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About the Scottish Wildlife Trust
THE SCOTTISH WILDLIFE TRUST, established in 1964, has the charitable purpose to advance the
conservation of Scotland’s biodiversity for the benefit of present and future generations. With
more than 36,000 members, over 120 reserves and a network of volunteers the length and breadth
of the country, we are proud to say we are now the largest voluntary body working for all the
wildlife of Scotland.
Our vision is of a network of healthy and resilient ecosystems supporting expanding communities
of native species across large areas of Scotland’s land, water and seas. This is the ‘Ecosystem
Approach’, which is the basis of The Wildlife Trusts’ UK Living Landscapes and Living Seas initiatives.
This report should be quoted as: Boyd, R, Hughes, J & King, A (2010) Living Seas: towards
sustainable marine renewable energy in Scotland. Scottish Wildlife Trust, Edinburgh.
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Executive summary

Marine renewables are set to play a key role in
reducing Scotland’s carbon emissions, helping to
reduce climate change impacts on biodiversity.
However, there is significant uncertainty over the
level of risk to Scotland’s unique and internationally
important marine biodiversity from marine
renewables development itself.
The Scottish Wildlife Trust believes that the
most environmentally responsible approach to
marine renewables development will be one that
delivers a net reduction in carbon emissions while
safeguarding marine ecosystems and nationally
and internationally important marine habitats and
species.

The principal conclusions of this report are:
• Marine renewables should play a key role in
reducing Scotland’s carbon emissions, helping to
reduce climate change impacts on biodiversity.
• The Scottish Wildlife Trust supports the
development and deployment of marine
renewables where they are shown to be
environmentally sustainable, i.e. where any
localised, regional and wider seas impacts on
marine ecosystem health are shown not to be
significant and/or irreversible.
• There are concerns that nationally important
marine features (including both species and
habitats) are currently not adequately considered
during the planning and deployment of marine
renewables and must therefore be given greater
consideration and protection.
• Marine renewable devices may enhance
biodiversity (e.g. creation of artificial reefs) in
some types of habitat, though protection of
naturally species-poor habitats (e.g. certain
soft bottom habitats) must also be a key
consideration.
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• There should be a precautionary and adaptive
approach to marine renewable planning and
deployment, coupled with investment into
research on both localised and cumulative
impacts of the technologies currently available.
• The Scottish Wildlife Trust believes the Ecosystem
Approach (as set out by the UN Convention
on Biological Diversity) should be used as a
key decision-making tool when planning and
deploying marine renewables.
• Governance processes and structures,
including high-level government fora on marine
renewables, must include representation
from conservation agencies and third sector
organisations.
• Conservation third sector organisations should
work collaboratively with the renewables
industry, government, the research community,
The Crown Estate and other stakeholders to
help ensure the environmental sustainability of
marine renewables in Scotland.
• The Marine (Scotland) Act 2010 can, if
implemented effectively, deliver environmentally
sustainable marine renewable energy generation.

The purpose of this paper

The marine renewables industry in Scotland is in
its infancy, but the scale and speed of proposed
development is very significant. The Scottish Wildlife
Trust recognises that marine renewables are set
to play an important role in reducing Scotland’s
carbon emissions, helping to reduce climate change
impacts on biodiversity. However, there is uncertainty
over the level of risk to Scotland’s unique and
internationally important marine natural heritage
from renewables development itself. Decisions taken
now are critical if we are to ensure that development
takes place in a way that is consistent with Scotland’s
long-term public interest in maintaining a healthy,
functioning marine environment.
The Scottish Wildlife Trust has concerns about this
potential risk to the marine environment, but believes
that the emerging marine renewables industry has
an opportunity to develop in a more environmentally
sustainable way, and to make a positive contribution
to sustainable marine development.

This paper examines:
• The current drive for marine renewables,
including present plans and possible future
developments.
• Key criteria for determining whether
developments are truly within environmental
limits in the context of sustainable development.
• Whether current decision-making processes
can ensure that new developments meet such
criteria.
• How the provisions of the Marine (Scotland)
Act 2010, including the proposed new
marine planning system, might best address
environmental sustainability
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Part 1 The drive for marine renewables

Government targets for marine renewables
Scotland is on the cusp of profound changes to the
way it generates energy. These changes are being
driven by significant commercial opportunities,
a strategic imperative for security of supply
and a global climate crisis which is precipitating
a rapid transformation towards low carbon
energy technologies. Energy analysts predict that
marine renewables have a central role to play in
decarbonising the UK energy supply and meeting
carbon emissions targets.1 Moves to exploit energy
from renewable marine sources represent an
excellent opportunity for Scotland to develop a truly
sustainable marine renewables industry: one which
is able to plan, design and deploy technology in a
way which minimises environmental impacts while
tackling climate change.
The Scottish Government invested well over £100m
between 2007 and 2010 in the development of

the marine renewables industry, with a focus on
encouraging new technology and the infrastructure
necessary to place Scotland at the forefront of
renewable energy production in Europe.2 The
Renewables Obligation in Scotland, which uses the
income generated by electricity suppliers to support
the renewables industry, has been extended to
2040.3 Both UK and Scottish Governments have
supported renewable energy as a means of reducing
carbon emissions and delivering ‘sustainable
economic growth’.4 Indeed, alternative energy
production enjoys higher levels of investment than,
for example, energy conservation (i.e. reduction
in carbon footprint),5 which – with a third of
Scotland’s emissions coming from housing – is a vital
component of meeting carbon emissions targets.6
The recent Climate Change (Scotland) Act 2009,
reinforcing the provisions of the EU Directive on
Renewable Energy,7 sets statutory emissions targets
and requires public bodies to both contribute to

Scottish targets for renewable energy
Scotland is committed to reducing carbon emissions by 42% on 1990 levels by 2020 and by 80% on 1990
levels by 2050. It aims to achieve a headline target of 20% of total Scottish energy use, 40% of electricity
generation and 50% of gross electricity consumption (c. 8GW) from renewable sources by 2020, with an
interim target of 31% of gross electricity consumption (c. 5GW) by 2011.8

Sources of marine renewable energy
Marine renewable energy can be extracted from three main sources: wind, wave and tide. In addition
to these, there are also initial investigations into the feasibility of using marine algae to produce energy.
Scotland has an estimated potential electricity production of 46.5GW from marine renewables. Of this,
25GW is expected from offshore wind, 7.5GW from tidal power (25% of the estimated tidal capacity for
the European Union), and up to 14GW from wave power (10% of EU capacity). Total renewable electricity
generating capacity may be 60GW or more, considerably greater than the existing capacity from all
Scottish fuel sources of 10.3GW.9 On the assumption that renewable sources will operate at 30% of
theoretical potential, it is estimated that 5GW will be required to achieve the 2011 target of 31% of gross
energy consumption from renewables and 8.3–8.4GW to achieve the 50% target for 2020.10
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delivery and report on those targets. The Scottish
Government is also bound by the provisions of the
EU Marine Strategy Framework Directive (MSFD)
and the Marine (Scotland) Act 2010, which include
adopting an Ecosystem Approach, sustainable
development, marine planning, a network of marine
protected areas and achieving targets for marine
ecosystem health. These help to implement a range
of international policy commitments in relation
to halting biodiversity loss, marine protection and
sustainable development.11, 12 It is vital to build
strong links between actions – to generate energy,
to tackle climate change and to create a healthy,
sustainably managed marine environment – if
Scotland is to create a marine renewables industry
that is truly sustainable.

A snapshot of developments to-date
Offshore wind
Offshore wind is the most established marine
renewable technology in the UK. It is estimated that
25GW of electricity can be generated from wind
energy in the waters off Scotland. Yet the majority of
developments exist off England and Wales because
the inshore waters of Scotland were – until recently
– considered too deep.13, 14 Technology, however, has
now progressed sufficiently to allow turbines to be
installed in deeper water.
In February 2009, The Crown Estate offered
exclusivity agreements to nine companies and
consortia for 10 sites for wind development
within Scottish territorial waters (STW), with the
potential to generate 6.4GW of wind power. These
developments will require around 1300 offshore
structures at today’s 5MW turbine scale and a
capital expenditure of £15bn to £18bn by 2020.15
There are two sites in the Solway Firth; one off the
Mull of Kintyre; one off Islay; one off Tiree; one in
the Moray Firth and four in the outer Forth and
Tay adjoining Round 3 areas.16 Developers are able
to begin initial survey and consultation processes
but lease agreements will not be awarded for sites
until the completion of the Scottish Government’s
Strategic Environmental Assessment (SEA) for
offshore wind development within STW. Consent
for individual developments on these sites is

expected by 2012, subject to the SEA, with
construction and deployment taking place between
2014 and 2018.
Scotland has an estimated potential electricity
production of 25GW of offshore wind. Between
2011 and 2020, offshore wind in Scotland is
expected to move further offshore and to produce
1–4GW. Scottish Renewables, a trade body for
the renewables industry in Scotland, suggests
that 11.2GW of offshore wind projects have been
earmarked for development.17
The Crown Estate Round 3 process identified two
zones in the Scottish Renewable Energy Zone
(beyond 12 nautical miles), in the outer Moray
Firth and outer Forth, where Zonal Development
Agreements were awarded to developers in January
2010 for a total of 4.8GW.18 This represents over
800 larger 5.9MW devices. The Firth of Forth site is
adjacent to four wind sites in STW. The only deep
water offshore wind turbines currently in operation
in UK waters are two experimental prototypes,
delivering electricity to the grid via the Beatrice oil
platform 25km off the Moray Firth.
Leases for three wind demonstrator sites in STW
were announced in March 2010. These will be small
developments whose main purpose will be to test
the sort of physical structures needed to deliver
Round 3. Consents for these sites are expected by
2012–14, with construction following.
It is expected that all these wind energy
programmes will begin large-scale installation
by 2014–15, and that by 2020 around 3700 wind
turbines may be installed in sites within immediate
reach of Scottish manufacturing and installation
facilities.19
Wave and tidal energy
Scotland has considerable wave and tidal energy
resources, but technologies are not yet refined.
Over 20 designs are in development in the UK.
The European Marine Energy Centre (EMEC) in
Orkney is the main UK test centre for wave and tidal
technologies.20 An SEA for wave and tidal energy in
Scotland was completed in 2007.21
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In November 2008, The Crown Estate held the first
leasing round for commercial wave and tidal energy
in the Pentland Firth and Orkney Waters (PFOW).
Twenty companies bid for 42 sites, and seabed leases
were announced in March 2010 for six wave and four
tidal sites with a total of a 1.2GW installed capacity
by 2020.22 This is significantly higher than the
700MW target. An interim marine spatial plan for the

PFOW to direct renewables planning was produced
in 2010. In March 2010, The Crown Estate announced
a second leasing round for seven wave and tidal sites
off the west coast.23
Meanwhile, the Solway Energy Gateway is progressing
proposals to harness tidal energy from the Solway Firth.
The initial scoping process in October 2009 identified

Marine renewable devices under construction or in operation in Scotland (2010)
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Company/site

Output

Location

Status

Robin Rigg A&B
E.ON

60 turbines
Capacity 180MW
Generating 6MW

54 45 00N
03 41 00W
9.5km off Rock
Cliffe (Scotland)

