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EXECUTIVE SUMMARY
OFFSHORE AQUACULTURE OPTIONS - SHELLFISH SPECIES
This study seeks to highlight the potential aquaculture options in terms of species and techniques that
might be considered in co-location activities with the renewable energy sector. It is important to note
that it is the wind farms and not necessarily the aquaculture approach that are offshore. Therefore the
types of aquaculture activities considered in this report are a mixture of nearshore techniques and
more truly offshore techniques designed for higher energy environments.
Short-term; The most obvious candidate for economically viable commercial culture operations in
offshore wind farms is the blue mussel (Mytilus edulis).
The North Hoyle trials by Deepdock Ltd. have proved that seabed mussel cultivation can be carried
out without any negative impacts on Wind Farm Operators (WFOs). Further work is however required
to fully assess aquaculture feasibility.
The technology to grow mussels offshore on fixed gear exists and now needs to be refined through
commercial-scale trials. These trials would also allow an assessment of environmental impacts and
economic performance of this technology used with blue mussels as an initial test species.
Medium-term; Once UK aquaculture operators have gained experience in operating in offshore
conditions then there will be an opportunity to diversify into other shellfish species.
Trials with the Pacific oyster (Crassostrea gigas) have shown that this species will grow successfully
offshore and that disease loads, risks of diseases and parasites may be reduced in the offshore
environment.
The native oyster (Ostrea edulis) has been successfully grown offshore using similar technology to
that used for Pacific oysters.
Medium to Long-term; The market demand for farmed king scallops would appear to make this
species worthy of investigation for offshore cultivation. However, a lack of hatchery seed and erratic
production levels of wild seed settlement may well hamper development of this species.
The European abalone is already cultured in France in nearshore conditions and it is possible that this
species may lend itself to nearshore wind farm sites where it can be serviced more regularly.
Lobsters for stock regeneration or enhancement are already produced in UK hatcheries. Any increase
in production of juvenile lobsters in Wales would require either the expansion of the existing North
Wales lobster hatchery or the development of new hatchery capacity.
At present, returns on seaweed cultivation for energy generation purposes would be too low relative to
production costs for dry delivered material to make this a viable option.
The existing hatchery techniques for the food-market macroalgae may still be economically feasible.
However, further research work is required to develop more economically efficient methods of
seeding, on-growing and harvesting for larger-scale production.

SHELLFISH MARICULTURE PERMISSIONS & LICENSING
Key aspects with respect to co-location reviewed in this report are the rights to and licensing required
in order to undertake marine aquaculture activities offshore, both outside and within a wind farm.
The results of a stakeholder data gathering exercise on licensing for offshore marine aquaculture are
presented. The main findings are summarised as follows:
•

There are no provisions under the Sea Fisheries (Shellfish) Act 1967 for licensing of seabed
cultivation activities beyond 6nm. However this is not thought to be a limiting factor on
expansion of offshore marine aquaculture. Were seabed cultivation activities beyond 6nm
thought to be viable then there is a possibility that under the Marine and Coastal Access Act
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•

2009 that Welsh Ministers may have the power to grant Fishery Orders out to 12nm, but this
requires further investigation.
A Crown Estate Lease could be used to license suspended cultivation activities out to the 12nm
limit but it is unclear what mechanism would apply in this respect beyond 12nm.

It appears that the lease for a wind farm granted to the Wind Farm Developers or WFOs for the
purpose of producing electricity includes the entire area encompassed by the wind turbines. No rights
are granted under the current lease agreements for WFOs or third parties to undertake any
aquaculture activities within offshore wind farms.
There appears to be uncertainty as to whether a Fishery Order could be granted for an area within an
offshore wind farm. This option would require investigation to see if this would be possible.
Three possible solutions to the issue of licensing of marine fixed gear aquaculture activities within
offshore wind farms have been proposed:

(1)
(2)
(3)

Areas requested for aquaculture activities are extracted from the wind farm lease.
Agreement with the WFO to a doubling of the leasing of rights within the wind farm.
The WFO requests an amendment to their current lease allowing them undertake marine
aquaculture activities within the wind farm.

These possible solutions would all seem to require the agreement and co-operation of the WFOs.
Therefore dialogue establishing how safe and compatible working practises could be developed is
considered essential.
There is a need for a review to be carried out of the following:
• Legislation covering licensing of marine aquaculture activities, both seabed and suspended,
beyond the 12nm limit.
• The legal status, in terms of licensing, of multi-functional use of a leased area within a wind farm.
Further recommendations:
• It is recommended that the extent and limits of the powers of Welsh Ministers to control the
sustainable exploitation of sea fisheries resources under the Marine and Coastal Access Act 2009
be investigated to ascertain if this would include the issuing of Several Orders (a type of Fishery
Order) out to 12nm.
• It is recommended that UK government and UK marine planning authorities be asked to consider
the policy or legislative changes that would be needed for UK waters in order to implement a
requirement for developers of new offshore renewable energy sites to carry out and evidence that
an investigation of the potential for co-location or multi-functional use of offshore renewable
energy sites has been undertaken.

POLICY DRIVERS
•
•
•
•
•
•
•

Marine spatial planning provides encouragement for co-location across Europe.
The Marine Policy Statement and Energy National Policy Statements offer the main
encouragement for integration of aquaculture within offshore wind farms in England and Wales.
In the UK, direct encouragement exists for artificial reef development in offshore wind farms and
mitigation that enhances populations of economically important species.
Encouragement for co-location of aquaculture and offshore wind farms in UK policy can be
interpreted through requirements for maximising use of space and co-locating industries where
possible.
Similar Marine Spatial Planning is taking place across many other EU Member States, principally
Germany, Belgium and the Netherlands.
More direct encouragement for co-location of the two industries exists in neighbouring EU Member
States’ policies, possibly as a result of the even greater demands on space in smaller national
waters.
Case studies reveal that marine planning is generally at a very early stage but co-location has
already been driven into practice by interest from aquaculture industries, aquaculture research
institutes and facilitation from wind farm developers.

_____________________________________________________________________________________________________
Executive Summary
Page 14 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

This aspect of the current report has been written to review the Policy Drivers that exist in England and
Wales to encourage co-location of aquaculture within offshore wind farms. These Policy Drivers are
then compared with Policy Drivers in other neighbouring European states.
Case studies are used to examine the practical steps that have already been taken to trial techniques
for co-location of aquaculture and offshore wind farms. The first case study reviews Deepdock Ltd.
and Seafish’s mussel cultivation trial in North Hoyle Wind Farm, North Wales. The second reviews the
research, development and trials of suitable aquaculture systems that have been conducted for
offshore wind farms in the German North Sea. Both case studies present the technical considerations,
ecological considerations, social and economic considerations and the applicable Policy Drivers for
each site.

OPERATIONAL ISSUES
From an operational perspective the co-location of aquaculture with offshore wind farms (OWFs)
presents a number of challenges. A number of compatibility assessments of marine activities have
been made, all of which indicate potential conflict of a moderate level of difficultly to accommodate colocation. However, the recent MMO co-location report made an important distinction between the
difficulty of co-location of aquaculture in the direct vicinity of the turbines as opposed to the possibility
of co-location within the wider OWF area. In theory, co-location is possible so long as appropriate
separation zones are provided – in practice, it is very hard to determine the magnitude of any
separation zone when world-wide there are no other commercial-scale examples of this type of colocation.
The Operational Sections of this report consider the compatibility of aquaculture with OWFs in terms of
the various risk factors from an OWF perspective. As technological solutions are a principle aspect of
making compatibility possible, various systems, infrastructure and equipment components are also
considered. Finally, practical implementation of these systems to attain compatibility is considered
from a Welsh OWF site specific context based upon the previous North Hoyle trial experience and by
developing working scenarios with Stakeholder partners.
The report has shown that important lessons can be learnt from other sectors such as the submarine
cable sector and its co-location interactions with OWFs. Similarly, technological solutions can be
borrowed from related sectors such as the enhanced Vessel Monitoring System developed for small
inshore fishing vessels, which is designed to provide regulators with high resolution real-time
positional and status data. Both of these components are vital to ensure that zone separation is
achieved through the setting of an appropriate proximity zones. This can then be monitored and
verified to provide assurance to the OWF sector. Although some further work can be progressed to
develop risk profiles to inform proximity zone discussions there are data gaps, particularly in relation to
the lack of offshore aquaculture fixed gear experience.
A number of recommendations have been provided of which the initial requirement will be the
formation of an Aquaculture & OWF Co-location Stakeholder Forum with capacity to assemble and
finance Task Groups to progress specific work-streams such as technical assessments, protocol
development and finally to support further offshore co-location trials. Ultimately, only a phased
programme of adaptive management will provide both sectors with the experience and confidence to
make co-location possible and with clear demonstrable benefits for all parties.
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SECTION 1 – CO-LOCATION PROJECT ORIGINS AND
OVERVIEW

1.1

Project Overview

In 2012 a project proposal for the current study was developed by Deepdock Ltd. and the
Sea Fish Industry Authority (Seafish) in collaboration with the Shellfish Association of Great
Britain (SAGB). Following an application by the SAGB, in October 2012 a European
Fisheries Fund (EFF) grant administered by the Welsh Government was awarded for this
work. This grant was to support a short project, to develop a pathway enabling and
encouraging the cultivation of shellfish in Welsh offshore wind farms. The project involved
desk-top studies and the development of links between the shellfish industry, off-shore
renewable operators and developers, regulators, academics and marine resource managers
to ensure that the study benefited from and included the multiple perspectives and interests
of many stakeholders.
The study aimed to build on a practical mussel cultivation trial undertaken by Deepdock Ltd.
with assistance from Seafish, at the North Hoyle Wind Farm site off Rhyl, as well as a project
funded by Collaborative Offshore Wind Research Into the Environment Ltd. (COWRIE, Ref:
Blyth-Skyrme, 2010) describing options and opportunities for marine fisheries mitigation
associated with wind farms.

1.2

Project Deliverables

The EFF Co-Location Project originally envisaged, two principal outputs, namely:
Aquaculture Opportunities - A review of past studies, policy drivers and
permission for shellfish cultivation within offshore wind farm sites
An Aquaculture Opportunities Report on the results of the review of past studies, policy
drivers and permission/licensing for shellfish cultivation within offshore wind farm sites, with
recommendations on what shellfish culture options appears most feasible and why, was
produced as the first output.
A Guidance Manual on how to cultivate shellfish within an offshore wind farm
site
This Manual will be relevant to operations involving the type of shellfish cultivation the above
review reveals as most practical in Welsh offshore waters, in the relatively short term. The
Manual will focus on the practical aspects of how and what would be required to cultivate
shellfish within an offshore wind farm site.
The two reports have been amalgamated in order to allow sharing and cross-referencing of
areas common to both output deliverables. It is hoped that this presentational format will
also allow the reader to gain a better understanding of how the project work has developed
over time. The Report is therefore structured (with colour-coded page footers) as follows:
•

Sections 1 (Project Origins and Overview), 9 (Recommendations and Conclusions)
and 10 (Planning Protocol) together with the References and Appendices are
considered common to both deliverable outputs.

•

Sections 2 (Aquaculture Opportunities), 3 (Shellfish Mariculture Permissions and
Licensing), 4A to 4C (Policy Drivers) and 5 (German Co-location) form the
Aquaculture Opportunities Report.
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•

1.3

Sections 6 (Operational Issues – Part A), 7 (Operational Issues – Part B), 8
(Operational Issues – Part C) form the Guidance Manual.

Why Co-locate Aquaculture and Offshore Wind Farms?

1.3.1 Co-location
Co-location, or placing several entities or operations in a single location, for efficiency and
mutual advantage is an idea that is increasingly being deployed in business, anywhere there
is a node of intersection of resource or specialist activity, e.g. data-sourcing, transport
interchange systems, inland ports. In this case we are exploring the co-location of
aquaculture – the cultivation of aquatic organisms for all, or part, of their life cycle under
controlled conditions – at Welsh offshore wind farm sites.

1.3.2 Co-location from an Aquaculture Perspective
The primary driver behind investigating co-location in offshore wind farms is for food
production although in the future, aquaculture for non-food purposes (e.g. bio-fuel) may also
be a possibility. The associated drivers of interest in undertaking exploration into the
opportunities associated with co-location relate to the efficient use of marine space, and to
the UK food security and aquaculture policy. Issues recognised by Defra that amount to a
strong case for developing and increasing aquaculture, particularly offshore include:
•
•
•
•

Food security
Population health
Improved environmental sustainability, and
Increased socio-economic activity

Sustainable aquaculture projects may facilitate the reaching of a balance between
conservation and development of marine resources, particularly where there can be colocation of complementary activities. The designation of more than 35% of Welsh marine
territorial areas (out to 12nm) as Marine Protected Areas means that there is increasingly a
need to look at co-location, either in terms of co-location of commercial and restricted
operations together, outside designated sites, or the co-location of appropriate operations
within designated sites, with appropriate controls and balances in place.
For more information see also:
http://archive.defra.gov.uk/foodfarm/fisheries/documents/aquaculture-report0904.pdf
http://www.defra.gov.uk/consult/files/120112-aquaculture-consult-doc.pdf
http://cymru.gov.uk/topics/environmentcountryside/foodandfisheries/fisheries/walesfisheriesst
rategy/?lang=en
http://www.guardian.co.uk/environment/2012/dec/06/doha-most-progressive-countrywales?fb=native&CMP=FBCNETTXT9038
The UK Government is committed to generating 30% of its electricity from renewable
sources by the year 2020 in order to reduce carbon emissions, combat climate change and
secure the UK energy supply. As it is likely a significant proportion of this will come from wind
farms sited off the UK coast, studies undertaken by COWRIE Ltd. have focused on
opportunities to support commercial fishermen and dependent fishing communities ashore to
operate in harmony with wind farms
(http://www.thecrownestate.co.uk/media/354771/2010%20Options%20and%20opportunities
%20for%20marine%20fisheries%20mitigation%20associated%20with%20windfarms.pdf ).
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1.4

Exploration of the Opportunities and Challenges Arising from
Co-location

1.4.1 Advantages and Challenges of Co-location to Aquaculture
The advantages to the aquaculture cultivation sector of co-location, particularly in relation to
further offshore (Round 2 and 3 developments), include:
Access to deeper waters, with greater currents, more nutrient-rich, cleaner,
detritus/pseudo-faeces more quickly dispersed etc.
There is a guarantee that mariculture operations will not [under normal
circumstances] be disturbed by shipping, which avoid the wind farms.
The more extreme water regimes mean that mussels and other molluscs may grow
faster, and deliver the possibility of greater returns on investment.
These waters are thought to be cleaner (less diffuse pollution) and free from healththreats prevalent closer to shore such as viral health threats e.g. norovirus (relevant
to oyster cultivation in particular), Harmful Algal Blooms. Shellfish subject to reduced
disease and parasite loads.
Economies of scale, possibility of increased mechanisation etc.
Wind farm developers will have excellent bathymetric data, which would be of value
to aquaculture projects.
There are disadvantages to the aquaculture cultivation sector of locating further off-shore:
o

Harsher high-energy conditions, more safety procedures required, more investment,
longer lead-in time, as yet untested technology.

