - no proposed 
developments within 
study area. 

Military Exercise and 
Practice Areas 

Existing practice areas 
throughout SEA study area 
(see Figure C13.1)   

No known changes. 
None - no known 
changes. 

Marine Disposal Areas 
Existing sites throughout 
SEA study area (see Figure 
14.1). 

No known changes. 
None - no known 
changes. 

Commercial fisheries 
Fishing throughout SEA 
study area (see Figure 
C10.1). 

No known large scale changes. 
None - no known large 
scale changes. 

Other development  
Fixed transport link across 
sound of Harris. 

Potential for cumulative 
impacts as location is 
in tidal resource study 
area 

 

In summary the developments which have the potential for cumulative impacts are: 

�  Proposed marine electricity and telecommunication cables (see Figure D3.1 for locations). 

�  Shipping; increase in traffic likely associated with port development on River Clyde.  

�  Fish farming, small scale development likely although precise locations not known. 

�  Fixed transport link, Isle of Harris 

 

 

D4.3.2 Potential Areas for Cumulative Effects Associated with other Marine Activities/Developments 

 

Cumulative effects are most likely to occur where the areas of other existing and future marine 

developments overlap with the main wave and tidal resource areas.  At this broad scale of 

assessment, areas where protected sites are present (see Figure C5.1) should be highlighted 

with regard to assessing the potential significance of cumulative impacts. 

Potential areas for cumulative impact are therefore identified in Table D4.2. 

Table D4. 2: Potential Areas for Cumulative Effect   

Area Potential future development 
Potential resource 
area 

Protected status 

Northern Isles: South of 
Shetland Isles 

Search area for power and 
telecoms cables 

Wave and tidal 

Potential Annex 1 habitat 
and part Special Area of 
Conservation (SAC) within 
area of search 

Northern Isles: South of 
Orkney Isles 

Search area for power and 
telecoms cables 

Wave and tidal SAC within area of search 

Western Isles: between Isle 
of Lewis and Harris 

Fixed transport link i.e. bridge 
construction 

Wave and tidal 
SACs maybe within 
development area 

Inner Isles 
Western Isle cable link  – 
power cable – area of search 

Tidal 
No protected sites within 
area of search 

Western Isles and Argyll 
and Bute  

West coast interconnector – 
power cable and port 
development on River Cylde 

Wave and tidal 
Cable routes appear to 
avoid, but may pass close 
too, protected sites.  

North Channel and Solway 
Firth 

West coast interconnector – 
power cable 

Wave and tidal 
No protected sites on cable 
route(s) 
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Potential fish farming developments have been excluded from further assessment as locations 

are unknown.  However the potential for cumulative impacts would be relatively small due to 

their limited physical extent and their geographic locations (i.e. relatively easily accessible 

compared to wave and tidal devices which tend to be more remote to harvest the resource). 

 

D4.3.3 Potential Cumulative Effects   

 

The key impact associated with proposed port development on the River Clyde would be an 

increase in shipping traffic.  Wave and tidal devices could impact shipping depending on their 

locations however in general key shipping routes will be avoided for device locations.    

Therefore, there is limited potential for cumulative impacts arising from planned port 

development and the installation and operation of wave and tidal devices.   

The potential for cumulative impacts from proposed development should be focused on planned 

cable projects.  It should be noted that the cable projects outlined in Table D4.2 are not all 

definitely going ahead.  Most are still at the feasibility stage.   

 

Cables are linear developments.  The potential broad impacts from a cable project are:  

� Installation impacts: seabed disturbance, dispersion of sediment and potential associated 

water quality and benthic smothering issues.  Disruption to shipping and fisheries. 

� Operational impacts: associated with potential electro-magnetic fields and heat emissions.  

Hazard to shipping and fishing gear. 

� Maintenance impacts: broadly similar to cable installation but on a smaller scale.  

 

Potential cumulative impacts resulting from cable developments in areas of wave and tidal 

devices are: 

Installation 

� Increased seabed disturbance, dispersion of sediment and potential associated water quality 

and benthic smothering issues. 

� Increased disruption to shipping and fisheries. 

 

Operation 

� Potential for cumulative impacts of electro-magnetic fields on electric or magnetic sensitive 

species. 

� Increased potential hazard to shipping and fishing gear. 

 

Areas identified as potentially important for cumulative impacts are identified in Table D4.2.  Of 

these areas, those containing protected sites should be particularly noted.  Some potential 

cumulative impacts could be mitigated at the project feasibility stage by avoiding protected 

sites.  Potential cumulative impacts should be addressed at the project development stage 

through consultation with other developers 

 

 