In operation

Beatrice Wind
Farm demonstrator
project Talisman/
SSE

2 turbines
Capacity 10MW
Generating 5MW

58 06 20N
03 05 35W
25km off Moray
Firth, next to Beatrice
oil field

In operation

Siadar Wave Energy
Project

4MW

Active breakwater at
Siadar, North Lewis

Operation planned to commence 2011

Aberdeen Bay
Offshore Wind Farm

Up to 115MW

Aberdeen Bay

Offshore Wind Demonstration Site.
Exclusivity agreement awarded
August 2010

Isle of May

Small-scale tidal
device <500kw

Isle of May Special
Area of Conservation

PhD to understand natural heritage
sensitivities of a tidal device
No consents yet sought

Islay Limpet

Small-scale wave
device <500KW

Islay, Argyll

In operation

Islay

10 x 1MW tidal
devices

Off Islay

Intend deployment 2013

Fall of Warness test
site EMEC

5 test berths for
new tidal devices

Off Eday, Orkney

Openhydro
TGL (Tidal Generators Ltd) in the
process of deployment
Scottish and Southern Energy
Openhydro device in operation

Billia Croo test site
EMEC

4 test berths for
new wave devices

Off Mainland, Orkney

Oyster device in operation. Oyster 2
under development (3 linked devices
with total capacity of 2MW by 2011)
Ocean Power Technology device
consented and deployed 2010
Pelamis device deployed 2010
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five options: barrage, lagoon, reef, modular tidal stream
units and tidal stream array in the form of a tidal fence.
Of these, the barrage and lagoon options are thought
to have greater environmental impact than the more
innovative options currently short-listed. Further work
would be required to fully assess the environmental
impact of each one. A feasibility study into these
options is underway.24
Marine biomass
In 2009, the Scottish Association for Marine Science
(SAMS) began a three-year research project to
investigate the economic and environmental
feasibility of growing and processing kelp to produce
methane.25 There is also research underway to use
plankton to produce bioethanol.
Transmission network
Most UK marine energy resources are off the north

and west of the UK, often in remote places. There are
clearly issues of sustainability in the transmission of
electricity to urban centres. The national grid is not
currently able to cope with the scale of development
anticipated. Grid expansion on the north coast can
take place only once developers have submitted grid
applications, and will not be complete until at least
2014. The Crown Estate has concluded that an East
Coast Interconnector (an offshore cable running
down the east coast, to allow energy generated in
Shetland and the Western Isles to access markets
throughout Scotland) would be economically viable.
The Scottish Government has since approved plans
to upgrade a 137-mile (c. 220km) AC transmission
network of 600 pylons, upgrading an existing line,
running from the Highlands to central Scotland
(January 2010). There are carbon costs involved in
transmission, although efforts are being made to
reduce these.26

Best estimates of timeline for future development28
2009

3 test devices installed at EMEC increasing to 10 devices by c. 2011/12

2009

Exclusivity agreements awarded for 10 offshore windfarms in Scottish Territorial Waters (STW)
(Solway, Argyll, Hebrides, Moray, Tay and Forth)

2010

Lease agreements awarded for 3 wind demonstration sites in STW

2010

Lease agreements awarded for <20 commercial wave and 4 tidal lease areas in Pentland Firth
and Orkney Waters with 1.2GW installed capacity by 2020 (PFOW)

2010

Ad hoc application for consent for test devices and demonstration arrays off northern and
western coasts

2011

Further lease bidding rounds announced for wave and tide in Argyll, Western Isles and Shetland

2012–14 Construction commences for wave and tidal arrays in PFOW (subject to award of consents)
2013

Construction commences for offshore windfarms in STW (subject to conclusions of SEA and
award of consents)

2013–15 Construction commences for Round 3 offshore windfarms – Moray, Tay and Forth (subject to
award of consents)
2013–20 Commercial wave and tidal arrays in PFOW become operational (staged development at
each site likely)
2018

Offshore windfarms in STW in place and operational

2018–20 Round 3 windfarms in place and operational
(adapted from SNH, 2009)
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The National Renewables Infrastructure Plan
proposes the staged development of critical terrestrial
infrastructure to support marine energy development,
with the aim of establishing a competitive position
for Scotland in the industry market. It identifies 11
Scottish ‘first phase’ locations for rapid development to
provide manufacturing, maintenance and port facilities
and possible future locations on the Pentland Firth to
support the wave and tidal sector. The Infrastructure
Plan emphasises that planning and consenting will have
to take place quickly to meet the planned installation
timelines.27 A Strategic Environmental Assessment (SEA)
is expected on the Infrastructure Plan. The location of
transmission networks can drive significant terrestrial
development, with associated environmental impacts.
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The environment and climate change –
finding the balance

and the wider ecosystems that support marine
processes are not, unless they are integral to a
specific internationally protected feature. The
inadequacy of legislative protection is remedied
in part by the Marine (Scotland) Act 2010, which
provides for a new network of marine protected
areas for nationally important marine features;
the act also places a duty on public bodies for the
‘protection and, where appropriate, enhancement of
the health’ of Scotland’s seas. There is, therefore, a
strong national and international imperative for the
protection and enhancement of Scotland’s marine
habitats and species and of the ecosystems that
support them.

The extent to which marine renewables are or can
be environmentally sustainable is a broader question
than simply estimating the environmental impacts
from development. It has to take into account costs
and benefits both to the local marine environment
and to natural ecosystems as a whole. It has to be
based on a careful assessment of the net benefit of
a proposed development. That calculation is all the
more complex here because of the need to balance
both Scottish and global priorities.

There is now little doubt that climate change is
affecting both marine and terrestrial ecosystems.
The biodiversity impacts of ocean acidification on
organisms constructed from carbonates, such as
corals, are well-documented; but indirect effects on
biodiversity due to changes on the air-sea exchange
of CO2 – including stratification, upwelling, ocean
circulation and primary production – are less well
known.32 On land, ecosystem impacts of climate
change will be widespread.33

Many of Scotland’s marine habitats and species are
recognised as being of international importance,
and its position between sub-polar and sub-tropical
regions makes its marine ecosystems unique in
a global context.30 Among other internationally
important features, Scotland’s seas support nearly
half the seabirds in the EU, including the largest
northern gannet colony in the world; 36% of the
global population of grey seal and the world’s
most northerly population of bottlenose dolphin.
Scotland’s nationally important marine features
include most of the UK’s reported sightings of the
basking shark, most of the UK’s maerl beds, horse
mussel reefs, flameshell reefs, northern sea fan
communities and coldwater coral communities.31
While some internationally important sites and
species are protected, nationally important features

It is clearly desirable to reduce climate change
impacts on natural ecosystems, but it is also
important to ensure that they are healthy and
therefore as resilient as possible to these impacts.
It is essential to acknowledge the growing body of
literature demonstrating that a healthy, biodiverse
and well-functioning marine environment is a
resilient one, predicted to be much better able
to cope with and adapt to the damage caused by
climate change.34 The literature also shows that
protection of marine biodiversity supports the
complex functions of marine ecosystems, thereby
supporting the ocean’s critical role as a carbon
sink.35 The key issue here is not so much whether
renewables devices themselves cause environmental
damage – although devices in estuaries may directly
impact on carbon storage – but whether government

Environmental sustainability is one of the two
overarching sustainability principles and a
prerequisite for sustainable development.29 The
Scottish Wildlife Trust believes that the marine
renewables industry has an opportunity to
develop in an environmentally sustainable way
and to make a positive contribution to sustainable
marine development. This involves considering
two fundamental and interrelated issues for
environmental sustainability: climate change
mitigation and marine ecosystems.
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policy and action on climate change actively support
the wider health and protection of the marine
environment in parallel to promoting alternative
energy production.

migration paths. Such impacts would be damaging
not only for the sea’s ability to produce food, but
would compromise its health and resilience to adapt
to the impacts of climate change itself.

Marine renewables are set to play a central role
in meeting Scotland’s carbon emissions targets.36
Various estimates have been made of the life-cycle
carbon impacts of renewables devices,37 although
these are likely to change as technology develops.
One estimate for a hypothetical wave energy device
calculates a carbon payback time of 1 to 2 years,
although this is restricted to the structure itself and
does not take account of associated infrastructure
or transmission.38 Such estimates certainly point to
a net carbon benefit, although it would be helpful if
such calculations were transparent and systematic
within development planning.39

Clearly, a considered and precautionary approach
is needed to ensure that marine renewables develop
in an environmentally sustainable way.

Despite likely net carbon benefits, the various
marine renewables technologies do pose a range
of risks to the environment. There is still
considerable uncertainty around the extent of these
risks. Developments in shallow seas and estuaries,
such as tidal barrages, may pose risks not only to
ecology but to nutrient cycling and carbon storage.
Potential impacts from wind turbines range from
habitat loss and displacement of mobile fauna,
smothering or scour of seabed species to noise
and vibrational disturbance from construction.
Potential impacts of wave and tidal devices are
less easy to predict because of the wide diversity
of technologies. Predicted impacts will, however,
include disturbance, possible collision with devices
and impacts on foraging areas and migratory
pathways.40 Alongside these risks are possible
benefits: for example, from the creation of artificial
reefs and the exclusion of other damaging marine
activities from key areas of sea.
In addition to protecting marine ecosystems for
environmental conservation reasons, it is important
to ensure that they continue to provide essential
goods and services. It is essential to ensure that
large numbers of poorly planned marine renewables
devices do not impact at a broad scale on key
ecosystem functions and keystone species, like
plankton movement, sandeel nursery grounds or fish

The Scottish Wildlife Trust believes that marine
renewables can only be environmentally
sustainable where any damage caused by
development does not impact significantly on
ecosystem health, is reversible, and is outweighed
by the net benefit of marine renewables in
mitigating climate change-induced damage or
otherwise benefiting marine ecosystems.
Assessment of environmental sustainability
must take account of:
• The net carbon impact of development41
• Risk of damage to ecosystems as a result of
unmitigated climate change
• Risk of damage to Scotland’s marine ecosystems
from development
• Any environmental benefits from development
Given that this assessment is likely to be in part a
matter of careful judgement, the Scottish Wildlife
Trust believes that the most environmentally
sustainable approach is likely to be one that delivers
a net reduction in carbon emissions while also
maintaining the integrity and function of marine
ecosystems and avoiding damage to nationally and
internationally important features. This is essential to
maintain the sea’s natural capacity to deliver climate
change mitigation and adaptation as well as a range
of other essential goods and services.
It would be perverse for climate change mitigation
measures to exacerbate the environmental damage
already taking place as a result of climate change.
There will clearly be benefits in many respects if
marine renewables can be designed and located
to be either environmentally benign or positively
beneficial for the health and function of marine
habitats, species and ecosystems.
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The Ecosystem Approach to sustainability and
marine ecosystem objectives
The Scottish Government is committed through the
Marine Strategy Framework Directive and associated
domestic legislation to taking an Ecosystem
Approach to marine development and to achieving
Good Environmental Status by 2020. These are two
keystone principles which must guide the sustainable
development of the marine renewables industry.
The Scottish Wildlife Trust outlined its thinking on
what an ecosystem-based approach to conservation

could mean in practice in a previous Policy Futures
paper, Living Landscapes: towards ecosystembased conservation in Scotland.42 The paper makes
reference to the Convention on Biological Diversity
definition of the Ecosystem Approach, which
sets out 12 principles. The Ecosystem Approach
is an important tool for achieving sustainable
development as it is focused on defining the desired
relationship between human activities and the
natural ecosystems which host them. Increasingly,
scientists are advocating approaches which assess
the value of ecosystem goods and services. These
include the significant potential of sustainably

Principles of the Ecosystem Approach
The 12 principles are:

1.