1.4.2 Advantages and Challenges of Co-location to Developers and Operators
of Offshore Wind Farms
Advantages cited by offshore wind farm developers of planning co-location activities, may
include:
Social good, CSR.
Physical stabilisation of infrastructure – e.g. fixed aquaculture gear, and even bottom
cultivation can help to reduce scouring and eventually minimise the risk of subsidence
of monopiles.
Shared environmental / ecological monitoring (aquaculture operators undertake
surveying and monitoring, during the course of their operations – effective use of
skills, equipment and infrastructure).
Fixed structures such as rope-mussel farms effectively exclude other activities such
as the use of mobile fishing gear.
Improving community relations, particularly with fishing communities, and fishing
lobbies, which are perceived as powerful.
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Disadvantages cited by offshore wind farm developers of planning co-location activities,
include:
o

No obvious added value perceived for manufacturers / suppliers of wind turbines or
for the operators.

o

Attaching mariculture devices to turbine foundations could be a problem that requires
third party certification.

o

Potential to impede the operation and maintenance of wind energy production e.g.
risk of disruption to exposed inter-array and offshore substation cables.

o

Aquaculture may attract additional birdlife to the operational area, and therefore
increase the relative rate of bird mortality associated with the wind farm thus
increasing the environmental impact of commercial activities within a wind farm site.

1.4.3 Common Ground and Mutual Benefits
There were discussions in Project Partner meetings around the scale of interests and
investments made in respective elements of any potential co-location venture – notably the
wind farm operation represents a far greater financial commitment relative to any co-located
aquaculture initiative, and therefore there is unlikely to be any direct financial argument,
including cost savings during operation, that would incentivise co-location from a wind farm
operator’s perspective. Nevertheless, in order for co-location to be a viable possibility, it must
make commercial sense from the wind farm developer and/or operator’s perspective. Thus,
to a certain extent, it may be necessary or pragmatic in the short term, where there are no
external drivers or incentives at play (e.g. marine planning policy drivers do not contribute to
the balance of considerations at present), for the aquaculture project to adapt in order to
maximise the synergy benefits it offers to the wind farm.

Risk

Opportunity / benefit

The balance of risk and opportunity factors will vary
and be unique to the conditions and context in which
any particular co-location project is proposed
For example, some aquaculture projects might offer greater advantages to the wind farm
developers than others, e.g. co-location further offshore:
The further offshore a development is located, the more difficult it is to establish meaningful
relations with communities of interest, and show community benefit is derived from the
positioning of offshore wind farms, over and above the more universal benefit of the
environmental benefits associated with generating lower C-emissions energy. This is
confirmed by a study commissioned by the UK Commission for Employment and Skills which
indicates that there are real opportunities not currently realised in the UK for maximising
employment
and
skills
in
the
offshore
wind
supply
chain,
see;
http://www.ukces.org.uk/assets/ukces/docs/publications/evidence-report-34-maximisingemployment-offshore-wind-vol1.pdf
Thus, wind farm developers are expected to rise to the challenge of identifying effective ways
of delivering community benefit to affected communities once operations begin, to mitigate
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for any adverse local effects of construction and operation. Fishing communities are an
obvious community / community of interest expecting compensatory benefits (as the
COWRIE Ltd. studies indicate).
Furthermore, many studies, including those focused on Welsh projects such as the Pen y
Cymoedd Wind Farm, indicate that local communities benefit significantly and sustainably by
the inward investment in skills, services and manufacturing made by the wind farm
developers during construction and operation, more than through the 106 agreement
Community Funds, as money is circulated locally with multiplier effect.
Another pertinent factor beginning to come to light as the wind farm industry in the UK
matures is that the commonly adopted grant-funding type model of community fund
management associated with many of the early onshore wind farms, is problematic to
maintain and the contribution becomes increasingly difficult to distribute in a way which
satisfies local interests and needs. This creates challenges in terms of the corporate social
responsibility displayed by energy producers, and demanded of them, by themselves, to
secure their reputations as developers and energy producers of choice and good neighbours,
and demanded of them by regulators, in order for them to continue to grow their share of the
UK renewables market, and by the communities in which they wish to operate.
These considerations suggest that delivery of community benefit, at least in part, via
business-to-business collaboration (and trading), where all sides are equally committed to
effective and efficient delivery of contracts and maximising synergy, may be an attractive
option for the developers of offshore wind farms.
Some energy producers, e.g. in Hong Kong, have chosen to further minimise the operational
risks, including non-delivery of an effective benefit, by absorbing the aquaculture project into
their own business processes and control – employing local expertise, and taking over local
fishing fleets to service this subsidiary function, and undertake monitoring and environmental
management at the same time.
In most cases, this consolidation is not likely to be attractive to any stakeholders; rather,
effective collaboration might be deemed more appropriate and achievable. This must entail
exploration of potential eventualities and anticipation of possible events and incidents, putting
operational as well as contingency planning in place, and regularly reviewing plans and
procedures.

1.5

The Political Context in Wales

Welsh Government are consulting on a Welsh approach to marine planning, with the aim of
delivering Sustainable Development, maximizing the efficiency and value of ecosystem
services, including provisioning, regulating and cultural services. This will build on the UK
Marine Policy Statement. The Welsh Government works with the Marine Management
Organisation (MMO) on the cross-border areas of the Severn Estuary and the Dee, however
its approach to marine planning in Wales may be different to that adopted by the Department
for Environment, Food and Rural Affairs (Defra) and the MMO for marine planning in
England.
Can Marine Planning in Wales encourage and facilitate co-location projects?
An advantage available to Wales is that in Marine Planning in Wales there is one layer of
government less than in England, and compared to Land use planning, this may facilitate
some positive intervention from government. It has been seen during development of the
current study that from a political perspective co-location suggests a win-win scenario.
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SECTION 2 – REVIEW OF SHELLFISH AQUACULTURE
OPPORTUNITIES IN OFFSHORE WIND FARMS

2.1

Introduction

Offshore defined; As described in Section 1, there is increasing interest and a growing
need to move mariculture production offshore. Ryan (Ref: 2005) described the term
“offshore” in terms of aquaculture as the moving of farm installations away from nearshore
sheltered environments to more exposed environments, which are often described as “high
energy environments”. However, whilst it may often be that marine wind farms are in higher
energy environments, this is not always necessarily the case, and so for the purposes of this
study the term “offshore” relates primarily to the wind farm rather than the form of
aquaculture. It is possible therefore that in more sheltered nearshore wind farms, that some
forms of aquaculture may be considered which bear close resemblance to that of techniques
practised in lower energy environments. The caveat on this must always be however that the
wind farm assets should be protected from impact or interference from aquaculture
installations or operations if co-location is to be successful.
Shellfish Species; The main purpose of this section of the current study is to identify and
give an overview of the shellfish species most likely to be considered in the short to medium
term for cultivation within offshore wind farms. Cheney et al. (Ref: 2010) report that there are
a number of bivalve molluscs that can be considered in this respect with efforts to date
mainly focussing on mussel species due to their ability to naturally attach to substrates
through byssus threads. Other species that have been the subject of offshore farming
include, to a lesser extent, scallops and oysters.
There is a lot of research being undertaken at present looking at Multi-Use Platforms or
MUPS, and in particular combining wind and wave energy. Examples of the MUP concept
approach
include
MERMAID
(http://www.mermaidproject.eu/),
H2OCEAN
(http://www.h2ocean-project.eu/) and TROPOS (http://www.troposplatform.eu/). However,
this type of new technology is still very much at the concept stage and doesn’t reflect the
realities of working with the turbines and cable structures that are currently in use or that are
likely to be developed and installed in the near future. The focus therefore of the current
study into the co-location potential of shellfish aquaculture and offshore wind farms is on the
use of the space available away from the mandatory and potential operational exclusion
zones around wind farm assets. The aspect of exclusion zone sizing and a risk-based
approach to working within offshore wind farms is discussed in detail in the Operational
Issues Parts A to C (Sections 6 to 8).
Early work on the potential for multi-use or co-location of marine activities, and in particular
offshore renewable energy and aquaculture, was pioneered by Prof. Bela Buck at the Alfred
Wegener Institute in Bremerhaven (see Refs: Buck, 2002; 2004). Prof. Buck continues to be
active in this field of research and contributed considerably to Section 5 “The Future of
German Co-location”. There are already some examples in UK waters of commercial
shellfish fixed gear aquaculture activities that have moved beyond the traditional sheltered
and protected growing areas, such as estuaries, into what could be described as near-shore
locations. These are however often sited within the lee of headlands where they can escape
the worst of the prevailing weather conditions in that area. Examples include longline mussel
culture in St. Austell Bay (Cornwall) and Torbay (Devon) (see Section 2.4).
The mussel on-growing research trials carried out by Deepdock Ltd. in the North Hoyle Wind
Farm (see Case Study in Section 4 and Appendix for detailed description) are the only
known offshore seabed culture activities so far carried out in the UK. To date however in the
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UK there have been no known installations of fixed gear in what could truly be described as
offshore open water locations i.e. outside of sheltered locations. Indeed, Buck et al. (Ref:
2010) cite Langan and Horten (Ref: 2003) when they state that there was at that time only
one pilot-scale offshore mussel farm in the world.
In a survey (see Figure 1) carried out for the Irish and UK participant region of the Offshore
Aquaculture Technology Platform (OATP), in terms of potential species for offshore culturing,
the Atlantic salmon (Salmo salar) and Atlantic cod (Gadus morhua) were the two species
considered to have the most potential in Ireland and the UK. This was followed by the blue
mussel (Mytilus edulis). Some seaweeds considered to have potential included the
Laminaria spp., Alari spp. and Ulva latissima (Ref: Naughton, 2007).
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Figure 1: Potential species for culturing in offshore operations in Ireland and the UK, as
identified by participants.
(Ref: Naughton, 2007)

It is interesting to note the dominance of finfish in this survey given that there are also other
obvious shellfish candidates for offshore aquaculture that would require considerably less
research and development work before commercialisation was possible. Some of these
shellfish candidates are discussed in the following sections.
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2.2

Pacific Oyster Cultivation

2.2.1 Overview and Background to Cultivation Activities in the UK
At present oyster fisheries and aquaculture in the UK are based around the native oyster
(Ostrea edulis) and the Pacific oyster (Crassostrea gigas – see Figure 2) respectively.
Today, stocks of the once abundant native species remain at very low levels due to over
exploitation, the parasitic disease Bonamia, TBT pollution, mortalities due to previous severe
winters and competition from exotic pests such as the slipper limpet. The decline of the
native species has led to the development of the culture of an introduced species, the Pacific
oyster, which has proved to be an ideal candidate for aquaculture. However, uncertainty
currently exists in the UK over the potential effects of Pacific oyster farming on the wider
marine environment due to the potential for wild settlement (Ref: Syvret et al., 2008a) which
is in turn constraining existing and proposed Pacific oyster farm developments. Pacific oyster
farming development, in southern areas particularly, is also severely hampered by a lack of
suitable and available inter-tidal sites. For a general review of Pacific oyster aquaculture see
the following web-link for the FAO aquaculture guide;
http://www.fao.org/fishery/culturedspecies/Crassostrea_gigas/en

Figure 2:Inter-tidally grown Pacific oysters
(Source: Aquafish Solutions Ltd.)

The Pacific oyster is a filter feeding bivalve mollusc that in the wild can be found on the lower
shore and shallow sublittoral down to a depth of around 80m (Source:
http://www.marlin.ac.uk/speciesinformation.php?speciesID=3081). In terms of environmental
conditions for aquaculture, seawater temperatures above 8 – 9 oC for much of the year are
preferable for fastest growth, salinity should be generally above 25‰, a tidal flow of 1 –2
knots (50 - 100 cm second-1) is optimal as this will ensure a good supply of food, although
less (around 0.5 knots) is acceptable (Ref: Seafish Information Leaflet). In order to achieve
good growth rates the Pacific oyster must be grown within the primary productivity zone.
Pests, Diseases and the Offshore Environment; Oyster herpes virus (OsHV-1 μvar) is a
virulent viral disease of the Pacific oyster Crassostrea gigas. The highest mortalities occur in
juvenile oysters, however all life stages are thought to be susceptible to infection. The first
confirmed
outbreak
in
the
UK
was
in
Whitstable,
Kent
(Source:
http://www.defra.gov.uk/aahm/files/OHV-QA.pdf). There are now however wider containment
areas in that region which are shown in Figure 3.
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Figure 3: Oyster herpes virus Containment Area incorporating the River Blackwater Estuary
and the River Colne Estuary, Essex
(Source: CEFAS Map http://www.defra.gov.uk/aahm/files/CD04-2012-Confirmed-DesignationMap-Schedule.pdf - © Crown Copyright and database right 2009. All rights reserved. Ordnance
Survey Licence number 100022861.)

The Pacific oyster production of France has been decimated by ‘summer mortality events’
now identified as Oyster herpes virus. From 2008 to 2011 mortality notifications of between
40 to 100% have been reported in Europe for Pacific oysters (Source:
http://www.oie.int/fileadmin/Home/eng/Health_standards/aahm/2010/2.4.09_INF_OSTREID_
HERPES.pdf). In Jersey, mortality levels of up to 80% in juveniles/small oysters have been
recorded for both triploid and diploid stock (see Figure 4). To date only 110g+ animals do
not seem to have been significantly affected.

Figure 4: Half-ware Pacific oyster shown next to mortalities caused by Oyster herpes virus
(Source: Aquafish Solutions Ltd.)

The infectivity and associated mortality levels with this disease appear to be temperature
dependent. A review of the literature in this respect reveals that there are differing opinions
about at what temperature level infectivity rises but anecdotal evidence from Jersey would
suggest that this is about 18+oC which is in line with research by Samain et al. (Ref: 2012)
and Soletchnik et al. (Ref: 1999). Although the basis of the condition would appear to be
multi-factorial with a combination of disease, environmental and genetic aspects the potential
impact of sea temperature warming is likely to exasperate the impact. The option of culture
offshore therefore offers a potential solution to any future disease risks due to Oyster herpes
virus as on average the sea temperatures are likely to remain below 18oC for the majority of
the time. Pacific oysters could be cultivated for export to the French table market or as halfware for on-growing by French shellfish producers.
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Offshore environments may also be beneficial in terms of controlling other health issues for
shellfish. Pogoda et al. (Ref: 2012) investigated macro-parasitic infestation levels of oysters,
both Pacific and native (Ostrea edulis), as well as for the mussel (Mytilus edulis) between
natural coastal habitats (where found) and two offshore sites in the German Bight. Macroparasites such as the copepod Mytilicola orientalis, trematodes and polychaetes such as
Polydora ciliata are known to cause lower condition indices in heavily infested shellfish. This
study found that Pacific oysters in the nearshore environment carried M. orientalis sp.,
trematodes and P. ciliata. In contrast Pacific and native oysters held offshore had no macroparasites. This study therefore showed that there may well be commercial advantages to the
use of offshore sites in terms of macro-parasite control with the potential for increased
condition indices in this respect.
Native/Non-Native Status; Apart from disease, one other major decision when
contemplating Pacific oyster culture rests around its non-native status and whether or not to
choose diploid or triploid seed. This subject area and the various advantages and
disadvantages and approaches are considered in-depth by Syvret and FitzGerald (Ref:
2008) and Syvret et al. (Ref: 2008a). In brief, the Pacific Oyster Protocol described High
Recruitment Potential for diploid Pacific oysters where 825 degree days were attained by
July to September based on a biological zero of 10.55oC (Ref: Mann, 1979). When
considering the potential for offshore cultivation of diploid Pacific oysters, it is highly unlikely
that the temperature levels necessary to attain 825 degree days would be achieved in a
Welsh offshore environment and so there would very little risk of any spawning and
subsequent recruitment. In the event that spawning were to take place then it is likely that
the offshore location of the adult stock would reduce the chances of the larvae finding a
suitable settlement substrate within their window of opportunity in this respect. However, this
would of course be site specific with nearshore wind farms potentially having a higher risk of
achieving the necessary degree days for spawning and recruitment.

2.2.2 Harvesting Classification and Shellfish Hygiene
Harvesting Classifications; As the Pacific oyster is a filter feeding bivalve mollusc it has the
potential to bioaccumulate microbial contaminants as well as algal toxins that can cause
illness in humans. Of particular risk are shellfish that are either eaten raw or lightly cooked,
such as the oyster. Shellfish Classification under the Shellfish Hygiene Directive (SHD) was
drawn up to provide public health protection from the consumption of shellfish which are
accepted as being a potentially high risk food. The SHD provides a Classification scheme
according to shellfish flesh quality – which is in turn largely determined by the quality of the
harvest waters which are in turn protected by the Shellfish Waters Directive (SWD) providing
a linkage between pollutant loading, water quality and shellfish quality (Ref: Syvret and
FitzGerald, 2010a). The use of E. coli levels in bivalve molluscs as an indicator for
Classification of harvesting waters is readily justifiable on scientific grounds as the presence
of E. coli is evidence of recent contamination by human sewage or animal faecal matter. If
high levels of E. coli are recorded (C Class >46,000 cfu’s/100g flesh) then this can have very
serious economic impacts on shellfish growers as they are then required to either re-lay by
moving stock to cleaner water or heat treat the shellfish rather than sell them direct to the
market. Where ‘downgrades’ in Classifications from B to C take place then ultimately this
may put the shellfish farmer out of business as the extra work involved in relaying, or the
lower price received for heat treated shellfish, will often make the farm financially
uneconomic to run.
Whilst many European countries have a high percentage of Class A waters where growers
can sell direct to the market, in England and Wales these form only ~1% of beds placing
businesses at a disadvantage compared to foreign imports as many major retail chains will
only buy product from Class A waters. Shellfish from Class B waters require purification
which involves a typical capital installation cost of £50,000 to £150,000 and may incur
additional operational costs of more than £400 per tonne of product (Ref: Seafish, 2009).
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Despite significant investment in infrastructure and technology to remove faecal
contamination from public waste water discharges in recent years it has become apparent
that Classification status is decreasing and that agricultural inputs or ‘diffuse pollution’ remain
significant in many catchments and may dominate in some catchments at certain periods
(Ref: Syvret and FitzGerald, 2010b). Moving offshore therefore provides an opportunity for
shellfish producers to avoid the potential impacts of diffuse pollution on Harvesting
Classifications. There is also a potential that a greater number of A Grade Classifications
could result from a move offshore. The availability of stable Classifications will almost
certainly encourage confidence in this sector and is likely to lead to greater levels of
investment in the shellfish aquaculture industry both from internal and external sources.
Hygiene; Improvements in public health over the last century together with more effective
hygiene controls on shellfish production areas have meant that diseases such as typhoid,
paratyphoid fever and other gastroenteritis caused by the Salmonella spp. bacteria found in
sewage are now not so widespread. Non-sewage related bacterial illnesses include the
pathogenic Vibrio spp., especially V. parahaemolyticus and V. vulnificus. Lee et al. (Ref:
2008) provide an overview of these and other shellfish related illnesses.
The development of depuration or purification as a method of eliminating bacterial
contamination from shellfish dates back to the beginning of the last century when outbreaks
of typhoid fever associated with the consumption of sewage contaminated shellfish occurred
both in the US and Europe. The earliest depuration technique simply involved the relaying of
shellfish in clean seawater. The chemical sterilisation of seawater was developed ~1915 at
the shellfish research station at Conwy in North Wales and in the 1920’s the use of ozone for
water sterilisation was introduced in France, a technique that is still widely used in many
parts of Europe. It was not until the 1950s that the use of ultraviolet sterilisation of seawater
was introduced which proved popular as it did not leave residues or by-products in the
seawater (Ref: Lee et al., 2008). Operated correctly, modern depuration systems based on
UV sterilisation, ozonation or combinations of water sterilising technology (‘hybrid’ systems)
have proved to be extremely effective in reducing bacterial contamination levels within
shellfish and thus providing a safe food product in this respect.
However, in recent years it has been recognised that in Europe, viral contamination of
shellfish now plays a major role in shellfish related illnesses with norovirus being the most
common cause of illness (Ref: FitzGerald et al., 2010). The winter of 2009/2010 presented
an exceptionally high level of norovirus cases across Europe with around 70 oyster related
norovirus cases in Ireland and the UK.
Businesses are increasingly turning to selfmonitoring to limit expensive product recalls with outbreaks attributed even to Class A
shellfish (Ref: Doré et al., 2010). A recent EURL discussion document recommends that a
maximum acceptable level be determined for norovirus in shellfish. There is mention of
1,000 genome copies/g of norovirus being used to apply a decision limit in this respect. If this
limit was to be introduced then it appears that this would have a significant negative impact
on the current UK oyster cultivation sector.
Seafish report that in the norovirus detection study carried out of oyster farmers by CEFAS,
around 80% of the sites studied would exceed this level. Unfortunately, whilst depurating
shellfish is generally effective for the removal of bacterial contamination it is not effective in
removing pathogenic viruses such as norovirus. Research undertaken in New Zealand
demonstrated slow depuration of norovirus from Pacific oysters that had been relayed in an
uncontaminated growing area, with norovirus still detectable by RT-qPCR 8 weeks after
contamination (Ref: Greening et al., 2003). Numerous subsequent studies have supported
the general conclusion that viruses are far more persistent in shellfish than E. coli, however
reported rates of elimination vary widely. Certainly there is mounting evidence that norovirus
particles are selectively retained by oysters: Le Guyader et al. (Ref: 2006) have identified
receptors within oyster tissues that may be implicated in selectively binding different
norovirus strains, effectively preventing their elimination. More recently Maalouf et al. (Ref:
2010) observed that a carbohydrate structure, present only in digestive tissues that were
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specific for GI strains, appeared to be affected by seasonal variations in expression with a
peak in late winter and spring, a period when GI strains are regularly involved in oysterrelated outbreaks.
Whilst a discussion of the wider issues associated with the implementation of a workable
standard for norovirus levels in shellfish is outside the scope of this report, it does seem
possible that some form of norovirus standard will be introduced in the near to medium
future. This, coupled with a real issue of slow elimination rates of norovirus from shellfish,
together with the technical difficulties and challenges faced in trying to find some method of
successful depuration, all mean that any effective method of avoiding norovirus
contamination of shellfish will be of interest to the shellfish industry. It would seem logical that
the further offshore that shellfish are cultivated the less will be the problem posed by
norovirus contamination of these shellfish. This is not guaranteed however as findings in
research by Bangor University has shown when sampling for norovirus in mussels around
sewage discharge point in Kinmel Bay in North Wales. In this case high norovirus levels were
still recorded for NoV GII 2km to the east of the outfall although concentrations declined
steeply with distance both to the North and South. This behaviour appeared to be in keeping
with the hydrodynamic model predictions for the sewage discharge plume (Ref: Winterbourn
et al., 2013). It would seem therefore that for more nearshore wind farms, norovirus in
seawater may still be an issue and that an appropriate sampling and testing trial would be
warranted before commercial production is considered.
Whilst still to be proved, it would however still seem reasonable to assume that for wind
farms beyond the nearshore environment, that norovirus levels in seawater will not prove to
be an issue in terms of shellfish production. It would seem therefore that offshore cultivation
of Pacific oysters would offer the chance to avoid the problems associated with viral
contamination of shellfish, giving the offshore shellfish producer a major advantage over
many of the inter-tidal producers of oysters. An alternative way of looking at this may be that
oysters grown inter-tidally could be ‘finished’ offshore i.e. held in norovirus free offshore
waters until norovirus levels are considered to be at a level whereby there is no threat to the
consumer.
Emerging Issues; There are new emerging microbial threats which have implications to
both waters and bivalve shellfish of all species and which could become problematic in the
future. Vibrio parahaemolyticus and V. vulcanus, marine strains of Vibrio bacteria, are warm
water estuarine species whose increased incidence has been linked with climate change.
These strains are becoming widely spread in the marine environment and are particularly
associated with sediments. They can cause periodic problems such as following summer
storm events when conditions are optimal for growth with high temperatures and reduced
salinity. Antibiotic resistant E. coli are also an increasing cause for concern and can be
associated with waste water treatment works or with agricultural practices. As with norovirus,
offshore production would be likely to remove bivalve shellfish from likely contamination
sources in this respect.