The objectives of management of land, water and living resources are a matter of societal choice.
Ecosystems should be managed for their intrinsic values and for the tangible or intangible benefits for
humans, in a fair and equitable way.

2.

Management should be decentralised to the lowest appropriate level.

3.

Ecosystem managers should consider the effects (actual or potential) of their activities on adjacent
and other ecosystems.

4.

Recognising potential gains from management, there is usually a need to understand and manage the
ecosystem in an economic context. Any such ecosystem management programme should:
(a) Reduce those market distortions that adversely affect biological diversity;
(b) Align incentives to promote biodiversity conservation and sustainable use;
(c) Internalise costs and benefits in the given ecosystem to the extent feasible.

5.

Conservation of ecosystem structure and functioning, in order to maintain ecosystem services, should
be a priority target of the Ecosystem Approach.

6.

Ecosystems must be managed within the limits of their functioning.

7.

The Ecosystem Approach should be undertaken at the appropriate spatial and temporal scales.

8.

Recognising the varying temporal scales and lag-effects that characterise ecosystem processes,
objectives for ecosystem management should be set for the long term.

9.

Management must recognise that change is inevitable.

10. The Ecosystem Approach should seek the appropriate balance between, and integration of,
conservation and use of biological diversity.
11. The Ecosystem Approach should consider all forms of relevant information, including scientific and
indigenous and local knowledge, innovations and practices.
12. The Ecosystem Approach should involve all relevant sectors of society and scientific disciplines.

10
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managed marine ecosystems to provide carbon
sequestering services and improve resilience to
climate change impacts.43 The 12 principles provide
a decision-making framework to assist assessment
of the broader impacts and benefits to the marine
ecosystem of marine renewables.
The European Marine Strategy Framework Directive
(MSFD) – currently being implemented throughout the
EU – aims to protect, preserve and, where practicable,
restore the marine environment by applying an
ecosystem-based approach and putting in place

measures to ‘achieve or maintain good environmental
status’ in EU waters by 2020.44
The MSFD sets out 11 qualitative descriptors to guide
the achievement of good environmental status.45 The
Marine (Scotland) Act 2010 assists the implementation
of the MSFD by providing for marine plans to deliver
on a set of marine ecosystem objectives. Work to
identify a set of marine ecosystem objectives for
Scotland is on-going, but they must be based on these
qualitative descriptors.

Marine Strategy Framework Directive – qualitative descriptors of good environmental status
1.

Biological diversity is maintained. The quality and occurrence of habitats and the distribution and
abundance of species are in line with prevailing physiographic, geographic and climatic conditions.

2.

Non-indigenous species introduced by human activities are at levels that do not adversely alter
the ecosystems.

3.

Populations of all commercially exploited fish and shellfish are within safe biological limits, exhibiting
a population age and size distribution that is indicative of a healthy stock.

4.

All elements of the marine food webs, to the extent that they are known, occur at normal abundance
and diversity and levels capable of ensuring the long-term abundance of the species and the retention
of their full reproductive capacity.

5.

Human-induced eutrophication is minimised, especially adverse effects thereof, such as losses in
biodiversity, ecosystem degradation, harmful algae blooms and oxygen deficiency in bottom waters.

6.

Sea floor integrity is at a level that ensures that the structure and functions of the ecosystems are
safeguarded and benthic ecosystems, in particular, are not adversely affected.

7.

Permanent alteration of hydrographical conditions does not adversely affect marine ecosystems.

8.

Concentrations of contaminants are at levels not giving rise to pollution effects.

9.

Contaminants in fish and other seafood for human consumption do not exceed levels established by
Community legislation or other relevant standards.

10. Properties and quantities of marine litter do not cause harm to the coastal and marine environment.
11. Introduction of energy, including underwater noise, is at levels that do not adversely affect the marine
environment.

Living Seas
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The Scottish Wildlife Trust recognises the potential
impacts of climate change on Scotland’s marine
biodiversity, and supports Scottish Government
targets for carbon emission reduction and the
replacement of non-renewable with renewable
energy sources. It also accepts that marine
renewables can play a significant role in reducing
Scotland’s carbon emissions. It does, however,
believe that marine renewables development need
not and should not compromise the integrity of
Scotland’s unique marine habitats, species and
ecosystems.
Our starting position is that the most environmentally
sustainable approach is likely to be one that delivers
a net reduction in carbon emissions whilst also
maintaining the integrity and function of marine
ecosystems and avoiding irreversible environmental
damage. Only this would support the sea’s natural
capacity to deliver climate change mitigation and
adaptation, as well as a range of other essential goods
and services.

Four key criteria
The Scottish Wildlife Trust recommends the following
criteria to assess the environmental sustainability of
marine renewables:
1. Is environmental sustainability at the heart of
the decision-making process?
Decisions on deployment of marine renewables
should not be made purely on the grounds of
climate mitigation and/or economic opportunity.
The Scottish Wildlife Trust strongly believes that
in order for the marine renewables industry to be
environmentally and socio-economically viable in the
long term, decisions on deployment of installations
must be made consistently on the grounds of
‘environmental sustainability’.
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Central to the the concept of ‘environmental
sustainability’ is the protection of marine ecosystem
health; or, put another way, protecting marine
ecosystems’ ability to function and providing a
range of goods and services to current and future
generations.
2. Do the benefits of carbon emissions reduction
outweigh any damage to ecosystem health?
In the rush to achieve climate change targets and
realise economic opportunities, it is vitally important
not to lose sight of the net benefit versus cost
question. For some installations, longer carbon
payback periods in combination with damage to
ecosystem health may mean the deployment should
not proceed or should be located elsewhere. In
determining this balance, account must be taken of:
• Impact on the delivery of marine ecosystem
objectives for the relevant marine area
• Impact of cumulative and in-combination impacts
of development
• Impact nationally and internationally on
important habitats and species
• Impact on ecosystem functioning
• Whether a net cost scenario can be turned into a
net benefit scenario through careful mitigation,
compensatory and complimentary measures
(‘marine planning gain’)
3. Are important habitats and species protected
from irreparable damage?
Marine renewable energy developments should
comply fully with the EU Habitats Directive and
should not – either at individual development
scale or in combination with other prevailing
factors – cause long-term or irreparable damage to
existing sites or species of national or international
environmental importance. Where possible, they
should enhance existing natural habitats and
improve ecosystem connectivity.
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4. Does current practice take into account the 12
principles of the Ecosystem Approach?
Taken together, the Convention on Biological
Diversity’s 12 principles of the Ecosystem
Approach promote integrated management of the
marine environment. It is an approach which, if
implemented well, considers fully the cumulative
impacts of different pressures affecting the
underlying structure, function and key processes of
the marine environment.
The Scottish Wildlife Trust believes the Ecosystem
Approach should be applied to all strategic decisions
relating to the development and deployment of
marine renewables. The OSPAR Commission (Oslo Paris
Convention) now use the Ecosystem Approach as an
overarching concept for the basis of their work and
recently committed to ‘continue to further develop
tools that support the Ecosystem Approach, such as
integrated assessments, socio-economic analysis and
area-based management tools, including marine spatial
planning’.46

How does current decision-making perform
against the four key criteria?
The decision-making framework for the development
of marine renewables must meet the criteria for
environmental sustainability set out above if it is to
contribute to sustainable marine development. If the
decision-making framework at all levels meets the
criteria then specific proposed development can do
so too.
This section therefore applies the criteria to each
aspect of this decision-making framework:
criterion met
not fully met or uncertain
not met

Legislative and policy directions
By the beginning of 2010, a raft of legislative, policy
and strategic initiatives relevant to marine renewable
energy had been produced. These ranged from
the publication of an EU Directive on Renewable

Energy, the Climate Change (Scotland) Act 2009
and the Marine (Scotland) Act 2010 to the Marine
Renewables Road Map.47
The Climate Change (Scotland) Act 2009, which
was widely supported by government, industry and
environmental bodies, sets strong emissions targets
with associated duties and reporting procedures.
It also includes a duty on public bodies to act
sustainably and on Ministers to take advice on
‘environmental considerations and, in particular, the
likely impact of the targets on biodiversity’.
The Marine (Scotland) Act 2010 is of particular
importance for the future planning of the sector.
It establishes a statutory marine planning system
with a national plan and regional plans that must
deliver marine ecosystem objectives as well as a
new network of Marine Protected Areas (MPAs).
The Marine (Scotland) Act includes a general duty in
relation to furthering the achievement of sustainable
development, protection and, where appropriate,
enhancement of the marine area, and climate change
mitigation and adaptation.
Current marine renewables strategies show that
government and industry are working towards
their priority target of establishing an economically
competitive industry quickly in order to achieve
greater security of energy supply and to meet
emissions targets (see, for example, Renewable
Energy Framework (2008), Renewables Action Plan
(2009), Marine Renewables Road Map (2009) and the
National Renewables Infrastructure Plan (2010)).
Strategic environmental issues such as the
environmental sustainability of the industry and
carbon life-cycle impacts are not considered in these
documents. The Strategic Environmental Assessments
(SEA) associated with some of these documents touch
on certain environmental issues. The SEA for the
Renewables Action Plan concludes that environmental
impacts will not be ‘significant overall’. Where
specific potential negative environmental impacts are
identified there is an explicit assumption either that
they would occur whether or not renewable energy is
developed, or that mitigation would be adequate to
address them.48

Living Seas

15

Part 3

Key issues for environmental sustainability – legaislative and policy directions
• Whilst the Marine (Scotland) Act offers real opportunities for sustainable development, national marine
renewables strategies and associated SEA do not explore the full range of environmental sustainability
issues involved in tackling climate change through alternative energy. The environment is not central to
strategic decision-making on energy production.
• Although some informal sectoral planning has taken place, much of the strategic thinking, zone selection
and lease agreements for marine renewables will have taken place before implementation of the Marine
(Scotland) Act and roll-out of a formal marine planning system.

Relevant criteria
1 – Is environmental sustainability at the heart of the decision-making process?
4 – Does current practice take into account the 12 principles of the Ecosystem Approach?

Strategic planning: roles and responsibilities
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The Scottish Government has a Scottish Energy
Advisory Board, chaired by the First Minister,
which oversees the work of the Renewable Energy
Division and in turn oversees a range of matters,
from grid issues and consents to public sector
input.49 A linked government group, the Forum for
Renewable Energy Development in Scotland (FREDS),
is chaired by the Minister for Energy, Enterprise and
Tourism, and covers primarily industry and economic
interests.

In response to the policy drives and initiatives
originating from the Energy Advisory Board and
FREDS in partnership with industry, Marine Scotland
has attempted to develop the structures and
processes necessary for energy development to
take place within an environmentally responsible,
sustainable development framework. Effective
communication and collaboration between Marine
Scotland and the energy sections of government, and
government support for the status and resourcing of
Marine Scotland, will be essential for this sustainable
development framework to succeed.

Marine Scotland was created as the marine arm of
the Scottish Government in 2009. It is the planning
authority for the new marine planning system
and portal for the new streamlined system for
renewables consents established by the Marine
(Scotland) Act 2010.50

The major marine renewables planning group
established by Marine Scotland was the Marine
Energy Spatial Planning Group (MESPG), a one-year
time-limited group composed of statutory and
industry bodies. It was tasked with four strategic
strands of work:

The act places a sustainable development duty on
public bodies and provides for the establishment of
a statutory national marine plan and regional marine
plans covering the Scottish inshore, which must deliver
a set of national and regional-scale marine ecosystem
objectives. Marine Scotland is responsible for ensuring
Strategic Environmental Assessments are produced
for national strategies, plans and programmes and
is expected to take on the role of main Competent
Authority under the Habitats Regulations.