2.2.3 Production Levels and Techniques
CEFAS state (Source: Shellfish News 35, 2013) that total farmed production for Pacific
oysters in 2011 was 754 tonnes which is a decrease on 2010 when 1,150 tonnes (Source:
Shellfish News 33, 2012) were reported as being produced and on 2009 when 1,356 tonnes
were farmed (Source: Shellfish News 31, 2011).
Seed Availability; As the Pacific oyster is the mainstay of oyster aquaculture in the UK,
seed has in the past, been readily available from a number of commercial hatcheries. With
the occurrence of Oyster herpes virus, biosecurity is now an issue and so generally imports
can no longer take place of seed from French shellfish hatcheries or half-ware oysters from
growers. Indeed, there is now a strong demand in France for seed oysters and especially for
half-ware oysters for on-growing. One South West of England grower has commented that
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obtaining larger seed can now be an issue and they have therefore introduced new
technology in the form of a Floating Upweller System (FLUPSY) that allows them to be able
to handle and on-grow the smaller Pacific oyster seed that is still available. CEFAS report
(Source: Shellfish News 35, 2013) that in 2011, 441 million juvenile Pacific oysters were
produced although there is no breakdown by size ranges given for this figure.
It is thought that should there be a significant increase in demand for Pacific oyster seed then
production capacity in the UK’s main shellfish hatchery would need to be increased to match
this. An example of the UK’s hatcheries ability to increase supply to match demand is shown
in the increase in production that has occurred since 2009, when 25 million seed oysters
were produced, to the current levels of 441 million oysters needed to meet demand from
French oyster growers (Source: Shellfish News 31, 2011). Such an increase in demand from
an offshore sector might well provide a new market for inter-tidal or FLUPSY on-growing of
small seed through to half-ware size for supply to offshore cultivation operations. This would
have the advantage for growers supplying a half-ware market of avoiding issues with
Classifications and shellfish hygiene and also potentially non-native issues if the oysters are
moved offsite before they are sexually mature. Details of UK shellfish hatcheries and oyster
seed costs are also discussed in Section 2.3.3.
Seed or ‘spat’ oysters are available in a variety of size grades, usually from 4mm to 30mm
shell length. The size grade quoted by suppliers generally refers to the size of mesh used to
sort the oyster seed (3mm to 14mm mesh). Part-grown or ‘half-ware’ oysters may also be
purchased from suppliers who specialise in this market. They are generally graded by
weight and are usually sold at between 4g to 15g. Larger sizes can also be purchased. As a
general rule, whilst larger seed is more expensive to purchase it does have the advantage of
lower mortality rates and less need for handling and grading. In terms of use offshore, the
higher energy environment would most likely mean that larger seed or even half-ware
oysters would be required if significant mortalities are to be avoided.
Current Production Techniques; Current farmed production of Pacific oysters is mainly
carried out in the inter-tidal zone. Containment methods include the use of the traditional
French poche method of bags and trestles, newer more three dimensional shellfish cylinders
such as the Aquapurse, BST Boddingtons system and ORTAC cylinders. Pacific oysters are
also on-grown on the substrate in managed parcs. There is also one known subtidal seabed
cultivation farm in operation on the South coast of England. More recently, fisheries have
developed in the South East of England based around dredging of wild settled Pacific
oysters.
Production Techniques in Offshore Wind Farms; Both the Pacific oyster and native oyster
have been subject to research to look at their growth characteristics in an offshore
environment. Pogoda et al. (Ref: 2011) undertook research in 2004 and 2007 into Pacific
and native oyster growth, survival and condition across varying sites in nearshore and what
they term as “real” offshore conditions i.e. high energy sites in terms of wind, waves and
current velocities. The results of their growth trials showed the following:
•
•
•
•
•

Both Pacific and native oysters grew successfully at the fully offshore sites with
growth rates of these juvenile oysters being comparable with oysters grown in
nearshore coastal areas.
Growth rates varied between sites with a general pattern of highest growth rates for
the sites further offshore.
Shell shape, in terms of marketable appearance of the oysters, was good at the
offshore sites.
Survival rates for the offshore sites were excellent for both oyster species (>99% in
the 2007 trials).
Condition index values (ratio of flesh mass to shell mass) for both species of oysters
were generally described as good.
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•

•

Only one relatively nearshore site (3nm from coast; 8.5m water depth; mud/clay
substrate) showed poor performance in the oysters. This site, characterised by a
high sediment load in the water column, had the lowest growth rates for both the
Pacific and native oysters. Oyster condition index was the lowest at this site and shell
shape was thought to have been influenced by sediment abrasion i.e. more energy
put into the development of a thick compact shell.
The only significant mortalities observed were also for this nearshore site with a high
level of native oyster mortality during the latter part of the trials. It is thought that this
mortality event may have been caused by either a high sediment-load in the water
column or perhaps sewage or contaminants in the water.

Pogoda et al. (Ref: 2013) studied the biochemical and elemental composition of these oyster
species to assess changes over the course of a growing season (April to October 2007).
Characteristics that were investigated included total glycogen, total protein, total lipid as well
as lipid classes and fatty acids. This research showed that whilst the juvenile oysters
showed differences in glycogen storage attributed to their age and reproductive status, they
all demonstrated a natural biological performance with general excellent physiological
condition indices during the growing season. Pogoda et al. (Ref: 2013) concluded therefore
that both species of oyster were suitable candidates for offshore aquaculture operations.
One aspect that would have to be considered when carrying out offshore cultivation, either
suspended with fixed gear or on the seabed, will be whether the oysters require ‘hardening’
before harvest. Hardening describes a process whereby the oysters are exposed to air at
regular intervals as this is considered to help lengthen shelf life post-harvest.
Seabed cultivation: In terms of offshore cultivation within wind farms, seabed cultivation of
shellfish offers an advantage over fixed gear aquaculture in that no fixed structures, e.g.
anchors, buoys, head-lines etc., are required to be installed. The currently operational
subtidal Pacific oyster farm is located in a sheltered shallow harbour. Juvenile oysters are
initially spread by deck washing from the aquaculture vessel and then left to grow to market
size. There is therefore no further handling or grading which means that labour input is
minimised. Oyster density on the seabed would most likely be in the range of 20-50 oysters
per m2 but could be up to 100 per m2. Harvesting is carried out using a ‘pump-scoop’
system and elevator mounted on what is termed an eco-harvester vessel. This system
works well in these shallow waters with relatively constant depth but is not designed for
operations in deeper water. Harvesting in deeper water could be effectively carried out using
the same dredge systems as used in the seabed cultivation of mussels in the Menai Straits
and as used in the North Hoyle trials by Deepdock Ltd. (see Appendix 4).
The water depth to which seabed cultivation of Pacific oysters could be undertaken will be
largely governed by the availability of their phytoplankton food source. If the oysters are
placed too deep, where primary productivity levels are reduced due to lower light penetration
or reduced mixing, then a consequent reduction in growth levels will occur. However, in
these higher energy offshore environments, the oysters would need to be placed at a
sufficient depth to avoid the impacts of waves which may cause movement of the shellfish, or
alternatively smothering, should sediments be mobile under these conditions. It can be seen
therefore that there is a balance to be struck between the need to supply the oysters with
sufficient food to promote growth whilst ensuring that they are sheltered from excessive
environmental disturbance.
Cultivation in weighted cages on the seabed is also a possible option in more nearshore
areas. This method of cultivation is described in detail in section 2.6.3.
As with any aquaculture activity at a new site, trials would need to be undertaken to properly
assess growth and mortality rates of the shellfish. See also Section 2.3.3 for examples of
water depths for wind farms off the North Wales coast.
Fixed gear cultivation: In France, carrying capacity has proved to be an issue in some of
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the semi-enclosed bays where intensive shellfish cultivation is carried out. This has led
growers to experiment with offshore oyster culture using various approaches. The BIM
AquaCulture Newsletter (No. 60) details some of the trials carried out in French waters.
They describe the decrease in production in the Marennes-Oleron area where production
levels for a typical Pacific oyster farm had dropped from 30 tonnes in 2002 to ~24 tonnes by
2005 with further decreases anticipated. Experiments have therefore been carried out
offshore of Etang de Thau in the Mediterranean whereby 24 longlines were installed at a
depth of 7m using a 24m service vessel (with 90m2 working area). Hatchery seed of 2g was
suspended in lantern nets in the spring of 2006 and by the end of June this had reached 10g
in size at which time it was transferred to other producers for on-growing. By the start of the
2007 winter these oysters had reached market size.
Other experiments have involved longline culture both for starting or finishing off oysters.
Growth rates have been good using both strategies with market size reached in 18 months
rather than the normal 3-4 years under culture on their trestle systems. Survival rates were
also better for oysters grown on the longlines for their first 6 months compared to those
grown on trestles for the full cultivation cycle (20% vs. 50% respectively).

Figure 5: Improvised French offshore cultivation system for Pacific oysters
(Source: BIM AquaCulture Newsletter No. 60)

However it should be noted that these trials are being conducted with improvised equipment
(see Figure 5) whereas there are now more purpose designed systems available that could
potentially increase the growth rates due to increased water flow through the systems whilst
minimising handling.
There are several purpose designed systems currently being produced worldwide. An
example of the Australian AquaTray system produced by TTP Plastics (Tooltech) is shown in
the Figure 6. With this system the trays can be separated by risers (as shown) or placed flat
together where smaller oysters are being on-grown or where sea conditions are rougher and
the systems may be subject to more movement.
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Figure 6: Australian AquaTray system being used in offshore suspended culture of Pacific
oysters
Top Left: Purpose built aquaculture vessel for use with AquaTray system
Top Right: AquaTrays being deployed offshore (marker buoy in background)
Bottom: AquaTrays after recovery from subtidal culture
(Source: Peter Hoare)

Figure 7 shows a Californian five-tiered lantern net system currently being used by the Santa
Barbara Mariculture Co. to farm Pacific oysters. Cheney et al. (Ref: 2010) describe how the
farm is 28 hectares (70 acres) in size and located about 1.2km (0.75 miles) off the Santa
Barbara coast. The farm uses twelve 137m longlines submerged to a depth of 6m and
running parallel to the shore in between 24 to 27m depth of water. The area receives 0.5 to
1m wind chop on a regular basis and 3m swell occasionally.
Extreme sea conditions are rare but may reach 6m swells and 60-knot winds. The farm is
serviced where possible on 2 to 4 days every week, year round. Testing is carried out each
week for algal toxins (PSP and ASP) and the water is also tested for faecal coliform levels on
a monthly basis and after heavy rainfall events. Cheney et al. (Ref: 2010) report that the
survival of the hatchery reared oyster seed is excellent under these offshore conditions.
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Figure 7: Five-tiered lantern net used for open water oyster culture. The main longline is shown
with the hydraulically driven retrieval block.
(Source: Cheney et al., 2010)

The 137m longlines are constructed of 25mm diameter rope with no metal connections. The
longlines are kept in place using concrete anchors designed to grip the ocean floor.
Longlines are reported to have an operational life of up to 7 years. Each longline can hold up
to 6.8 tonnes of shellfish. As shellfish grow then more floats are added to maintain the 6m
depth. At harvest a mechanical line hauler retrieves the head-line and the lantern nets
containing the Pacific oysters are swung on-board. The lantern net system doesn’t however
lend itself to mechanical handling and so servicing of these systems (e.g. cleaning of
biofouling) is a labour intensive process. Productivity and condition indices are both reported
as being high with oysters grown from 6mm seed to a market size of 100mm in 10 months.
The low culture densities and strong currents in the area are stated by Cheney et al. (Ref:
2010) to make it difficult to establish whether there are any effects on primary productivity
levels. There are no reported build ups of any debris etc. under the farm site. Marine
mammals travelling through the site (whales, seals and dolphins) are not reported to have
any interactions with the longlines. It is reported that the local environmental groups value
the shellfish farm which is partly due to a high degree of proactive interactions within the
local community.
As mentioned in Section 2.1 the Alfred Wegener Institute (AWI) in Germany has been at the
forefront of research and practical development trials aimed at promoting shellfish and
macroalgae cultivation within offshore wind farms. One species that has been investigated by
the AWI in terms of its potential for offshore culture is the Pacific oyster. Figure 8 shows an
experimental system that has been developed by Prof. Buck at AWI just prior to its
deployment in trials.
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Figure 8: Experimental oyster lantern system developed by the Alfred Wegener Institute
(Source:
http://www.awi.de/de/forschung/neue_technologien/marine_aquaculture_maritime_technologies_and_i
czm/research_themes/maritime_technologies/offshore_oyster_lantern/ )

It can be seen that the rigid metal frame allows two sets of five lantern nets to be held
securely in place. The structure itself is suspended below a buoy (shown in the right hand
image). This system also allows other species and systems to be trialled as can be seen
with the mussel rope in the left hand image and settlement material in the bottom section of
the frame in the right hand image.

2.2.4 Potential Interaction Type / Level with Offshore Wind Farms
This review of possible cultivation methods for Pacific oysters in offshore wind farms can
broadly be described in terms of either seabed culture or fixed gear culture. The interaction
level for aquaculture operations undertaking seabed culture should be relatively limited. The
main issues with respect to wind farm operations will be the presence and movement within
offshore wind farms of aquaculture vessels plus the use of a light dredge to remove shellfish
from the seabed. The methodology and technology involved would be comparable with that
used for the North Hoyle mussel cultivation trials by Deepdock Ltd. which is discussed in
Section 4C (and Appendix 4). The use of weighted cages is described in Section 2.6.3 and
the interaction level associated with this type of system is described in Section 2.6.4.
The likely options for fixed gear aquaculture will involve the use of short droppers to hold
either some form of lantern nets, containment cylinders or cage system suspended from a
buoyed head-line. In the event of a failure of the head-line it is likely that these containment
systems would sink to the seabed and so shouldn’t pose a threat to either wind farm assets
or service vessels. Free floating head-lines or anchor lines do run a risk of becoming
entangled with turbine structures or could pose a hazard to service vessels if not removed by
the aquaculture operator. The use of appropriate and secure anchoring systems (see
Operational Issues Part B, Section 7) should help to minimise any potential risk of anchor
drag and therefore movement of longline systems within the agreed exclusion zones
surrounding wind farm assets. The systems used would be subject to monitoring and
adaptive management to ensure that where any unforeseen failures or other system issues
are observed, then steps can be taken to ensure that lessons are learnt and mitigation
measures put in place.
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The Operational Issues Parts A to C (Sections 6 to 8) describe in detail how safe working
practises could be developed by aquaculture operators working with wind farm operators.