1. Develop marine planning/locational guidance
2. Simplifying consents procedures
3. Establish an environmental monitoring and
research strategy
4. Link to/facilitate regional initiatives
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The MESPG had responsibility for taking forward
the interim Marine Spatial Plan and Regional
Locational Guidance for wave and tidal development
of the Pentland Firth and Orkney Waters. It was also
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tasked with overseeing the SEA for STW wind. It is
to be superseded by a new high level group, perhaps
replacing FREDS, brought together by the Energy
Advisory Board. It is currently unclear whether and
how this new body will address environmental/
sustainable development and planning issues,
particularly as FREDS has no representation from
either statutory or non-statutory environmental
bodies.
The creation of a discrete stakeholder advisory
group – the Marine Strategic Studies Forum (MSSF),
subordinate to MESPG – was unsuccessful, in part
due to lack of government support. It is expected
that two existing groups – the Marine Strategy
Forum (MSF), chaired by the Cabinet Secretary for
Rural Affairs and the Environment, and the Scottish
Coastal Forum (SCF) – will be used to marshal
stakeholder input on marine renewables, but there is
some concern about the capacity of these groups to
do this.
At regional level, the Pentland Firth Marine Energy
Group (PFMEG), led by Marine Scotland and The
Crown Estate, provides input to the interim marine
spatial plan. Marine Scotland advocates that any
developing regional renewables planning groups
should adhere to the membership requirements
for marine planning partnerships in the Marine
(Scotland) Act in order to secure the right balance of
stakeholders and officials.51
The Scottish Environment Protection Agency (SEPA) is
responsible for delivery of obligations under the EU
Water Framework Directive and Water Environment
and Water Services (Scotland) Act 2003, including
ensuring that transitional and coastal waters to 3
nautical miles (NM) meet ‘good ecological status’.
Scottish Natural Heritage (SNH) advises Marine
Scotland on marine natural heritage issues as
they relate to marine renewables. SNH advice to
developers currently focuses on European protected
habitats and species, and has not yet broadened
to address the provisions of the MSFD and Marine
(Scotland) Act, particularly in relation to meeting
Good Environmental Status/ecosystem objectives
and safeguarding priority marine features.52

There has been no systematic approach to strategic
planning for marine renewables. The pace, scale and
location of future marine renewables development
has been determined primarily by The Crown Estate
(TCE) as landowner, which in turn has taken its lead
from government climate change policy and targets.
As a result, at the start of 2010, leasing rounds took
place in the absence of a national marine plan.
TCE owns, on behalf of the Crown, almost all of
Scotland’s seabed out to 12NM and has renewable
energy rights to 200NM. It has a duty to generate
revenue for the Treasury but is a de facto public
body, with what is essentially a stewardship duty
to have ‘due regard to the requirements of good
management’.53 Its key role in respect of marine
renewables is as lessor, and it is required to undertake
leasing rounds to comply with EU competition rules. It
offers leases conditional on whether the development
is granted the relevant statutory consents.
More recently, TCE has become increasingly proactive
in encouraging developers to help meet government
targets. Its leasing rounds for Round 3 – the Pentland
Firth and Scottish Territorial Waters (STW) – have
played a major role in galvanising and co-ordinating
commercial energies. It is co-developer for Round
3 wind sites, co-financing developments up to the
point of consent. It is not permitted to operate
developments. Its efforts to secure collaboration
between developers to address environmental
issues has demonstrated the advantages of a single
landowner/lessor arrangement, in contrast to the lack
of coherence which has sometimes been evident in
the planning of terrestrial renewables development.
In 2009, TCE confirmed that it is a Competent
Authority under the Habitats Regulations. It undertook
Appropriate Assessment for both Round 3 sites and
for the Pentland Firth and Orkney Waters. The Crown
Estate is a public authority under the Marine (Scotland)
Act, which will place a range of qualified obligations
on it, including general duties for the protection,
enhancement and sustainable development of the
marine area, reaching decisions in accordance with
marine plans, and duties in relation to helping meet the
conservation objectives for MPAs.
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Key issues for environmental sustainability – strategic planning
• The creation of Marine Scotland provides a useful single government body for the planning of marine
activities, with SNH and SEPA retaining their independent advisory roles. However, there is concern that
the energy development agenda is leading, and that environmental sustainability issues are not given the
necessary emphasis in strategic decision-making. In particular, zone selections and lease agreements have
taken place in the absence of a national marine plan or national marine ecosystem objectives.
• To redress this, emerging high-level government groups with a marine energy focus will need a balance
of representation from Marine Scotland, SNH and SEPA, as well as non-statutory environmental
stakeholders.
• In addition, Marine Scotland must be given adequate resources and status to provide the necessary
strategic planning and sustainable development input to energy decision-making within government. It
also needs to develop stronger internal processes to link, for example, its data and science capacity with
the development of planning tools.
• SNH advice to developers focuses on European protected habitats and species. In order to meet SNH
obligations under the MSFD and Marine (Scotland) Act, this advice must be broadened to include
priority marine features and marine ecosystem objectives. SNH will require adequate resources and
good strategic direction to achieve this.
• The Crown Estate and other public bodies will have to be made aware of and adhere to the broader
sustainable development and environmental requirements of the Marine (Scotland) Act as they engage in
marine planning.
• Wider stakeholder involvement in decision-making is very limited. The MSSF stakeholder advisory group has
failed, in part due to a lack of coherent government support. Developing structures for stakeholder involvement
– for example, use of the existing MSF and SCF – must ensure that roles and relationships are formalised and wellresourced to give stakeholders a meaningful role in strategic decision-making.

Relevant criteria
1 – Is environmental sustainability at the heart of the decision-making process?
4 – Does current practice take into account the 12 principles of the Ecosystem Approach?

Strategic Environmental Assessment
Strategic Environmental Assessment (SEA) is
designed to identify the significant environmental
issues resulting from strategies, plans and
programmes, and is a legal requirement for most
significant national development proposals.54
There is an inherent challenge in assessing the
environmental impacts of marine renewables
plans and programmes at such an early stage of
the sector’s development. This is especially so in
advance of any detail of the type and extent of
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developments and actual data on their impacts. This
fact – and particularly the paucity of environmental
data – has limited the usefulness of SEA as a tool
for the strategic selection of appropriate areas
for development. The SEA for STW wind will
be completed post-hoc, following considerable
developer investment in specific areas of sea. There
is no independent scrutiny of the SEA. Periodic
review of the SEA in connection with 5-yearly
reviews of marine plans, taking account of feedback
from project-level developments, will be essential if
SEA is to become a more useful tool in future.
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SEA – Wave and tidal
The 2007 SEA for wave and tidal energy covers the
Scottish marine area to 200NM and addresses a wide
range of issues.55 Nevertheless, its environmental
conclusions are limited by data availability and it
does not include estimates of carbon impact.56 As a
result, it is not as useful as it could be in the initial
identification of appropriate and inappropriate
areas for marine renewables development. Regional
Locational Guidance was developed in 2010 for wave
and tidal developments to supplement this.
SEA – Wind
In February 2009, TCE made 10 exclusivity
agreements totaling 6.4GW for marine wind in STW.
This was in advance of an SEA – initially deemed

by Scottish Government as unnecessary due to the
deep waters close to shore. However, with growing
commercial interest, an SEA was initiated in spring
2009 (for waters 0–12NM). This was completed after
the UK Offshore Energy SEA, which covers Scottish
waters between 12–200NM and English and Welsh
waters from 0–200NM.
The approach here could have been better –
conducting a single SEA for Scottish waters in their
entirety – but it should be noted that the Scottish
SEA has benefited from the UK SEA, which provided
useful information. It is promising that the SEA for
Scottish waters will categorise spatial areas into
three types – areas excluded from development,
areas with considerable environmental constraints

Key issues for environmental sustainability – Strategic Environmental Assessment
• The early stage of development of the industry, uncertainty about its scale or the extent of its
impacts and incomplete environmental data reduce the usefulness of SEA as a tool to assess whether
significant impacts will result from large-scale marine renewables deployment. It is of concern that
the 2007 SEA predicts only minor environmental impacts on the environment, relying on project-level
EIA and Appropriate Assessment to address actual impacts. SEAs for marine renewables pre-date the
implementation of the Marine (Scotland) Act, including marine ecosystem objectives and marine plans.
Periodic review of SEA in connection with 5-yearly reviews of marine plans, taking account of feedback
from project-level developments, will be essential if SEA is to become a more useful tool in the future.
• SEAs have, to date, been of limited use in zonal selection, although the SEA for STW wind will contain
spatial categories. The SEA for STW wind post-dates selection of leasing areas and initial exclusivity
agreements, reducing its role in strategic planning.
• Scottish territorial and offshore waters are covered by two separate SEAs and two separate authorities,
making a joined-up UK approach to strategic environmental issues more challenging, although Marine
Scotland is now the consenting body for both.
• There is no independent scrutiny of SEAs.
• Carbon life-cycle impact assessments do not currently figure in SEAs.

Relevant criteria
1 – Is environmental sustainability at the heart of the decision-making process?
2 – Do the benefits of carbon emissions reduction outweigh any damage to ecosystem health?
3 – Are important habitats and species protected from irreparable damage?
4 – Does current practice take into account the 12 principles of the Ecosystem Approach?
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and areas with limited environmental constraints –
paving the way for SEA to be more useful in zonal
selection in the future. Exclusive lease agreements
will not be issued until the SEA is complete.57

Firth and Orkney Waters is termed an ‘interim’
marine plan because it predates the formal marine
planning system and is centred on only one sectoral
interest.

While industry would have welcomed an earlier
SEA, the quality of the SEA has been enhanced by
the environmental data gathered and the initial
exploration of cumulative issues in relation to
proposed wind developments.

Case-study – interim Marine Spatial Plan for the
Pentland Firth and Orkney Waters with Regional
Locational Guidance (RLG)

The Crown Estate has since awarded Round 3 Zonal
Development Agreements in the Scottish offshore on
the basis of the UK SEA.

Regional planning
The Marine (Scotland) Act provides for regional
marine plans to balance the full range of competing
interests in key parts of the Scottish inshore. The first
regional plan for marine renewables in the Pentland

Stage 1 of the interim Marine Spatial Plan framework
(MSP) and draft Regional Locational Guidance (RLG)
were consulted on in March 2010 by the MESPG.
The approach taken to planning and environmental
issues is very promising. Among the issues identified
for consideration are the need to adopt an
Ecosystem Approach to management, the ‘need for
increased protection of nationally important habitats
and species not covered under European legislation’,
the requirements of the Marine (Scotland) Act
– including the new network of MPAs – locally
important habitats and species, and environmental

Aquamarine Power – the Oyster
The ‘Oyster’, being tested at Billia-Croo near Stromness for
Aquamarine Power, is the world’s largest working hydro-electric wave
energy converter. It converts nearshore wave energy into electricity
using a mechanical hinged flap connected to the seabed at around 10m
depth. Each passing wave moves the flap, driving hydraulic pistons
to deliver high pressure water via a pipeline to an onshore electrical
turbine. Multiple devices are designed to be deployed in wave farms
typically of 100MW or more. The ‘Oyster’ uses water as its hydraulic
fluid for minimum environmental impact. Its sponsors claim that it has
a minimal environmental footprint and is effectively silent in operation.

The Oyster © Aquamarine Power

SeaGen – Strangford Lough
‘SeaGen’ is the name given to the 1.2MW tidal energy convertor that
was installed by Marine Current Turbines Ltd in Strangford Lough, a
European Special Area of Conservation and Special Protection Area,
in April 2008. Pre-installation environmental monitoring began at the
site in May 2004 and a baseline environmental report covering benthic
habitats, marine mammals and seabirds was completed in August
2006. The environmental impact of ‘SeaGen’ is being monitored
continuously by an independent science team throughout the licensed
5-year installation period.
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data gaps. Importantly, there is acknowledgement
in the MSP of the need to maintain ecosystem
resilience against the impacts of climate change. The
MSP process has involved significant bathymetric and
environmental data collection, including seabirds,
(regional scale) benthic habitats, bathymetry and
proposed cetacean research. Both the Stage 1 MSP
and the draft RLG make reference to broad-scale
and cumulative impacts. The draft RLG identifies
areas of opportunity, but also considers the impacts
of multiple developments and encourages coordination between developers. It also refers to
device design in interactions with other sectors,
including the environment.
After Stage 1 consultation, the interim MSP and RLG
will progress to Stage 2, building the information
base, filling gaps and developing governance

structures. It is expected that this process will build
the foundations for a statutory MSP and underpin
RLG Stage 3, which could be completed in late
2011.58 Given these timings, the RLG will only be able
to inform the latter stages of development rather
than the early stages of planning.
Despite the fact that any planning process for the
Pentland Firth will come after the identification of
leasing areas and the agreement of leases, there is
some confidence that environmental issues are
being considered, albeit post-hoc. The interim
MSP and accompanying RLG are an attempt to
supplement the absence of a planning framework
and to provide a pilot model-based approach
to inform formal marine planning. However,
stakeholder involvement in the MSP and RLG process
has been limited to consultation and workshops.

Key issues for environmental sustainability – regional planning
• Marine Scotland has made a promising start, albeit later than desirable, to planning the sector in one area,
but this role will need to be fully supported and resourced elsewhere to ensure effective planning in the
lead up to the formal marine planning system.
• The RLG and MSP for the Pentland Firth and Orkney will be completed too late to inform zonal selection
and lease agreements.
• Stakeholder involvement in the MSP and RLG process has been more limited than would be expected in
formal planning.
• Environmental data collection over summer 2009 by Marine Scotland provides a valuable overview, but the
MSP acknowledges that environmental data collection by the Marine Scotland survey ship Scotia can provide
only a snapshot of what is there. Data are inadequate for certain key elements, including cetaceans.
• Cumulative and in-combination impacts and thresholds for development cannot be taken into account
in the interim plan because of the uncertainty of impacts from the wide range of wave and tidal
technologies, particularly in array or at large-scale.

Relevant criteria
1 – Is environmental sustainability at the heart of the decision-making process?
2 – Do the benefits of carbon emissions reduction outweigh any damage to ecosystem health?
3 – Are important habitats and species protected from irreparable damage?
4 – Does current practice take into account the 12 principles of the Ecosystem Approach?
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Formal marine planning is expected to take place
through Marine Planning Partnerships, which will
provide more direct engagement to stakeholders in
the plan-making process.
Marine renewables development in other sea areas,
for example Argyll and Shetland, will also pre-date a
formal planning system. Marine Scotland envisages
that these areas will not be subject to a wellresourced interim plan, like the Pentland Firth and
Orkney, but that planning will be limited to selected
strategic data collection.59 Planning for marine
renewables will require adequate resourcing to be
effective.

Device design and testing
Wind turbine design is fairly standard above
the surface, having the benefit of onshore wind
technology. Typical turbines each have the capacity
to generate 3–5MW, but technology is moving to
larger turbines. Currently, the height to the turbine
hub is around 70m, with 50m-long blades. Turbines
5MW and over are likely to be spaced at around
1km. To date, UK wind turbines have been installed
using mono-piles (a single foundation on the seabed).
They may also be multi-piled, or have large concrete
‘gravity’ bases. The cabling is usually laid using
ploughs and anchors to pull cables along the seabed.
The lifespan of a wind farm is expected to be up to

50 years. Current policy is for turbine bases to be
removed or cut back to the level of the sea floor
on decommissioning. The experience of the oil and
gas industry in anchoring devices may prove useful.
Developers are likely to decide on turbine design once
they understand their site, although this is likely to be
subject to regulatory input through the consenting
process. Further data collection is planned.
Wave and tidal devices vary greatly in design, with
over 20 different devices being tested in the UK
alone.60 They may be installed in the foreshore,
shallow estuaries, open bays and offshore areas,
and be anchored to the seabed using gravity bases,
anchors or piles. While several single devices will
have been tested at EMEC or elsewhere, the broadscale environmental impacts of a range of different
devices or arrays of devices are more difficult to
predict and monitor.
Equimar, a multi-partner EU project covering 11
countries,61 is using modelling to compare devices in
terms of ecological footprint. Although companies
may claim that they are minimising ecological or
carbon costs, actual impacts will remain unknowable
until full device/array deployment. It is likely that if
a device is shown to have very significant negative
environmental impacts commercial viability will
suffer and it may not receive consent.62 Once the
impacts of the various device designs are better

Key issues for environmental sustainability – device design and testing
• Ecological and carbon impacts are not always major influences on the market success of a device, although
serious ecological impacts would be likely to affect commercial viability. Device environmental assessment
should be formally considered alongside the engineering performance assessment.
• There is no means of fitting the most appropriate technology to the most environmentally-appropriate
site or of ensuring that devices are sited to maximise energy generation. This is difficult to achieve given
the early stage of the industry, but effective marine planning could ensure that this happens.

Relevant criteria
1 – Is environmental sustainability at the heart of the decision-making process?
2 – Do the benefits of carbon emissions reduction outweigh any damage to ecosystem health?
3 – Are important habitats and species protected from irreparable damage?
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known, there will be opportunity for the consenting
process to take this into account.
Initial results suggest that benthic impacts are within
natural variability and that there are not expected
to be significant seabird impacts. The device shuts
down when a marine mammal enters a prescribed
50m zone. Evidence is being used to refine and
adapt monitoring, with the possibility of moving
to an automated sonar system for shutting down
the device when necessary. However, it is unclear
whether shut-down can be an economically feasible
way of addressing environmental risks in the context
of commercial roll-out.

‘Deploy and monitor’ – a precautionary
approach
‘Deploy and monitor’ is an approach currently
under development by the Scottish Government,

and it is being discussed in broad terms for wave
and tidal devices. It may prove to have relevance
for wind. Policy guidelines or minimum standards
for implementation have not yet been agreed.
Nevertheless, it is already being widely advocated by
industry. ‘Deploy and monitor’ attempts to overcome
the perceived circular problem encountered by
industry that devices cannot be consented due
to lack of information on environmental impacts,
and that information on environmental impacts
cannot be collected in the absence of operational
devices. It is understood that the intention is to take
a phased approach to full deployment, beginning
with the installation of a single device following EIA
and monitoring each stage to show environmental
impacts are acceptable prior to expanding the
development. There is uncertainty over whether a
‘deploy and monitor’ approach, by its nature riskbased, can meet the absolute tests of the Habitats
Directive. Government is currently exploring this.

Key issues for environmental sustainability – deploy and monitor
• The terms and conditions for ‘deploy and monitor’ must be agreed by key stakeholders prior to roll-out
to ensure the approach adequately safeguards the environment.
• There is uncertainty over whether a ‘deploy and monitor’ approach, by its nature risk-based, can meet
the requirements of the Habitats Directive.
• Pressure for large-scale development may mean that a risk-based approach exposes important marine
features to serious levels of risk. This is of concern where developers have to limit their monitoring effort
according to their resources.
• Adaptive management and feedback into SEA have yet to be fully considered. Monitoring strategies
need to be geared to adaptive management as new tools emerge and knowledge increases.
• Small-scale deployment and monitoring does not necessarily provide the information needed to regulate
large-scale commercial developments.
• It is important that this approach does not act as a precedent for development and that scale-back can
be used to address any problems encountered once the devices are in place.

Relevant criteria
2 – Do the benefits of carbon emissions reduction outweigh any damage to ecosystem health?
3 – Are important habitats and species protected from irreparable damage?
4 – Does current practice take into account the 12 principles of the Ecosystem Approach?
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While it is difficult to take a position on ‘deploy
and monitor’ without further information, the
Scottish Wildlife Trust believes that a precautionary,
phased approach to development – underpinned
by excellent data, monitoring and adaptive
management, and based on spatial planning – is
likely to help ensure that the industry develops
sustainably. This phased approach should involve
starting with small-scale development that
avoids all but low risk areas, moving to a situation
where development, having been shown to be
environmentally benign, could therefore be
extended. Mitigation measures should be tested as
part of this approach, and monitoring results would
feed into adaptive management and SEA. There
should be a presumption in favour of the avoidance
of sensitive sites and species to prevent risk of
damage. It is essential that ‘deploy and monitor’
does not compromise Habitats Directive obligations.

Taking account of impacts on important
habitats, species and ecosystems
Levels of protection
A limited number of marine habitats and species are
protected under the Habitats Directive.63 There are
currently 34 marine Special Areas of Conservation
(SACs) in Scottish waters.64 Since August 2007, the
UK has had the legal mechanism to designate Special
Areas of Conservation (SACs) in the UK offshore area
under the Offshore Marine Conservation (Natural
Habitats &c.) Regulations 2007. Work led by the
Joint Nature Conservation Committee (JNCC) should
deliver sites in offshore waters to complete the UK
SAC network by 2012.
Certain species (European Protected Species),
including all cetaceans, are listed on Annex IV
of the Habitats Directive. Under the Habitats
Regulations (through which the Habitats Directive is
implemented in the UK), it is an offence to recklessly
disturb or to deliberately or recklessly kill or injure
any dolphin, porpoise or whale. Licences may be
obtained from Marine Scotland authorising activities
with potential to cause such disturbance or harm
(such as tidal turbine operation), but these are
granted under strict conditions.65
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The Bonn Convention – and specifically the
Agreement on the Conservation of Small Cetaceans
of the Baltic and North Seas (ASCOBANS) – obliges
signatories, including the UK, to apply a range of
research and management measures aimed at the
conservation of all cetaceans.
A few species, for example cetaceans and basking
sharks, are protected under the Wildlife and
Countryside Act 1981 from ‘reckless disturbance
or damage’ to 12NM. Not being a European
Protected Species, there is no requirement for an
EPS licence to authorise activities that could disturb
or harm basking sharks. However, strict conditions
apply relating to the nature of the activity and
the action taken to minimise or avoid impact.66
Seabirds are protected while at their nests, and
Special Protection Areas (SPAs) can be designated to
protect a few species (listed as rare or vulnerable on
Annex I of the Birds Directive, or that are regularly
occurring migratory species). Forty-nine existing
terrestrial SPAs have at least one seabird as a
qualifying interest. In 2009, it was announced that
31 Scottish SPAs were to be extended in marine
areas adjacent to the breeding site to include
essential resting and feeding areas. SPA coverage is
currently incomplete: seaward extensions are being
considered for red throated diver, terns and shags.
Work on offshore aggregations of non-breeding
seabirds has been in progress by JNCC for several
years.
Nationally and locally important marine habitats and
species – including those appearing on Scotland’s
biodiversity lists – do not enjoy specific statutory
protection, although the Nature Conservation
(Scotland) Act 2004 places a duty on every public
body and office-holder ‘to further the conservation
of biodiversity’ so far as is consistent with the proper
exercise of their duties.67 Ecosystem processes do
not currently have any statutory recognition or
protection.68
There is promise of improvements in the extent
of marine protection. The Marine (Scotland) Act
2010 places a duty on Scottish Ministers and public
authorities to ‘further the achievement of sustainable
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development and to protect and, where appropriate,
enhance, the Scottish marine area’. The Act also
provides for the creation of a new network of nature
conservation marine protected areas (MPAs), where
features of national and local community importance
can be protected, including rare, threatened or
representative features. It is expected that a network
of these sites will be designated by 2012.
The principles of ecological coherence, connectivity
and representiveness will enable ecosystems to be
considered in MPAs, and marine plans will have to
deliver on marine ecosystem objectives. Priority
marine features will also be considered as part of
wider seas planning outwith MPAs, although it is as
yet unclear what this will mean in practice.
Risk of damage – a snapshot
Scientific understanding on the predicted
sensitivities and impacts of marine renewables on
marine habitats and species is increasing at every
stage – from survey, construction and operation to
decommissioning – and much of it is being translated
into current practice.69 Different technologies have
different potential impacts. Understanding of wind
energy impacts is most advanced as a result of more
advanced developments elsewhere in Europe.70 It
remains the case, however, that the actual impacts
of large scale development of all technologies
in a Scottish setting will be uncertain until such
developments are in operation and the results of
monitoring are available.
Detailed studies of potential impacts of wave and
tidal devices based on best available evidence
have been undertaken as part of Appropriate
Assessment.71 The main sources of potential damage
from wave and tidal devices are believed to be
disturbance or displacement of key species during
construction and habitat loss beneath the device
footprints. During operation, the main risks are from
injury through collision with moving components,
disturbance due to operational noise, barrier effects,
changes to benthic habitats and loss of foraging
areas.