2.2.5 Economics and Markets
Economics; Whilst there are published studies that have sought to offer an overview of the
likely economics of offshore mussel production (e.g. Ref: Buck et al., 2010) there appears to
be very little literature available concerning the economics, either actual or predicted, of
offshore Pacific oyster culture. In many ways this is to be expected given the current low
level of actual offshore production that takes place. An overview will be given in Section
2.2.5 of the predicted economics of offshore rope-mussel production based on an economic
analysis by Buck et al. (Ref: 2010) however this is of course based on theoretical
assumptions which need to be tested under commercial-scale culture conditions (Prof. Buck,
Alfred Wegener Institute, pers. comm.). The Sea Fish Industry Authority Hyperbook series
does include an Economic Modelling Tool for approximate calculations of economic
performance of differing culture scenarios (e.g. seabed and suspended) for a range of
shellfish species. This tool could in theory be used to model various performance indicators
from cash-flow through to Net Present Value (NPV) or Internal Rates of Return (IRR)
calculations. These Economic Models do allow the user to assign costs to various
production scenarios and also have the capacity to build in user-defined costs. Whilst
obviously not designed for offshore aquaculture operations they could offer a rough guide to
help define likely performance of differing aquaculture approaches to offshore culture. These
Economic Models have also been used by Aquafish Solutions Ltd. in funding applications to
the Marine Management Organisation for the European Fisheries Fund.
Oyster age at harvest when under cultivation will be site dependent but is likely to be around
18 to 24 months (>75mm shell length) with a harvest size of between 70 to 100g per oyster.
Based on a low density of 20 oysters per m2 for seabed cultivation this would give a total
number of oysters per hectare of 200,000. Using a current market value of ~€4.00 per kg
(~40 cents/oyster) for undepurated stock being sold into France (Tony Legg, Jersey Sea
Farms, pers. comm.) this would give a total value per hectare of cultivated seabed of
€80,000 or £67,800. Section 2.2.3 described an offshore fixed gear system currently in use
for Pacific oyster production off the Californian coast. It appears that whilst this system has
generally proved itself to be effective in the offshore environment, Cheney et al. (Ref: 2010)
state that there are several constraints that are currently limiting their daily production
capacity. The offshore operation is currently based around the use of small, mobile highspeed boats that allow the farm to access their site and return to shore in time to sell direct to
the distributors who meet them at the dockside. However this does mean that on-board
processing, such as washing and bagging, is limited to ~3,000 oysters per day. An
advantage of this approach is that it is stated as keeping overall operating costs low,
presumably due to a reduced level of capital expenditure, with an increased shelf life of the
product. The company appear to be interested in expanding operations, including new
species, by investing in technology based around their ethos of speed, mobility and flexibility
in order to combat the offshore environment.
Markets; In terms of the final market, oysters are usually sold live in-shell. A variety of
processed and value-added products are being developed, either by growers or by their
customers, e.g. flash frozen in the half-shell, although this is still very much in developmental
stages. There is a small but dedicated market for oysters in the UK for which UK growers, up
until recently, had been under pressure from imports from France and Ireland. This had led
to a stabilisation or even a decrease in the selling price of the stock in many areas. However
the occurrence of Oyster herpes virus in France and the massive stock losses (see Section
2.2.1) that this has caused in the last few years has meant that there has been a shortage of
supply into the European market. This has encouraged exports into France with a
consequent increase in market prices that can be obtained for UK producers. France is the
primary market for production by Jersey growers with current exports estimated at around
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950 tonnes per annum. Prices achieved by Jersey growers in the French market for
undepurated product for the table market are stated to be €3.80 to €4.50 per kilo which
equates to £3.22 to £3.80 per kilo at current exchange rates.
The losses through Oyster herpes virus have also resulted in a strong market demand for
half-ware stock for on-growing by the French industry, a market that is currently being
targeted by some growers in the South West of England. However there are signs that
breeding programmes within France may be starting to help tackle this disease issue and so
long-term high French market prices and under-supply cannot be guaranteed.
It is reported that market evaluation of the Pacific oysters produced by the Santa Barbara
Mariculture Co. has placed them in the premium category which consequent strong sales
potential (Ref: Cheney et al., 2010). It seems likely that this strong market evaluation and
demand will be due to a combination of market perception of the ‘clean and pristine’ offshore
product combined with the physical realities of a shellfish product that will be free of macroparasites, both internal and external, including copepods, trematodes, polychaetes and
nematodes (See Ref: Pogoda et al., 2012 for further discussion of parasites in offshore
shellfish culture). There are also plans to cultivate Pacific oysters as part of the Catalina Sea
Ranch offshore shellfish development. They state on their web-site that “the Pacific oyster
which is the most widely farmed oyster species in the world amounting annually to 4.2 million
metric tons worth $3.5 billion. Its large size, vitality, resilience to adverse conditions,
resistance to diseases, rapid growth and reproductive capacity has been a tremendous
success for cultivation. Americans consume about 700 million farmed oysters per year.”
http://www.catalinasearanch.com/Catalinasearanch.com/Market.html).
This
(Source:
proposed offshore shellfish farm development is described in detail in Section 2.4 covering
mussel cultivation.
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2.3

Native Oyster Cultivation

2.3.1 Overview and Background to Cultivation Activities in the UK
Currently there is little culture of native oysters (Ostrea edulis) practised in the UK due to the
perceived difficulties in rearing this species when compared to the Pacific oyster. Supply for
markets therefore relies predominantly on wild caught oysters which are dredged in areas
such as South West England, the Solent and in Essex. A successful technique for culturing
native oysters could help to provide a sustainable source of native oysters for the market. For
a general review of native oyster aquaculture see the following web-link for the FAO
aquaculture guide;
http://www.fao.org/fishery/culturedspecies/Ostrea_edulis/en

Figure 9: Wild caught native oyster
(Source: Aquafish Solutions Ltd.)

Native oysters are widely distributed around the British Isles but less so on the east and
north-east coasts of Britain and Ireland. The main stocks are now in the west coast of
Scotland, the South East and Thames estuary, the Solent, the River Fal, and Lough Foyle.
O. edulis is associated with highly productive estuarine and shallow coastal water habitats on
firm bottoms of mud, rocks, muddy sand, muddy gravel with shells and hard silt. In exploited
areas, suitable habitat is/has been created in the form of 'cultch' - broken shells and other
hard substrata (Source: http://www.marlin.ac.uk/speciesfullreview.php?speciesID=3997).
In terms of environmental conditions for aquaculture, seawater temperatures above 8 – 9 oC
for much of the year are preferable for fastest growth and exposure to low air temperatures
should be avoided as this can kill oysters. Salinity should be generally above 30‰, a tidal
flow of 1 to 2 knots (50 to 100 cm second-1) is optimal as this will ensure a good supply of
food, although less (around 0.5 knots) is acceptable. The longer the period of immersion the
better the growth rate, although some exposure is preferable in order to promote shell
hardness before harvest. Areas where the waters carry a very high silt burden should be
avoided as this can cause smothering. Also, areas where poor water exchange exists
should be avoided as this may result in oxygen depletion, particularly during warm weather,
which can weaken or kill the stock (Ref: Seafish Information Leaflet). In order to achieve
good growth rates the Pacific oyster must be grown within the primary productivity zone.
Pests, Diseases and the Offshore Environment; Bonamiosis is a disease of the native
oyster, Ostrea edulis, affecting both wild and cultivated stocks, and is caused by the
infestation of a protozoan parasite, Bonamia ostreae. It was first recorded in Europe in the
1970’s following the investigation of oyster mortalities in French shellfish farms. The first
recorded incidence in the British Isles occurred in 1982 in the River Fal. Although the disease
can produce mortality rates as high as 80% in affected oysters, within the UK the prevalence
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of Bonamia is relatively low, and typically reaches 10-20% with relatively low levels of
mortality (up to ~20%) (Source: http://www.defra.gov.uk/aahm/files/Guide-Bonamiosis.pdf).
Whilst mortality levels in low density wild stocks may be relatively low, culture of native
oysters in high densities does run a risk in B. ostreae positive areas that high mortality levels
in stock may occur. The UK operates restriction zones where Bonamia has been isolated,
preventing the movement of susceptible stock from a controlled zone into a clear area.
Bonamia exitiosa is also known to cause high mortality levels in affected stocks of native
oysters and whilst considered to be an exotic disease to the European Union, it was found in
O. edulis in north western Spain in 2007 and then subsequently in southern Spain (linked
with imported oysters from Italy), the Adriatic coast of Italy and then in France in 2007/08.
Unlike with B. ostreae, Pacific oysters are thought to be a transmission vector for B. exitiosa
(Ref: Woolmer et al., 2011). This new form of Bonamia, B. exitiosa, was identified in the UK
after investigative work on the River Fal native oyster stocks. However it has now been
confirmed that this area, and therefore the UK, is considered free of B. exitiosa (Mike
Gubbins, CEFAS, pers. comm.).
Macro-parasites can also be an issue for native oysters in terms of either their impact on
general oyster growth performance and condition or in terms of the visual appearance of
what is considered to be a premium oyster product. A wild caught native oyster with light
tube-worm fouling is shown in Figure 10.

Figure 10: Light tube-worm fouling on a wild caught native oyster
(Source: Aquafish Solutions Ltd.)

Section 2.2.1 describes how offshore culture trials in the German Bight with suspended
native oysters (Ref: Pogoda et al., 2012) showed that juvenile oysters derived from a
hatchery did not show any signs of macro-parasitic infestation. Therefore it seems that
suspended culture in the offshore environment could well offer a positive commercial
advantage over seabed cultured oysters. It may also be possible that suspended offshore
culture could offer a refuge from micro-parasites such as B. ostreae, although this would
require research in this respect.
Native/Non-Native Status; The decline in native oyster numbers led in the late 1990’s to the
development of a Biodiversity Action Plan (BAP) for this species, the Native Oyster Species
Action Plan (NOSAP), for which the lead agency is currently the Shellfish Association of
Great Britain. The main aim of NOSAP is to increase the abundance and geographical range
of this threatened species where biologically feasible. The sources of hatchery or
extensively reared seed are limited to diploid oysters, i.e. fertile and capable of reproducing,
and therefore any cultivation activities, within appropriate areas, that seek to increase
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potential broodstocks of this BAP species should be broadly welcomed in terms of their
potential to help increase numbers of this now threatened species.

2.3.2 Harvesting Classification and Shellfish Hygiene
Harvesting Classifications, Hygiene and Emerging Issues; Like the Pacific oyster, the
native oyster is a filter feeding bivalve mollusc and so has the potential to bioaccumulate
microbial contaminants and algal toxins that can cause illness in humans. The issues
surrounding, and potential advantages of offshore culture in relation to Harvesting
Classifications, shellfish hygiene and emerging shellfish hygiene issues are discussed in
detail in Section 2.2.2.

2.3.3 Production Levels and Techniques
CEFAS state (Source: Shellfish News 35, 2013) that total farmed production for native
oysters in 2011 was 114 tonnes which was a decrease on 2010 when 117 tonnes (Source:
Shellfish News 33, 2012) were reported as being produced and on 2009 when 220 tonnes
were farmed (Source: Shellfish News 31, 2011).
Seed Availability; Sourcing native oyster seed on the scale that would be envisaged for
offshore culture may prove problematic, not only in terms of total numbers of seed, but also
in terms of obtaining seed that is sufficiently large enough to withstand what might be on
occasion harsh environmental conditions in terms of wind and wave action. Until recently
Seasalter (Walney) Ltd. was the only hatchery in the UK routinely producing O. edulis spat
for the commercial cultivation industry. However, seed is now also available from the Ardtoe
Hatchery in Scotland run by Viking Fish Farms Ltd.
Seasalter (Walney) Ltd. is a commercial shellfish hatchery based outside of Barrow in
Furness in the North West of England. Seasalter Walney (Kelsey Thompson, pers. comm.)
confirmed that they are currently producing several million native oyster seed per annum.
However the main species produced by Seasalter Walney is C. gigas and therefore O. edulis
seed production is carried out strictly to order. Minimum orders are likely to be around 2
million seed and this would be produced during gaps in the hatchery’s normal Pacific oyster
production activities. Native oysters hatched during the early summer are therefore normally
collected by the customer in the autumn of the same year as they cannot be overwintered in
the nursery area. Although size is often variable, O. edulis seed (see Figure 11) are usually
around 10mm (6mm sieve size) in length by August/September of the year of hatching.
Excess seed can sometimes become available if survival rates are above average, and so
on occasion Seasalter Walney may have excess seed that could be sold to other customers
(e.g. in the range of 10-40,000 batches).
Production at the Ardtoe hatchery is targeted mainly at servicing the needs of existing
customers and is constrained by their ability to produce sufficient levels of live microalgae at
that latitude. This means that there is a greater reliance on intensive hatchery production of
phytoplankton. Therefore Ardtoe prefer to sell seed oysters at the relatively small size of 2 to
4mm although they can sometimes produce limited numbers of 6 to 8mm seed (Tim Atack,
Viking Sea Farms Ltd., pers. comm.). Small seed of 2 to 4mm would most likely require
some form of intermediate on-growing stage either inter-tidally or through the use of Floating
Upweller Systems (FLUPSY), as is currently undertaken by one grower in the South West of
England (see also Section 2.2.3). This could therefore offer a new market opportunity for
existing oyster growers if there becomes a high demand for native oyster seed for offshore
culture.
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Figure 11: Hatchery produced native oyster seed (centre) shown alongside Pacific oyster seed
(bottom)
(Source: Aquafish Solutions Ltd.)

Seasalter Walney now has a standard price for seed covering both native oysters and the
Pacific oyster C. gigas (diploid and triploid). As an example of seed costs, the price quoted
by Seasalter Walney per 1,000 oysters for ~10mm shell length (6mm sieve size) is €10.75
which roughly equates to £9. This equates to a cost per million seed, for either native and
Pacific oysters, of approximately £9,000 or a minimum order price of around £20,000 (Ref:
Woolmer et al., 2011). By way of a comparison the cost of oyster seed from the Ardtoe
Hatchery varies between Pacific and native oysters with Pacific oysters being 20% less
expensive than native oysters. The cost per 1,000 4mm native oysters is quoted as £10.08 or
£10,080 per million plus carriage. No minimum order is specified.
Extensive pond production of native oyster seed has been investigated in the past as a
potential means of helping with restocking and regeneration of wild fisheries. In theory this
approach offers the opportunity to produce large numbers of low cost native oysters and so
would seem to offer the type of seed volumes that might be needed for large-scale offshore
culture. A research project was carried out at Seasalter Shellfish (Whitstable) Ltd. under
FIFG funding that sought to describe and document this pond production approach to rearing
native oysters for later relaying (Ref. Syvret et al., 2008b). Figure 12 shows the larval
settlement ponds and nursery system that were constructed as part of these trials.

Figure 12: Native oyster spat settlement pond and nursery system at Seasalter Shellfish
(Whitstable) Ltd.
(Source Image: Aquafish Solutions Ltd. and John Bayes)
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Unfortunately whilst native oyster larvae were successfully introduced into this system,
settlement rates were not good which was thought to be due to water quality issues that were
being experienced at the hatchery at that time and difficulties in managing the type and
concentrations of phytoplankton blooms in the settlement pond. However, with further
research work and a different location it seems reasonable to assume that this method could
be developed to the point where it could be successfully used to rear large numbers of native
oyster seed as would be required by any offshore cultivation industry.
Current Production Techniques; Current farmed production of native oysters is
predominantly based on the dredging of wild seed which is then relayed into sheltered high
productivity growing areas where it grows to market size. Previous trials placing native
oysters inter-tidally in the traditional French poche oyster bags have not been successful.
More recently, on-growing of hatchery reared native oyster seed to market size has been
successfully undertaken in Jersey using the ORTAC system (Tony Legg, Jersey Sea Farms,
pers. comm.) which is a rigid more three dimensional system than the relatively flat poche
bags.
Production Techniques in Offshore Wind Farms; As described in the previous section on
Pacific oyster production (see Section 2.2), Pogoda et al. (Ref: 2013) studied the biochemical
and elemental composition of both the native and Pacific to assess changes over the course
of a growing season (April to October 2007). Characteristics that were investigated included
total glycogen, total protein, total lipid as well as lipid classes and fatty acids. This research
showed that whilst the juvenile oysters showed differences in glycogen storage attributed to
their age and reproductive status, they all demonstrated a natural biological performance
with general excellent physiological condition indices during the growing season. Pogoda et.
al. (Ref: 2013) concluded therefore that both species of oyster were suitable candidates for
offshore aquaculture operations.
Seabed cultivation; The potential offshore seabed cultivation techniques described in
Section 2.2.3 for the Pacific oyster could also be equally applied to the native oyster. It is
possible that the native oyster may in fact be more suited to offshore seabed cultivation as it
has a more naturally ‘flat’ shape when compared to the Pacific or ‘cupped’ oyster. This may
mean that in higher energy environments, where current velocities may be high, that the
native oyster will be less likely to roll and possibly therefore be lost from a defined
aquaculture area. Tony Legg of Jersey Sea Farms (pers. comm.) has suggested that if
native oyster seed could be on-grown to around 25g then it could at that stage be safely
placed on the seabed in more nearshore wind farms. Oyster density on the seabed would
most likely be in the range of 20-30 oysters per m2 but could be up to 100 per m2, which is
higher than stated in the FAO aquaculture factsheet. Although every site will be different and
have differing levels of primary productivity at depth, which will also vary temporally, an
assumed depth for seabed culture for native oysters is likely to be in the 10 to 15m range.
Figure 13 gives an overview of water depths of wind farms off the North Wales coast.
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Figure 13: Wind farms off the North Wales coast shown in relation to water depth
(Source: Base map http://www.4coffshore.com/offshorewind/ )
Key:

RHN = Rhiannon Wind Farm; Min. water depth 36m / Max. 66m
GYM = Gwyn-Y-Mor; Min. water depth 12.6m / Max. 32m
RFS = Rhyl Flats; Min. water depth 4m / Max. 11m
NHE = North Hoyle; Min. water depth 5m / Max. 12m

Based on a 10 to 15m assumption of maximum possible depth for seabed culture of native
(and Pacific) oysters whereby adequate growth rates might be expected, Figure 13 indicates
the following:
• Rhiannon Wind farm at 36 to 66m in water depth would be considered too deep for
seabed culture of bivalve molluscs;
• Gwyn-Y-Mor at 12.6 to 32m in water depth has some more nearshore areas that may
be suitable for seabed culture;
• Rhyl Flats and North Hoyle are both within the current maximum depth assumption
for seabed culture. However with minimum depths of only 4 and 5m respectively
shellfish placed loose on the seabed may be at risk of disturbance, movement or
possibly smothering by sediments due to wind and wave action.
The seabed mussel cultivation trials carried out by Deepdock Ltd. in 2010 at the North Hoyle
wind farm (see Section 4C and Appendix 4) experienced high shellfish mortality rates. One
possible explanation given was that a smothering event may have occurred. The description
of what might or not be possible in terms of seabed cultivation of bivalve molluscs presented
here is of course based on crude assumptions and not actual field research. It would of
course be necessary to carry out monitoring of any area in terms of its environmental,
physical and biological characteristics before pilot trials at commercial-scale production
levels could be instigated. Only then should actual commercial-scale cultivation could be
considered.
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Cultivation in weighted cages on the seabed is also a possible option in more nearshore
areas. This method of cultivation is described in detail in section 2.6.3.
Fixed gear cultivation: In terms of offshore cultivation, grow-out periods may differ between
Pacific and native oysters due to different ages at which sexual maturity is attained and other
inherent differences between these oyster species. However, in general the techniques
applicable to potential offshore cultivation of the Pacific oyster are thought to be equally
suitable for native oyster cultivation (see Section 2.2.3).

2.3.4 Potential Interaction Type / Level with Offshore Wind Farms
This review of possible cultivation methods for native oysters in offshore wind farms can
broadly be described in terms of either seabed culture or fixed gear suspended culture. The
interaction types and levels for these types of operations are described in Section 2.2.4. The
use of weighted cages is described in Section 2.6.3 and the interaction level associated with
this type of system is described in Section 2.6.4.
The Operational Issues Parts A to C (Sections 6 to 8) describe in detail how safe working
practises could be developed by aquaculture operators working with wind farm operators.

2.3.5 Economics and Markets
Economics; As with the Pacific oyster (see also Section 2.2.5) there appears to be very little
literature available concerning the economics, either actual or predicted, of offshore native
oyster culture. In many ways this is to be expected given the current low level of actual
offshore production that takes place. The Seafish Economic Model contained as part of the
Hyperbook series may also be of some use in predicting the results of various production
scenarios (see Section 2.2.5).
However, in order to give some insight into possible production values that might be
associated with offshore culture of native oysters, the market prices and stocking densities
described by Tony Legg of Jersey Sea Farms (pers. comm.) are presented for seabed
cultivation. Based on a low density of 20 oysters per m2 for seabed cultivation this would give
a total number of oysters per hectare of 200,000. Using a current market value of €6.50 per
kg (~65 cents/oyster) for undepurated stock being sold into France this would give a total
value per hectare of cultivated seabed of €130,000 or £110,000.
Markets; The market for the native or European oyster is predominantly based around being
sold live in-shell. Age at harvest with seabed cultivation is likely to be around 30 to 36
months with a harvest size of between 60 to 100g per oyster. The native oyster is regarded
by some to be a ‘luxury’ product when compared to the more widely available Pacific oyster
and this is reflected in prices charged at the table, as shown in the following example of UK
menu prices for oysters (for illustrative purposes only);
Natives (No.3s);
Three ............................................................................................................£2.75
Six ................................................................................................................£5.50
Nine ..............................................................................................................£8.25
Twelve .........................................................................................................£10.95
Rocks;
Three ..............................................................................................................£2.50
Six ..................................................................................................................£5.00
Nine ................................................................................................................£7.50
Twelve ............................................................................................................£9.95
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Whilst the above shows a small premium for native oysters when compared to Pacific
oysters, the FAO aquaculture guide states that in Europe the wholesale average price is
commonly 3 to 5 times greater for native than Pacific oysters. One drawback of course with
the native oyster is that during its reproductive phase, developing oysters are retained within
the oyster for a period of time which means that native oysters can only be consumed from
September to April (months with an ‘r’ in them). This is not the case with Pacific oysters
which do not retain the developing larvae, although they will also be subject to a loss of
condition following spawning that may render them unmarketable for a period of time.
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2.4

Mussel Cultivation

2.4.1 Overview
The blue mussel (Mytilus edulis) has been the subject of the most research in terms of its
potential for culture in offshore waters and also in relation to possible co-location activities
within offshore wind farms. Mussel cultivation in the UK is the single largest and most
valuable shellfish aquaculture activity with 26,158 tonnes farmed in 2011 with an estimated
value of around £18 million (Source: Shellfish News 35, 2013).
Section 2.4 will review those aspects of the potential for offshore cultivation which are
specific to the mussel. Reference will also be made to other sections of this report where
there are common aspects in this regard already covered under the review of other species.
For a general review of mussel aquaculture see the following web-link for the FAO
aquaculture guide;
http://www.fao.org/fishery/culturedspecies/Mytilus_edulis/en

Figure 14: The blue mussel (Mytilus edulis)
Images: Left = Seabed cultivated mussel after cleaning; Right = Rope-grown mussels after
harvesting (Source: Seafish Hyperbook and Aquafish Solutions Ltd.)

The blue mussel is a filter feeding bivalve mollusc that is very common all around the coast
of the British Isles, with large commercial beds in the Wash, Morecambe Bay, Conway Bay
and the estuaries of South West England, North Wales, and Western Scotland. Mussels
occur from the high intertidal to the shallow subtidal attached by fibrous byssus threads to
suitable substrata (Source: http://www.marlin.ac.uk/speciesfullreview.php?speciesID=3848).
Mussels can tolerate a wide variety of environmental conditions and so are found from
brackish estuarine waters through to fully marine conditions. In terms of UK cultivation,
mussels start to grow in the spring when seawater temperatures reach 8 to 9oC. Growth rate
reaches a maximum in July or August when water temperature peaks (usually 16 to 18oC)
and then falls off again as the temperature drops back below 8 to 9oC in November or
December. Salinity should be above 20‰ and for seabed cultivation tidal flows of 1 to 2
knots (50 to 100cm/second-1) are optimal (Ref: Seafish Information Leaflets). In order to
achieve good growth rates mussels must be grown within the primary productivity zone.
Native/Non-Native Status; The blue mussel is a native species to the British Isles and so
there are no non-native issues in this respect. Other mussel species can also be found
around the British Isles. These include Mytilus galloprovincialis (the Mediterranean mussel),
which is found around the South West of England where it may hybridise with M. edulis, and
Mytilus trossulus, which is considered a pest species to aquaculturists due to its weak shell
and poor meat yields
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Pests, Diseases and the Offshore Environment; Mussels are subject to a wide range of
parasites, pests and diseases with effects ranging from large-scale mortalities through to loss
of condition associated with increased stress levels. A review can be found in the FAO
aquaculture guide. In general, and as with all shellfish species, avoidance rather than
treatment is recommended. The adoption of a comprehensive biosecurity management plan
is also now a prerequisite of any new Aquaculture Production Business application. Some of
the main issues for commercial cultivation activities with mussels caused in this respect are
considered in this section.
The common starfish (Asterias rubens), whelks and the shore (or green) crab (Carcinus
maenas) are probably the most significant of all the mussel predators, especially with regard
to seabed cultivation. In terms of suspended cultivation, the starfish is the main predator of
rope-grown mussels. Starfish may settle out from the plankton during their larval stage or can
climb on to rope droppers if they are allowed to touch the seabed. If they are not removed
then losses can be significant (Source: Seafish Hyperbooks). Pea crabs (Pinnotheres
pisum) can sometimes be found in cultivated mussels. Whilst they do not cause mortalities,
the presence of the larger females causes a sub-lethal stress in mussels that can result in a
loss of condition and which also makes the product less marketable. Other fouling organisms
that can result in reduced marketability of the mussel product include barnacles and
tubeworms (see Figure 15).

Figure 15: Barnacle (left-hand image) and tubeworm (right-hand image) on mussels
(Source: Seafish Hyperbooks)

Whilst barnacles and tubeworms can be removed this is a labour-intensive process and
therefore not considered economic for the type of large-scale culture likely to be associated
with offshore cultivation. Other fouling organisms often associated with suspended cultivation
include sea squirts (tunicates), sponges, anemones as well as macro-algae. When
settlement of these types of fouling organisms is heavy then they can reduce food levels
otherwise available to the mussels under cultivation and in operational terms can increase
the weight and drag on the rope systems. In higher energy environments where wind and
wave action are greater, such fouling may therefore increase the risks of system failure.
It is possible that the move to cultivation further offshore may have beneficial effects in terms
of helping to avoid some of these health and marketability issues with mussels. As discussed
in Section 2.2.1 for oysters, Pogoda et al. (Ref: 2012) investigated macro-parasitic infestation
levels of oysters and the mussel (M. edulis) between natural coastal habitats (where found)
and two offshore sites in the German Bight. Macro-parasites such as Mytilicola intestinalis
and M. orientalis may cause lower condition indices or even mortalities in heavily infested
shellfish. This study by Pogoda et al. found that mussels in the nearshore environment
carried both the copepods M. intestinalis and M. orientalis as well as trematodes. Previous
research work by Buck et al. (Ref: 2005), Buck (Ref: 2007a) and Brenner (Ref: 2010) had
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conclusively shown that no macro-parasites could be found in mussels held in offshore
locations. This combined research therefore shows that there may well be commercial
advantages to the use of offshore sites in terms of macro-parasite control with the potential
for increased condition indices in this respect.