The main risks of impact from wind developments
during the construction phase are similar to wave
and tidal, with a particular concern over the noise
impacts of pile driving. Barrier effects, potential
changes to benthic habitats and foraging areas (both
positive and negative) are also considered important.
For benthic habitats, the main risks of damage are
predicted to be from:
• Smothering with waste materials during
construction (particularly reefs)
• Changes of hydrodynamic regime (from wave
and tidal devices or tidal barrage-type devices)
causing physical seabed changes
• Loss of intertidal area (from tidal barrage-type
devices)
• Localised seabed damage from installations
contacting the seabed
For seabirds, the main risks of damage are predicted
to be from:
• Collision of nocturnal and diving birds with
devices or associated installations (mainly wave
and tidal devices)
• Direct loss of foraging, breeding and wintering
habitat (for all technologies, but particularly tidal
barrage-type devices)
• Disturbance and displacement
• Increased predation by rats and mink where
devices give easier access to breeding sites72
For marine mammals, the main risks are predicted
to be from:
• Noise or vibrational disturbance and
displacement, particularly from vessels, side scan
sonar surveying, dredging, pile-driving and drilling
• Collision with structures (mainly wave and tidal
devices)
• The creation of barriers obstructing movement
to feeding grounds and other important life-cycle
areas73
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For fish, the main risks are believed to be from:
• Noise and vibration – sensitivity to the frequency
of sound varies across fish species
• Collision with operational structures (mainly wave
and tidal devices)
• The creation of barriers to migration
• Elasmobranchs (sharks, skates and rays) are at
risk from electromagnetic disturbance along
cable alignments
The risk of damage to ecosystem integrity and
function from marine renewables has not been
considered in any depth. The issue has been raised
that greater understanding is needed of a whole
range of ecosystem components, including water
column ecology and processes and the role of
benthos and fish within wider ecosystems.74
The growing body of scientific literature allows some
quantification of potential impacts. Nedwell et al.
(2004) developed a decibel (dB) scale to estimate the
effects of sound on marine species.75 Studies show that
certain levels of noise can damage hearing and even
kill fish76 and that pile-driving can cause temporary
or permanent hearing loss at close proximities.77
Porpoises can hear shipping from a distance of 1–3km
depending on the frequency of noise.78 Monitoring of
noise levels from pile-driving at Round 1 wind sites has
shown that noise levels can be high, although these
will vary according to the seabed type and installation
methods.79 Marine mammals are known to show
avoidance responses to pile-driving, with masking
of vocalisation and change in swimming direction
occurring as far as 20km or more from a wind farm
development.80 Studies during the construction of
two offshore wind farms in Danish waters revealed a
decrease in harbour porpoise abundance during the
construction phase at both sites.81 Operational noise
is believed to be less of a threat, although there are
concerns about the noise of larger turbines (5–6MW)
and tidal turbines.82 Fish are known to aggregate
around wind farm piles giving rise to concerns about
collision.83 However, there may also be benefits to fish
from the presence of artificial reef structures.84
The significance and gravity of these risks is greater
where a nationally or internationally important
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habitat or species is involved, where environmental
damage is likely to be long-term or irreversible, and
where apparently small impacts – cumulatively or
in-combination with other factors – pose a threat at
an ecosystem scale.
These risks, combined with the great uncertainty
surrounding the actual nature and extent of impacts
from marine renewables devices and the location
of at-risk marine features, suggests that a high level
of precaution and a phased approach is needed
in planning and deployment. Proposed mitigation
ranges from adjusting the timing and amplitude of
construction noise and turning off wave and tidal
devices when a marine mammal approaches, to
taking care to minimise damage to benthos. While
mitigation is desirable where it is shown to be
effective, it is the Scottish Wildlife Trust’s view that
there is currently an over-reliance on mitigation –
much of it untested – to address environmental risk.
As a result, development is being proposed within
or near internationally important sites supporting
protected species. A precautionary approach
suggests that sensitive sites and species should be
avoided until impacts are better known, and that
mitigation should be a last rather than a first resort.
Development should be scaled-up gradually to allow
for adequate assessment of cumulative and incombination impacts.
Assessing environmental impacts
All devices require consent from Marine Scotland.
Those above 1MW need a Section 36 consent which
requires completion of an Environmental Impact
Assessment (EIA).85 Schemes below the 1MW
threshold must be supported by documentation
considering environmental effects.86 Marine Scotland
guidance on EIA and Appropriate Assessment
(AA) for marine renewables, and SNH guidance on
survey and monitoring protocols to inform EIA and
AA and to establish post-construction impacts,
were produced in 2010. The Collaborative Offshore
Wind Research into the Environment (COWRIE)
data collection and research process (see Offshore
wind, page 28) has provided an excellent basis
for undertaking environmental assessment and
monitoring.
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Where a European protected site or Ramsar site
is likely to be significantly affected by a project or
plan, the responsible authority has to prepare
an AA before it can consent to the project or approve
the plan. A project or plan cannot be permitted if
it will adversely affect the integrity of that site/
species, except in very limited circumstances. In
practice, this offers a high level of protection to
these important sites. However, AAs do not have to
consider species on the list of European Protected
Species under Annex IV of the Habitats Directive: for
example, the majority of cetaceans passing through
EU waters.
Plan-level AAs have been completed for the
Pentland Firth and Round 3 wind sites. There are
inherent difficulties in preparing plan-level AAs
before the actual impacts of devices are clear. Data
and knowledge of impacts on habitats, species
and ecosystems are acknowledged to be a serious
issue even in the Pentland Firth, where data
collection has been targeted.87 Both the Pentland
Firth and Round 3 AAs conclude that there will be
no adverse effect on the integrity of European/
Ramsar sites and associated species, despite the
lack of knowledge on the extent or nature of
developments, and, in the case of the Pentland
Firth, on the technology proposed. The AAs are
able to support this conclusion on the basis that the
relevant authorities believe that identified mitigation
measures, future conditions to lease agreements,
regulatory consents and future project-level AAs
will ensure that no adverse effect will result. Even
where adverse impacts are identified under the
Habitats Regulations, development can still be
authorised where there is no alternative and there
are imperative reasons of overriding public interest,
although mitigation and compensatory measures
have to be taken.88
Marine Scotland, the authority for all marine-related
issues, commercial and environmental, is also the
regulator. SNH provides both advice on environmental
impacts and is a statutory consultee during the
consent process. SNH undertakes site condition
monitoring of European sites, although it has recently
discontinued site condition monitoring for seabird

SPAs due to lack of resources. Current SNH guidelines
recommend a minimum of two years of baseline
environmental monitoring data in preparation for
formal EIA, and post-construction monitoring.89
SNH’s power to object to a project on environmental
grounds is a vital tool in preventing environmentally
damaging development. While SNH has provided
advice to developers on wider biodiversity issues,
current SNH advice on marine renewables focuses on
European protected features, and has not yet been
broadened to embrace the requirements of the MSFD
and Marine (Scotland) Act.90
There are concerns that, in practice, it will be
difficult for SNH to object to projects, particularly
where damage will result to wider biodiversity
features that do not enjoy European protection.
SNH’s founding legislation places a duty on it
to promote the sustainable use of the natural
heritage.91 Where national or local biodiversity
is concerned, SNH undertakes a TAWPI (‘Taking
Account of Wider Public Interest’) assessment prior
to considering an objection to development relating
to a non-statutory site or species, in order to fulfil
its sustainable development obligations. SNH has
expressed concern that even ensuring compliance
with European legislation may make SNH appear
unsupportive of the industry.92
Although European Natura sites enjoy the highest
level of legislative protection, precedents are
being set for the establishment of marine
renewable developments within them, notably
with test devices in Strangford Lough SAC/SPA in
Northern Ireland.
The roll-out of marine planning may allow for the
identification of national priority marine features
and more effective screening-out of areas unsuitable
for development, as well as management to ensure
marine ecosystem objectives are met. The new
network of MPAs will protect certain priority marine
features, while it is hoped that others will be taken
into account through wider seas measures. Marine
Scotland and SNH will need to be fully resourced
and supported to enable them to deliver these
commitments.
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Environmental data collection and management
There is general consensus that baseline information
on important marine biodiversity and knowledge
about its interactions with marine renewables
devices needs to be more comprehensive, of
better quality and more accessible to ensure
that environmental impacts can be assessed and
addressed properly. In particular, the distribution of
national priority features and features of importance
for ecosystem integrity and function are very poorly
understood, as are impacts on these features.
TCE uses the Marine Resource System (MaRS), a
marine spatial planning tool which employs complex
sustainability indexing to identify potential areas
for sectoral development. It is updated as new
information becomes available, although intellectual
property rights mean limits on access to data.
MaRS cannot, for example, include environmental
information provided for the regulator, such as EIA
data. MaRS contains information on designated sites
and several data layers on wider marine biodiversity,
although this is given less weight during the initial
zonal screening process.93 The wider value to
decision-making of what is a potentially excellent
SMART tool is reduced by the fact that there is
no agreed consensus or transparency on how the
various types of data are weighted, and the tool is
not easily accessible for use by other bodies.
Marine Scotland is aware of the limitations of MaRS
and hopes to develop a central framework database
of unweighted environmental data, incorporating
commercial information where it is available.
There remains the issue that project-level data
relating to licences is often confidential. Marine
Scotland anticipates that an ongoing SNH project
to standardise monitoring protocols will provide an
opportunity for Scottish Government to set ground
rules in relation to data access.94
Offshore wind
COWRIE (Collaborative Offshore Wind Research
into the Environment) is a Crown Estate trust
fund set up in 2001 that acts as a hub for research
into the environmental impacts of offshore wind
energy, including funding, data management and
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dissemination. Its main environmental project areas
cover birds, marine mammals, acoustic impacts, fish,
shellfish and benthos. It is a very useful resource
and facilitates strategic planning, collaboration
between developers and data sharing, with some
relevance for wave and tidal development. However,
COWRIE is expected to end in its current form,
and it is uncertain whether it will be replaced.
The Crown Estate has also provided resources for
survey, including funding aerial surveys of all Round
3 offshore wind zones, as well as the east coast
STW regions and has identified around £700,000 for
further work on birds, mammals and fish.
Wave and tidal
There is no equivalent to COWRIE in the wave and
tidal sector, although some COWRIE research results
are relevant. In 2008, Fisheries Research Services
(FRS) produced a strategic research assessment
for wave and tidal.95 Various data gaps have been
identified, both by MESPG itself and by others.96
MESPG embarked on a gap analysis of wave and tidal
research in early 2010.97, 98 MESPG has responsibility
for co-ordinating strategic environmental research
with 37 research projects underway, of which five
are generic, 17 relate to seabirds, 11 to marine
mammals, 2 to habitats and 2 to fish.99
Marine Scotland has asked SNH to develop a project
plan proposing environmental data collection
and research for the next few years to provide a
more coherent picture of environmental issues in
the marine environment. SNH is closely involved
with identifying and undertaking research to
inform marine renewable development. Fifteen
discrete pieces of work are underway, but these
are largely focused on wave and tidal interactions
with European protected marine mammals and fish
species, and seabirds.100
Cumulative impacts and adaptive management
It is difficult to gain an overview of possible or
actual cumulative or in-combination impacts of
multiple devices or device impacts in combination
with other developments. This is partly because so
few devices have been deployed and impacts are
uncertain. The government target of 46.5GW output
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Key issues for environmental sustainability – habitats, species and ecosystems
Risk of damage
• The combination of risk and uncertainty in relation to impacts on important marine features suggests
that a high level of precaution and a phased approach is needed in planning and deployment.
• There is currently an over-reliance on mitigation to address environmental risk. As a result, development is
being proposed within or near internationally important sites supporting protected species. A precautionary
approach suggests that sensitive sites and species should be avoided until impacts are better known, that
development should be scaled-up gradually and that mitigation should be a last rather than a first resort.
Assessing environmental impacts
• Knowledge of the location of many features of national importance, or of importance for ecosystem
integrity and function, is still very limited, as is knowledge of the impacts upon them. This is likely to
remain the case unless resources are allocated to survey, monitor and protect these features.
• Currently, SNH advice on marine renewables focuses on European protected features, and has not yet
been broadened to embrace the requirements of the MSFD and Marine (Scotland) Act. There is concern
that it will be difficult in practice to safeguard important marine features that are not protected by
European legislation.
• In the absence of a marine planning framework and a strategic overview of appropriate areas for
development based on sound environmental data, a development-led rather than strategy-led
approach is being taken. Project-level EIA, and in some cases AA, often serve as the only way of
identifying important marine features. Feedback from project level to strategic level is not yet taking
place. This reactive approach does not provide clarity for developers or security of investment.
Environmental data collection and management
• Although COWRIE and MESPG have played an important role, there is no single co-ordinated data
collection and management system for marine renewable energy and no consistency in how data are
collected, stored, accessed and maintained.
• The costs of collecting baseline data are a particular issue with smaller-scale wave and tidal devices,
where testing the technology forms a high proportion of developer costs. Lack of resources could
compromise the quality of data collection by developers.
• Knowledge exchange and accessibility are a major issue. Even where data are available, there is often a charge:
for example, from organisations like the Sea Mammal Research Unit or Seazone. While TCE holds developers’
data and has the GIS decision support tool MaRS (Marine Resource System), there is no single accessible source
of developer information, in part due to commercial confidentiality. There seems to be little collaboration
between developers on data collection for wave and tidal devices, although TCE intends to improve this
situation. Knowledge exchange is poor across government and between developers and researchers.
• Research, baseline data collection and monitoring are not yet accompanied by effective and accurate
communication of results.
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Key issues for environmental sustainability – habitats, species and ecosystems
Cumulative impacts and adaptive management
• In the absence of a marine planning system with regular review of SEA and more comprehensive baseline
data, the issues of avoidance of sensitive areas, assessment of cumulative impacts, adaptive management
and the setting of an upper threshold for development to meet environmental limits are not addressed.
• Better management, sharing and access to monitoring data would help to ensure that cumulative impacts
can be predicted and avoided or mitigated, and lessons fed back into adaptive management.

Relevant criteria
1 – Is environmental sustainability at the heart of the decision-making process?
2 – Do the benefits of carbon emissions reduction outweigh any damage to ecosystem health?
3 – Are important habitats and species protected from irreparable damage?
4 – Does current practice take into account the 12 principles of the Ecosystem Approach?

from marine renewables based on the potential of
the energy resource equates to over 23,000 2MW
devices, or 9300 5MW devices, over the coming
years.101 Currently, lease agreements are for a total
generational capacity of 12.2GW – equating to 6100
2MW devices or 2440 5MW devices – in any case, a
significant level of development.102
No upper threshold for development based on
environmental limits has been set. SEA and Planlevel AAs are too indicative to provide a realistic
assessment of cumulative impact, so this issue is left
to project level. EIA legislation requires consideration
of cumulative impacts,103 and project-level AAs are
required to demonstrate that there will not be an
adverse effect on European site integrity, either
alone or in-combination with other plans or projects.
This is very difficult to assess or demonstrate in
practice at project level.
Partial evidence is the enemy of precaution.
Even where a single development is shown to
have insignificant impacts, multiples of such
developments, with multiple ‘insignificant’ impacts,
can potentially add up to a significant cumulative
impact.

30

Living Seas

There is currently no clear mechanism for adaptive
management, nor the baseline data necessary
to allow reassessment of impacts against a predevelopment state. Without such evidence, the
risk of a ‘death by a thousand cuts’ outcome is a
possibility. Decisions to scale-back development may
be difficult post-hoc because no single development
can be held responsible. This is one of the issues of
greatest concern for the environmental sustainability
of marine renewables development.
This serious shortcoming has clearly been recognised
by some players in marine renewables and there
is promise for future improvement. The industry
is at an early stage and can take steps to address
these concerns. It is hoped that the marine planning
process and associated SEA review will provide
the baseline data and feedback essential for the
assessment of cumulative impacts and adaptive
management. The Crown Estate has undertaken
some valuable work in ensuring development
collaboration between developers involved in the
exclusivity agreements for wind.104
Collaboration between wave and tidal developers
is more difficult to achieve as they tend to be small
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companies competing for a successful technology.
Cumulative impacts are also less easy to assess for
wave and tidal than for wind, because technologies
vary greatly in design and have not been deployed
as arrays outside test sites. Despite this, The Crown
Estate is proposing to set up a developers’ forum for
the Pentland Firth and Orkney Waters leasing round,
at which collaboration will be progressed. TCE is
also working with the Scottish Government to take
a regional approach to key receptors: for example
joint commissioning of bird surveys at regional
scale to inform assessments of ‘in-combination’ and
cumulative impacts.
As lessor for all marine renewables sites, TCE has
the ability to include obligations in lease conditions:
for example, requiring lessees to demonstrate,
as required by the Habitats Directive, that their
development will not have an impact on specified
marine wildlife, either singly or in combination.105

Potential for synergy between environmental
and renewable energy objectives
Inger et al. (2009) suggest that, if appropriately
managed and designed, marine renewable

developments could increase local biodiversity and
potentially benefit the wider marine environment.
Installations have the capacity to act as both
artificial reefs and fish aggregation devices, which
have been previously used to help restore damaged
ecosystems, becoming de facto marine protected
areas, which have proven successful in enhancing
both biodiversity and fisheries.
The Scottish Association for Marine Science is
undertaking research on artificial reef creation
in relation to renewables devices.106 Because the
industry is at an early stage, these issues have not
been fully addressed. Early exploration of these
possibilities by decision-makers and appropriate
research, device and array siting and design is
required to progress this effectively. It will also be
important to recognise that such artificial habitats
will not be appropriate in all ecosystems, and that
the ecological needs of each site will have to be
considered.
The Scottish Wildlife Trust strongly supports the
development of such synergies where they are
ecologically appropriate and sees this as a key
research priority.

Key issues for environmental sustainability –
synergy between environmental and renewable energy objectives
• Potential synergies with fisheries and biodiversity interests are currently given insufficient weight
in planning marine renewables developments. The Scottish Wildlife Trust strongly supports the
development of such synergies where they are ecologically appropriate and sees this as a key
research priority.

Relevant criteria
1 – Is environmental sustainability at the heart of the decision-making process?
2 – Do the benefits of carbon emissions reduction outweigh any damage to ecosystem health?
3 – Are important habitats and species protected from irreparable damage?
4 – Does current practice take into account the 12 principles of the Ecosystem Approach?
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Right: Beadlet Anemone (Actinia equina) © Laurie Campbell
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The future: what marine planning
needs to deliver
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Part 4 The future: what marine planning needs to deliver

Marine renewables can play a key role in reducing
Scotland’s carbon emissions, thereby helping to
reduce climate change impacts on biodiversity,
but there is uncertainty over the level of risk
to Scotland’s unique and often internationally
important marine biodiversity from marine
renewables development itself.
The Scottish Wildlife Trust would like to see
improvements in the current planning framework
for marine renewables development in order to
safeguard Scotland’s marine ecosystems and meet
MSFD and Marine (Scotland) Act requirements.
We have identified 10 areas which we believe should
be addressed by government, industry, NGOs and
other stakeholders, that would help to ensure the
environmental sustainability of marine renewables:
Lack of high-level links between energy and
environment sectors
High-level groups focused on energy production are
government/industry dominated, and environmental
sustainability issues are not fully integrated into
decision-making. Better co-ordination and shared
objective-setting across the energy/climate change
and marine environment/planning sectors of
government and SNH will better support sustainable
development and ensure compliance with the MSFD
and Marine (Scotland) Act.
Lack of adequate precaution
Economic and political drivers and the imperative
to deploy renewables to cut carbon emissions
have resulted in a development-led rather than a
strategy-led approach, with development taking
place in the absence of an adequate strategic
planning framework. A symptom of this is an overreliance on mitigation rather than the planned
avoidance of sensitive areas. The strategic approach
offered by the Marine (Scotland) Act will post-date
much marine renewables development activity.
‘Deploy and monitor’ may support precaution, but
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the approach must provide adequate environmental
safeguards.
Environmental sustainability
Although significant efforts are being made to
‘catch up’ to minimise risk to the environment, the
requirements of the MSFD and the Marine (Scotland)
Act have not been fully integrated into decisions on
energy production. The environmental and planning
sectors of government and public bodies need to
be adequately resourced and supported, and their
role in strategic planning for marine renewables fully
recognised. The important role of healthy marine
ecosystems in natural carbon storage and in ensuring
resilience to climate change impacts shoud be more
fully expressed in climate change policy. Design of
devices to benefit marine biodiversity has not yet
been prioritised.
Resources
Resources and capacity allocated to the
environmental and sustainable development aspects
of marine renewables planning are currently far
lower than the resources and capacity allocated
to the economic development of the industry.
Investment is required to address environmental and
sustainable development issues, from data collection
and research to establishing planning processes,
supporting planners and environmental regulators
and building capacity across public bodies and other
stakeholders.
Priority marine features and ecosystem function
While the Habitats Directive ensures that a limited
number of protected sites and species are taken
into account in development decisions, the potential
impacts of development on other priority marine
features and on ecosystem integrity and function
are not fully considered. In particular, SNH advice
on marine renewables development focuses on
European protected features and has not been
broadened to include MSFD and Marine (Scotland)
Act requirements.
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Environmental data
Baseline data and understanding of impacts on
habitats, species and ecosystems, although growing,
is still lagging significantly behind development
proposals. Data are insufficient for the assessment
of impacts on national priority features not
protected by the Habitats Directive – and on features
important for ecosystem integrity and function
– as well as the assessment of cumulative and incombination impacts.
Cumulative and in-combination impacts
The Habitats Directive allows, in principle, for
the cumulative and in-combination impacts of
development to be considered in respect of some
marine habitats and species, but there is concern
that speed of development and lack of baseline data
will make such impacts difficult to assess. While
the Marine (Scotland) Act may offer improvement
through regular review of SEA and marine plans,
there is uncertainty over how well such impacts will
be considered for features not protected under the
Habitats Directive.
Setting upper thresholds for development and
adaptive management
The Habitats Directive allows, in principle, for
developments to be scaled-back to reduce impacts
on some marine habitats and species. There is no
equivalent process for features not protected under
the Habitats Directive. In the absence of data and
policy advice on other priority marine features
and ecosystem functions, setting upper thresholds
for development and scaling back or amending
development for these features will be difficult
to achieve.