2.4.2 Harvesting Classifications and Hygiene
Harvesting Classifications and Hygiene; As the mussel is a filter feeding bivalve mollusc it
has the potential to bioaccumulate microbial contaminants as well as algal toxins that can
cause illness in humans. There are differences in likely health risks to consumers due to
norovirus between the consumption of mussels and oysters. Indeed, most outbreaks of
illness in humans due to norovirus contamination of shellfish are associated with oysters. In
part this is due to the fact that in the UK mussels are normally cooked prior to consumption,
which may well inactivate norovirus, whereas oysters are often eaten raw in the half-shell.
Also, as described in Section 2.2.2, oysters may well be slower in eliminating norovirus than
mussels. This subject is covered in detail in a report by FitzGerald et al. (Ref: 2010).
However discussions to date about possible norovirus standards have not differentiated
between bivalve shellfish species and so any harvest area standard would have the same
implications for ability to harvest for both oysters and mussels. The general issues
surrounding, and potential advantages of offshore culture in relation to Harvesting
Classifications, shellfish hygiene and emerging shellfish hygiene issues are discussed in
detail in Section 2.2.2.

2.4.3 Production Levels and Techniques
CEFAS state (Source: Shellfish News 35, 2013) that total farmed production for mussels in
2011 was 26,158 tonnes which was a decrease on 2010 when 30,212 tonnes (Source:
Shellfish News 33, 2012) were reported as being produced and on 2009 when 31,929 tonnes
were farmed (Source: Shellfish News 31, 2011).
Seed Availability; Although there have been research projects in the past that have looked
at the potential for hatchery production of seed mussels, to date the costs of production
versus value of seed have not made this approach economically viable. Therefore mussel
cultivation at present is reliant on natural spat-falls of mussel seed. For seabed culture this
spat-fall can often take the form of ephemeral seed beds, that if not collected, tend to be
disbursed by storms or smothered by sediments. This is the main source of seed collected
by the North Wales seabed mussel cultivators. Rope-culture of mussels relies on spat-fall on
to dropper or collector ropes that are suspended from the longlines (see Figure 16).

Figure 16: Collection of seabed mussel using a light dredge and mussel spat on a collector
rope.
(Source: Deepdock Ltd. and Seafish Hyperbook)

Collection of seed through dredging or the use of collector ropes, whilst generally regular,
cannot be guaranteed.
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Current Production Techniques; The two main types of aquaculture production of mussels
are seabed cultivation and suspended culture using longlines. The techniques used in
seabed cultivation are summarised in Appendix 4(b).
Suspended mussel culture generally takes place in relatively sheltered estuarine or marine
environments either using longlines or mussel rafts. Typically, a longline in the UK would
consist of either a single or double headline supported by plastic floats at regular intervals.
The line is anchored to the seabed or shore at either end. The type and size of the anchor
system will be matched to the local conditions. Longline length is generally around 200 to
400m with the floatation buoys spaced around 3m apart, but this is dependent on load at the
time. The diameter of the headline is normally between 20 to 32mm (Source: Seafish
Hyperbook). Mussels may be grown on individual droppers of between 5 to 10m in length,
depending on prevailing minimum water depth, or on a continuous line looped below the
headline.

Figure 17: Individual rope mussel dropper and continuous mussel loop
Left-hand image = Individual dropper being raised on an estuary based rope mussel farm
(Source: Aquafish Solutions Ltd.); Right-hand image = Seeded mussel ropes being attached in
a continuous loop to the main longline in an offshore farm (Source: Cheney at al., 2010)

The continuous loop system generally has the advantage of allowing increased
mechanisation of servicing and harvesting. Space between longlines may vary between sites
but will be matched to the size of the aquaculture vessel servicing the lines.
Rafts in use in the UK are typically 10m2, consisting of two floatation pontoons or float arrays,
overlaid with a wooden framework, with supports approximately 0.5m apart. Rafts may be
anchored individually or form part of a larger flotilla. The mussels are collected and grown on
~12mm rope droppers that are often between 5 to 10m in length, depending on the prevailing
minimum depth of water (Source: Seafish Hyperbook).
Production Techniques in Offshore Wind Farms;
Seabed cultivation: As with the other bivalve shellfish considered in this study, the depth of
water in which seabed cultivation of mussels can take place will be primarily governed by the
availability of their phytoplankton food source. If the mussels are placed too deep, where
primary productivity levels are reduced due to lower light penetration or reduced mixing, then
a consequent reduction in growth levels will occur. However in these higher energy offshore
environments, the mussels would need to be placed at a sufficient depth to avoid the impacts
of waves which may cause movement of the shellfish, or alternatively smothering, should
sediments be mobile under these conditions. It can be seen therefore that there is a balance
to be struck between the need to supply the mussels with sufficient food to promote growth
whilst ensuring that they are sheltered from excessive environmental disturbance.
The North Hoyle trial conducted by Deepdock Ltd. in 2010, considered also elsewhere in this
report, is reviewed in detail in Appendix 4. This trial gives some important insights into both
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the potential advantages and challenges of offshore seabed cultivation with mussels, which
are also potentially relevant to other bivalve shellfish species.

North Hoyle WF

Figure 18: Position of the North Hoyle Wind Farm used in seabed mussel trial in 2010 and the
Mare Gratia pictured within the wind farm
(Source: RWE Npower Renewables (left-hand images) and Deepdock Ltd.)

To briefly summarise this trial, the mussels (average length ~27mm) were deposited in three
plots within the North Hoyle Wind Farm in July 2010 and recovered 71 days later in
September 2010. The mussels increased to an average size of ~38mm during this period, a
42% increase in shell length. However the mussels recovered had suffered mass mortalities
i.e. had already perished or were dying when harvested. The trial report states the following
possible reasons;
•
•

Environmental shock as a result of mussels being transferred from an area of low
primary productivity and intermittent feeding (inter-tidal) to an area of high primary
productivity and continuous feeding (sub-tidal).
Smothering due to seabed sediment movement.

In operational terms, the recommendations therefore for follow-on work were as follows;
•
•

Deposit the mussels earlier in the year (~April) before primary productivity levels
increase which should therefore give the mussels a chance to acclimate to the
new environment.
Carry out monthly monitoring of the mussels within the wind farm site in order to
better estimate growth over time and to identify the point in time when any
mortality events occur.

As mentioned above, further work is needed to see if mussel cultivation can be carried out
through to harvest size in this North Wales offshore wind farm site. However, this first UK
co-location trial did prove that mussels can grow quickly in nearshore wind farms, and
perhaps more importantly, that at least for this trial, aquaculture activities can be carried out
safely within a wind farm without restricting operational activities of the wind farm operator.
Further successful trials will be needed in order to increase confidence and understanding
between and the aquaculture and renewable energy sectors.
Fixed gear cultivation: Site selection will be based on a number of factors including water
temperature (max/min and average), water quality, phytoplankton levels, seed availability,
substrate type, water depth, current velocity, other marine uses etc.
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For a review of site selection and technical requirements for the offshore cultivation of blue
mussels it is suggested that the reader refer to Brenner (Ref: 2009) available via the
following web-link:
http://www.jacobs-university.de/phd/files/1267709857.pdf
There have already been moves ‘offshore’ in terms of rope mussel culture around the UK. In
the South West of England, to date, this has mainly been limited to nearshore sites that still
receive a degree of protection from the prevailing weather conditions. Examples include
rope-mussel farms in St. Austell Bay (Cornwall) and Torbay (Devon) as shown in Figure 19.

Figure 19: Images from current South West England-based nearshore rope-mussel cultivation
operations
Images: Top Left = St. Austell Bay, Cornwall; Top Right = Generalised longline system design
used in the SW; Bottom Left = View across Torbay from harvesting vessel; Bottom Right =
Processing equipment aboard Devon-based mussel harvesting-vessel (Source: Aquafish
Solutions Ltd.)

In general the techniques used in these nearshore sites do not vary much from those used in
the sheltered estuarine or sea loch environments where much of UK rope-grown mussel
production takes place. This technique is however proving successful where it has been
tried in South West England and might be considered for small to medium scale rope mussel
cultivation in more nearshore wind farms. In general however it seems likely that the move
to more truly offshore, higher energy environments, will be based on the development of
large-scale rope mussel farms. These farms will require large capital inputs in terms of a
high number of specialised and innovative longline systems designed to operate under
extreme environmental conditions. These longlines are likely to be serviced by purpose built
vessels. The larger spaces available offshore means that farms can be of a low density
design which would therefore have a low environmental impact from farm operations. Largescale production will mean lower unit production costs and an increased potential for
mechanisation. The high capital outlay for these systems means that high output levels will
be required if farms are to be economically viable. This type of farm operation will therefore
be a departure from the nearshore type of operation shown in Figure 19. The rest of this
section on fixed gear cultivation will review some previous studies detailing the development
of offshore rope mussel cultivation through to current proposed farm designs.
_____________________________________________________________________________________________________
Section 2 – Aquaculture Opportunities
Page 49 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

Cheney et al. (Ref: 2010) give an excellent review of the development of offshore
aquaculture in terms of species and techniques. They state that the majority of development
effort to date has been on mussels as they show rapid growth to market size and attach
naturally to substrates through means of byssus production. The ability to self-attach to a
cultivation substrate means that they do not require the use of containment structures in the
same way as oysters, or to a lesser degree scallops, do. Langan (Ref: 2011) states that
submerged longlines are the design that is used most often in offshore locations. Research
by Buck (Ref: 2007b) carried out ~16nm off the German coast in ~15m water depth showed
that steel hawser-based lines untwisted due to current and wave action and that the
individual strands then snapped causing system failures. Polypropylene lines however
resisted wave action of up to 6.4m and current velocities of 1.52m/second and were
successfully used to collect mussel spat (see Section 2.4.5 for a discussion of growth times
to harvest). A design by the AWI for a submerged longline system is shown in Figure 20.
There has been considerable research work carried out by the Alfred Wegener Institute
(AWI), and in particular Prof. Bela Buck, on all aspects of offshore aquaculture including
mussel, Pacific oyster, native oyster and macroalgae cultivation. Operational aspects
investigated range from system designs, site selection, growth characteristics, disease and
parasite levels through to economics of production. The AWI has also extensively
investigated the social, legislative, management and relational aspects of co-location
between wind farm developers/operators and the aquaculture industry. The following weblink provides a detailed listing of reference articles, books and the thesis of Prof. Bela Buck
on this subject area: http://www.awi.de/People/show?bbuck

Figure 20: Example of a submerged longline system design with a V-shaped spat collector
harness. In this image only a part of the 700m long longline is presented (not to scale).
(Source: Buck et al., 2010)

The advantage of the submerged system is that the mussels are located away from the most
extreme impacts of wave action which occur at the sea surface. In deep water, the water
particles are moved in a circular orbital motion when a wave passes. The radius of the circle
of motion for any given water molecule decreases exponentially with increasing depth (see
Figure 21). The wave base, which is the depth of influence of a water wave, is about half the
wavelength. At depths greater than half the wavelength, the water motion is less than 4% of
its value at the water surface (Source: http://en.wikipedia.org/wiki/Wave_base ).
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Figure 21: Decay of wave energy with depth
(Source: www.tulane.edu/~bianchi/Courses/Oceanography/Chap7.ppt )

Therefore by placing the mussels below the surface the chances of loss of shellfish through
wave action are reduced. The use of pencil floats at the surface, as shown in Figure 20, as
opposed to circular buoys, also reduces the rise and fall of the longline with sea swell as the
pencil floats create less resistance to vertical water movement. Reduced motion of the
longline is preferable as this will decrease stress levels on the shellfish and therefore
promote faster growth. As with seabed cultivation however the mussels must not be placed
so deep that there is insufficient food to allow reasonable growth rates (see Figure 22).

Figure 22: Mature Greenshell mussels at 15-m depth
(Source: Cheney at al., 2010)

Cheney et al. (Ref: 2010) state that this type of approach to offshore mussel cultivation has
proved successful, even for high energy environments, although the use of rafts in an
offshore environment has not proved economically or technically feasible.
The amount of access and working time on any given offshore site will be governed by the
prevailing weather and sea conditions versus the stability and windage of the aquaculture
vessel. Cheney et al. (Ref: 2010) give examples of access times for offshore mussel farms
in New Zealand that are situated 5 and 4 miles from shore in 30 to 50m water depth. These
sites are characterised by wave heights that are often up to 2m with 4m waves not
uncommon. Rarely for both sites, hurricane induced waves can be experienced of up to 12m
in height. In these examples, a vessel able to work in 3m waves will be able to access and
work on the site for between 70 to 100% of the time where as a vessel that can only work in
waves up to 1m would be restricted to 10% of any given month. However, to access the site
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for 80% of the time a vessel will also have to be able to cope with wind speeds of up to
13m/second (25 knots) with higher speed gusts.

Figure 23: Examples of New Zealand mussel harvesting vessels
Left-hand image shows harvesting in a nearshore site; Right-hand image shows offshore
harvesting with recreational sea angling boats in the background (Source: Offshore Shellfish
Ltd.)

Cheney et al. (Ref: 2010) conclude that whilst larger boats are better able to work in rough
conditions, they are also likely to have more windage than smaller vessels meaning that
careful consideration must be given to the design of vessels for any particular site.
Future opportunities for offshore fixed gear cultivation; The New Zealand offshore
aquaculture sector gives some insights into how developments are likely to occur as
experience is gained in working in these higher energy environments. It appears that
experiments will be undertaken with farm configuration in order to assess resource utilisation,
sustainability and environmental impact. Expansion is likely to be carried out in incremental
stages with appropriate environmental assessments on impacts, followed by mitigation
measures where needed. Interestingly, Cheney et al. (Ref: 2010) report that hatchery
produced spat will become the main source of seed for offshore Greenshell mussel farms.
They also report that there is increasing interest in farming oysters and scallops alongside
the mussels on the offshore farms. There are proposals for other large offshore farms such
as off the Californian coast of the United States. Here the Catalina Sea Ranch proposal is for
a 100 acre site (see Figure 24) situated in an approximate water depth of 35m.