Third party engagement
There is currently no independent expert scrutiny
of key environmental documents, for example SEA.
Non-statutory stakeholder groups – for example,
communities and environmental non-governmental
organisations – are not yet adequately involved in
decision-making. Improved stakeholder involvement
could improve levels of trust, information sharing
and the quality of and support for decision-making.
The emerging marine renewables industry has an
opportunity to develop in a more environmentally
sustainable way, and to make a positive contribution
to sustainable marine development.
In order to do this, the Scottish Wildlife Trust
believes that marine renewables development
should deliver a net reduction in carbon emissions
while maintaining the integrity and function
of marine ecosystems and avoiding damage to
nationally and internationally important features.
Where ecologically appropriate, marine renewables
development should be designed and located
to benefit marine biodiversity. A healthy and
functioning marine environment will help to support
the sea’s natural carbon storage capacity, help to
ensure marine biodiversity is resilient to the effects
of climate change and support the delivery of a
range of other essential marine goods and services
like food production and nutrient cycling.
The provisions of the Marine (Scotland) Act and
associated management structures offer an excellent
opportunity to achieve this.

Carbon impacts
Initial estimates indicate that marine renewables
will deliver a net carbon benefit, but there is no
requirement to calculate and minimise carbon
impacts either as part of strategic development
decisions or at project level.
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Maximising environmental sustainability:
recommendations for implementation of
the Marine (Scotland) Act 2010
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Part 5 Maximising environmental sustainability: recommendations
for implementation of the Marine (Scotland) Act 2010
The Scottish Wildlife Trust believes that the provisions of the Marine (Scotland) Act 2010, if well implemented,
offer an excellent opportunity to ensure that the industry can meet the Scottish Wildlife Trust’s criteria and
develop sustainably. This legislation will establish a new statutory planning system of national and regional
marine plans, a set of marine ecosystem objectives which plans must deliver, a streamlined licensing system
and a new network of marine protected areas. The act includes general duties on Scottish Ministers and public
authorities. Essentially, this means building the Ecosystem Approach and associated ecosystem objectives and
tools for site and species protection into marine renewables planning.
The following schema illustrates how the provisions of the Act cascade to individual marine renewables projects:

Marine (Scotland) Act 2010
key provisions
• Duty to further the achievement
of Sustainable Development,
including the protection
and, where appropriate,
enhancement of the health of
the Scottish marine area
• Duty to act to mitigate and
adapt to climate change
• Duty to prepare and adopt
a national marine plan and
discretion to produce regional
marine plans
• Duty to include marine
ecosystem objectives (MEOs) in
national and regional plans
• Duty to monitor and report on
the effectiveness of plans in
meeting their objectives
• Duty to create a network of
marine protected areas (MPAs)
and review whether their
objectives are being met
• Option to consider
socioeconomics in the
designation of MPAs
• Duty to assess the impact
of prohibition or restriction
of activities within MPA on
the environment within and
outwith MPA as well as on
socioeconomic interests
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Marine Scotland and the
National Marine Plan
• National MEOs – Ecosystem
Approach – MEOs underpin
socioeconomic objectives
and place the environment
at the centre of sustainable
development
• National strategy based on
sustainable development,
taking account of carbon
impacts, integrating climate
change, energy and the
environment
• National data management
• Network of MPAs protecting
international, national and local
priorities
• Identified nationally important
marine features
• Planning process identifies
strategic zonal direction in
balance with other interests,
taking the Ecosystem Approach
• Reporting and review
between regional and national
levels provides for adaptive
management, reviewing
thresholds and areas for
development according to
environmental limits

Regional Marine Plans
• Regional MEOs – Ecosystem
Approach placing the
environment at the centre of
decision-making
• Plan-level SEA and AA
• Planning process identifies
appropriate zones for
development in balance with
other interests, taking the
Ecosystem Approach, finding
synergies where possible
• Regional Locational Guidance
(RLG) underpins planning,
taking account of international,
national, and, where
appropriate, local biodiversity
priorities, MPA network, device
design, cumulative and incombination impacts
• Oversight of deploy and monitor
and effectiveness of mitigation
• Reporting, review, data-sharing
between project, regional
and national levels provides
for adaptive management,
reviewing thresholds and areas
for development according to
environmental limits

Maximising environment sustainability

Marine Renewables Projects
Future Policy Directions
The Scottish Wildlife Trust believes that the following recommendations for future policy could help Scotland
achieve environmentally sustainable marine renewable energy:

NOW

THE FUTURE

The Challenge

What the Scottish Wildlife Trust believes the Marine (Scotland) Act and associated
management structures must deliver

Lack of high-level
links between energy
and environment
sectors

• The UK Marine Policy Statement provides a strong framework for sustainable
development, with environmental sustainability a guiding principle.
• There is co-ordination and shared objective-setting across the energy/climate
change and marine environment/planning sectors of government and SNH to
support sustainable development and ensure compliance with the MSFD and
Marine (Scotland) Act.
• Marine Scotland works with energy/climate change sections of government to
produce a Sustainable Marine Renewables Strategy to provide context for the
sustainable use of marine renewables.
• Emerging high-level government groups making decisions about the
development of marine renewable energy include a balance of environmental
and marine planning bodies as well as other key stakeholders.
• Marine Scotland works with energy/climate change sections of government to
ensure that incentives to drive forward marine renewables are ‘sustainability
proofed’ to ensure they do not encourage damage to marine biodiversity, and
encourage synergies between marine renewables and marine biodiversity
protection and enhancement.

Lack of precaution

• The Marine (Scotland) Act is fully implemented, following the principles of the
Ecosystem Approach.
• A precautionary, phased approach is taken to the scaling-up of marine
renewables development, underpinned by excellent data, monitoring and
adaptive management and accompanied by effective spatial planning. The terms
and conditions for this approach are agreed by key stakeholders prior to roll-out
to ensure adequate environmental safeguards.
• This precautionary approach avoids important habitats, species and ecosystem
functions and does not compromise Habitats Directive obligations.
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Part 5

NOW

THE FUTURE

The Challenge

What the Scottish Wildlife Trust believes the Marine (Scotland) Act and associated
management structures must deliver

Prioritising the
environment

• Marine Scotland and SNH are fully supported by government in their role of
integrating Marine (Scotland) Act and MSFD requirements into all aspects of
marine planning and development.
• A ‘sustainable development’ test is developed and applied to large-scale
developments as part of marine planning, to provide an index of sustainability for
planning purposes.
• Marine planning and associated SEA are based on a natural resource audit of plan
areas to allow identification of appropriate zones for development.
• Design and location of development benefits the environment where ecologically
appropriate, with the most appropriate technology fitted to the most
environmentally-appropriate site.

Resources

• Resources and capacity are targeted to ensure marine renewables meet Marine
(Scotland) Act and MSFD requirements and the industry develops sustainably. In
particular, resources are allocated to fill gaps in data collection and research, to
establish planning processes, support planners and environmental regulators,
and build capacity across public bodies and other stakeholders.

Protecting nationally
important marine
features and
ecosystem function

• Marine Scotland and SNH undertake provisional identification and mapping of
national priority marine features and features important to ecosystem integrity
and function at the earliest opportunity and these are taken into account in
development decisions.
• Regional Locational Guidance for marine renewables underpins planning and
takes account of internationally, nationally and, where appropriate, locally
important marine biodiversity, marine protected areas, sustainable device design,
ecosystem functions and cumulative and in-combination impacts.
• Sensitive habitats and species and important ecosystem functions are avoided.
• Best practice is developed and adopted by developers to ensure assessment of
environmental impacts is thorough and effective.

Environmental data

• The Crown Estate, regulators, SNH, eNGOs and research bodies work together to
establish and resource a national marine data management system, co-ordinated
research and monitoring programmes and improved data-sharing and knowledge
transfer between marine sectors, research and the policy and regulatory
community. This is directed in the short-term towards filling knowledge gaps and in
the long-term to providing good baseline data for all planned areas to aid a sound
understanding of marine renewables impacts on habitats, species and ecosystems.
• Gaps filled include identification, mapping and impact assessment in relation to
national priority marine features and features important for ecosystem integrity
and function.
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Maximising environment sustainability

NOW

THE FUTURE

The Challenge

What the Scottish Wildlife Trust believes the Marine (Scotland) Act and associated
management structures must deliver

Cumulative and
in-combination
impacts

• Review of marine plans and associated SEA provide an effective mechanism
for feeding project-level information back to regional and national plan level to
enable prediction, assessment and review of cumulative and in-combination
impacts on the full range of internationally and nationally important features.
• Marine Scotland, as the single marine authority, takes responsibility for dealing
with the wider consequences of marine renewables development on the marine
environment.

Setting upper
thresholds for
development
and adaptive
management

• Government ensures that marine ecosystem objectives are strong targets used as
part of marine planning to inform threshold-setting and adaptive management to
ensure development operates within environmental limits.
• Co-operation between authorities means that lease and consent decisions are
taken in accordance with marine ecosystem objectives and that strict conditions
are set to ensure developers minimise environmental and carbon impacts.
• A phased and well-monitored approach to development, review of marine plans
and associated SEA provide effective mechanisms for adaptive management,
including scale-back where appropriate. Decision-support tools are provided to
facilitate this.

Carbon impacts

• Marine renewables strategy and policy takes full account of the role of marine
ecosystems in carbon storage and resilience to climate change effects.
• There is a requirement to assess the full life-cycle carbon impact of marine
renewables development at strategic and project level.
• There is a requirement for devices to have an environmental and carbon impact
assessment alongside the engineering performance assessment.

Third party
engagement

• There is independent scrutiny of key environmental documents.
• There is full transparency and communication of the rationale for development
decisions.
• There are effective mechanisms for communication and, where possible,
collaboration, between marine sectors, the policy and regulatory community, the
research community, the eNGO community and local stakeholders. Developing
structures for stakeholder involvement ensure that roles and relationships are
formalised to give stakeholders a meaningful role in strategic decision-making
and to improve trust and buy-in.
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