100 acre site in ~35-m depth seawater
Figure 24: Map view of a proposed offshore shellfish farm in Californian waters
(Source:http://www.catalinasearanch.com/Catalinasearanch.com/About_files/Shellfish%20Fa
rm%20Design.pdf )
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The mussel species being targeted is the Mediterranean mussel (M. galloprovincialis) which
their website states will not be considered as a new invasive species. It appears that over
15,000 tonnes of mussels are imported annually into the US with the majority of these being
harvested from Prince Edward Island, Canada. In addition to mussels there are also plans to
cultivate Pacific oysters for which there is a strong market demand in the United States, with
Americans consuming about 700 million farmed oysters per year (Source:
http://www.catalinasearanch.com/Catalinasearanch.com/Market.html ).
This Californian farm is being designed primarily for rope mussel culture using continuous
looped droppers attached to a buoyed headline submerged at 10m. Figure 25 shows an
individual longline.

Figure 25: Individual longline system from the Catalina Sea Ranch proposal
(Source: http://www.catalinasearanch.com/Catalinasearanch.com/Market.html)

The main headline will be around 200m long and the whole longline will be secured with
screw anchors. This is generally in keeping with the main design parameters of other
offshore mussel farms.
A side profile of a full set of longlines together with an aerial overview of the farm layout is
shown in Figure 26.
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100 acre / 40 hectares = 40 longlines

Figure 26: Design of the proposed Catalina Sea Ranch offshore shellfish farm in Californian
waters
(Source:http://www.catalinasearanch.com/Catalinasearanch.com/About_files/Shellfish%20Fa
rm%20Design.pdf )

Figure 26 shows the headlines at 210m each in length with two headlines connected in one
system. Distance for anchoring is 70m. This gives a total length of a system of
approximately 630m.

2.4.4 Potential Interaction Type/Level with Offshore Wind Farms
This review of possible cultivation methods for mussels in offshore wind farms can broadly
be described in terms of either seabed culture or fixed gear suspended culture. The
interaction types and levels for these types of operations are described in Section 2.2.4. The
Operational Issues Parts A to C (Sections 6 to 8) describe in detail how safe working
practises could be developed by aquaculture operators working with wind farm operators.

2.4.5 Economics and Markets
Economics; The Seafish Economic Model contained as part of the Hyperbook series may
be of some use in predicting the results of various production scenarios (see Section 2.2.5)
for both seabed cultivation of blue mussels and fixed gear suspended culture. Economic
modelling of offshore fixed gear cultivation of blue mussels has been carried out by the AWI.
Prof. Bela Buck at AWI was contacted as part of this study in order to discuss their review
paper on the economic feasibility of blue mussel cultivation in terms of co-location in offshore
wind farms (Ref: Buck et al., 2010). Their report is a comprehensive review of the potential
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economics of offshore mussel cultivation as a co-location option within wind farms. Their
study combined mussel cultivation data, obtained through research, with case-scenario
calculations in order to illustrate the impact of changing parameter values for both mussels
produced for the table and for seed production. The four scenarios considered were as
follows:
1. Production of Consumption Mussels with Investment into a New Vessel; €4 million
vessel – motor overhaul after 10 years. Considered to be the base scenario (see
Figure 27).
2. Production of Consumption Mussels Using Free Capacities of Existing Mussel
Farmers; Vessel retrofitting costs €750,000 – no land facility cost.
3. Production of Seed Mussels with Investment into a New Vessel; Less labour intensive
than Scenario 1 – less time at sea – reduced fuel costs.
4. Production of Seed Mussels Using Free Capacities of Existing Mussel Farmers;
Retrofitting costs – fewer offshore working days – no land facility.

Figure 27: Base scenario budget for a 4 year mussel production cycle
(Ref: Buck et al., 2010)

To briefly summarise the findings of Buck et al., Scenario 1 was profitable with net returns of
€4.60 million. Scenario 2 with less initial capital costs yielded a higher return at €6.02 million.
Scenario 3 was just profitable at €0.08 million. Scenario 4 achieved a higher profit than
Scenario 3 at €1.51 million. Buck et al. concluded from an analysis of Net Present Value
(NPV) and Internal Rates of Return (IRR) that Scenario 2 where there is existing capacity
could be recommended as a feasible business model. Potential measures for increasing
profit levels through cost savings were also presented by Buck et al. It should be noted that
these scenarios are calculated without any reference to possible funding support which
would certainly be a possibility under the forthcoming European Maritime and Fisheries Fund
(EMFF) covering the period 2014 to 2020. However, Prof. Buck (pers. comm.) did state one
clear message when discussing this economic modelling which is that the calculations in
these scenarios are all based on pilot-scale trials and assumptions of predicted costs,
production levels, returns etc. Prof. Buck was firmly of the opinion that commercial-scale
trials were urgently required in order to ground-truth the assumptions underlying this
economic modelling. It is understood that there will shortly be commercial-scale offshore
trials commencing in England and these will certainly help towards this need for operational,
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technical, environmental and economic data. This is considered further in the Conclusion
and Recommendations Section (Section 9.2.2).
Markets; Seafish (Source: Suspended Mussel Hyperbook)) state that rope-grown blue
mussels take approximately 2 years to reach marketable size (45 mm shell length or above)
although this is dependent on the location and productivity of the cultivation site and the
destination market. The normal harvesting season is from late August/September through to
April. Mussels are harvested at around 20g live weight with the meat representing from 30%
to 50% of the total weight depending on the productivity of the site and the time of year.
Meat quality and yield is at its lowest after spawning.
A review of offshore experiences around the world with mussels would seem to indicate that
there may potentially be a reduced growth time to market size when culturing mussels
offshore. Cheney et al. (Ref: 2010) state that although data is still limited, farms off the
Northeast coast of the United States have produced market sized mussels (55mm) from spat
settlement in 12 to 14 months. M. galloprovincialis grown off the Californian coast are
reported to take 10 to 12 months to reach 75mm whilst Greenshell mussels (Perna
canaliculus) grown offshore in New Zealand have reached market size in 12 to 16 months at
two sites. Whilst growth rates will obviously vary with species and between sites it does
appear that in the examples quoted by Cheney et al. that these growth rates were faster than
equivalent inshore sites. Reasons for these increased growth rates could be related to more
stable temperature and salinity profiles compared to shallow nearshore or estuarine sites
coupled with reduced turbidity and better water exchange. The combination of these factors
may lead to lower stress levels in the shellfish which will influence feeding rates and hence
growth and condition. Buck (Ref: 2007b) reports that in research by the AWI in 2002 on
offshore mussel cultivation in European waters, that mussels reached 28mm length from
spat-fall after 6 months, and that based on this, they estimated that market size of ~50mm
would be reached in between 12 to 15 months post settlement. Likely yields were estimated
to be up to almost 11kg of marketable mussels per metre of dropper.
An important aspect to note is the impact that a 12 month production cycle from spat-fall to
market size will have both on the economic and operational aspects of production. The
ability to complete a full production cycle in one calendar year means that available farm
space is constantly utilised thus maximising the efficiencies of use of the site and of
equipment.
As reviewed in Section 2.4.3, mussels are by far the most important shellfish species in
terms of UK aquaculture production. A recent article in The Herald (Scotland) stated that in
2012 Shetland alone produced 4,340 tonnes of rope-grown mussels generating £5 million for
the local economy and employing over 130 people. This figure is predicted to rise with a
target of 5,000+ tonnes by 2015. Whilst some of these mussels remain in the UK, where
there is certainly demand, exports were made to Europe, the Middle East, China, Russia and
America (Source: http://www.heraldscotland.com/business/markets-economy/roping-in-goodreturns-with-mussel-farms.21407984). Much of the current production from the North Wales
seabed cultivation sector is exported straight to Holland. Deepdock Ltd. report that they may
get as little as 12 to 24 hours’ notice that product is required. Orders by the Dutch client are
normally for 20 to 40 tonnes of mussels that once landed are palletised and placed on a
waiting vehicle. Of course, where there is any significant increase in production, then for all
the species considered in this report, supply to market will need to be carefully managed to
ensure that oversupply, with consequent impacts on price achieved, does not occur.
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2.5

King Scallop Cultivation

2.5.1 Overview and Background to Cultivation Activities in the UK
The king or Great Atlantic scallop (Pecten maximus) is the single most important bivalve
mollusc in the UK market in terms of volume and value with landings generally worth in
excess of £30 million per annum. Unlike mussels, where aquaculture plays a major role in
production, the majority of the king scallop (see Figure 28) product available to the market
comes from the wild fishery. For a general review of king oyster fisheries see the following
web-link for the FAO factsheet;
http://www.fao.org/fishery/species/3516/en

Figure 28: King scallops on the seabed
(Source: Craig Burton)

The king scallop has been recorded around most coasts of Britain and Ireland but with only
scattered records from the east coast of Great Britain. These scallops are usually found in a
shallow depression in the seabed. King scallops prefers areas of clean firm sand, fine or
sandy gravel and may occasionally be found on muddy sand. Distribution in this species is
invariably patchy (Source: http://www.marlin.ac.uk/speciesfullreview.php?speciesID=4056).
Hard sediments are generally unsuitable, as the scallops are unable to bury themselves
sufficiently to avoid predation. Scallops are a fully subtidal species and so require continues
immersion in seawater. The king scallop can naturally be found down to depths of up to
100m+, but in terms of aquaculture, sites with a depth of water between 15 to 30m are
considered optimal (Source: Seafish Hyperbook).
In terms of environmental conditions for aquaculture, seawater temperatures should be at
least 10oC and the best sites for scallop cultivation are those where temperature is between
10oC and 17oC for the maximum length of time. Summer temperatures >18-20oC and winter
temperatures <4 C can be stressful to scallops Salinity should be generally above 30‰, a
tidal flow of 0.4 to 1.8 knots (0.2 to 0.9 m second-1) is suitable for suspended culture systems
(Ref: Laing, 2002), 1 knot is optimal for seabed culture although up to 2 knots can be
tolerated (Ref: Seafish Information Leaflet). In order to achieve good growth rates the king
scallop must be grown within the primary productivity zone.
Native/Non-Native Status; The king scallop is a native species to the British Isles and so
there are no non-native issues in this respect.
Pests, Diseases, Predators and the Offshore Environment; There are no major disease
issues directly associated with either king scallop fisheries or on-growing of scallops in
aquaculture. King scallops are however considered to be a possible vector species for
Bonamia ostreae (see Section 2.3.1). This species is however highly susceptible to Vibrio
type bacterial infections during larviculture in hatcheries which is discussed in Section 2.5.3.
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When culturing scallops on the seabed predation on the king scallop can be an issue.
Natural predators include the common starfish (Asterias rubens) and crabs (including the
shore crab, Carcinus maenas, and the edible crab, Cancer pagurus).
In the wild scallops can be prone to fouling from pest species such as slipper limpets which
may, if present in large quantities, decrease the ability of scallops to avoid predation.
Scallops are mobile animals and can swim short distances to escape from predators. This
ability to swim is of course a consideration during any seabed cultivation in terms of whether
or not the stock can be retained within a defined area. Scallops cultivated in containment,
e.g. lantern nets, are unable to escape predators which might settle during their planktonic
phase (Source: Seafish Hyperbook). Cano et al. (Ref: 2000) describe aquaculture trials in
Southern Spain with king scallops suspended in cages and ear hung. They report that high
mortalities were observed for ear hung scallops due to barnacle (Balanus sp.) settlement. As
fouling can vary with culture method, placement in the water column, current speed and
season (Ref: Guillermo, 2007) then trials would need to be carried out of any new proposed
on-growing area to assess what fouling rates and types might be experienced. Fouling of
cages will of course reduce water flow and therefore available food to scallops and as such
regular cleaning and inspection of scallops in suspended culture is therefore required.
Optimum cleaning and handling regimes in suspended scallop culture are reviewed in
Guillermo (Ref: 2007).

2.5.2 Harvesting Classifications and Hygiene
As the king scallop is a filter feeding bivalve mollusc it has the potential to bioaccumulate
microbial contaminants as well as algal toxins that can cause illness in humans. Whilst
bacterial and viral microbial contamination are discussed in detail in Section 2.2.2, algal
toxins such as those causing paralytic shellfish poisoning (PSP), amnesic shellfish poisoning
(ASP) and diarrhetic (DSP) can also pose a serious risk to human health. PSP and ASP in
particular can have very serious health implications and may in exceptional circumstances
result in human deaths. Of these the algal biotoxin Domoic acid causing ASP is the one
most commonly associated with scallops. As these toxins are largely unaffected by
depuration and may not be denatured by the cooking process then sites should be selected
carefully and with due regard to previous records of harmful algal blooms. Whilst under
culture, regular testing should be carried out for the presence of algal toxins in shellfish and
appropriate end product testing is also required of product destined for market. The issues
surrounding, and potential advantages of offshore culture in relation to Harvesting
Classifications, shellfish hygiene and emerging shellfish hygiene issues are discussed in
detail in Section 2.2.2.

2.5.3 Production Levels and Techniques
CEFAS state (Source: Shellfish News 35, 2013) that total farmed production for scallops in
2011 was 10 tonnes which is roughly equivalent to 2010 when 9 tonnes (Source: Shellfish
News 33, 2012) were reported as being produced and is an increase on 2009 when 4 tonnes
were farmed (Source: Shellfish News 31, 2011). It should be noted that there is currently no
hatchery production of the king scallop spat in the UK.

_____________________________________________________________________________________________________
Section 2 – Aquaculture Opportunities
Page 58 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

Seed Availability; King scallops are notoriously hard to produce on a commercial scale in a
hatchery environment. Despite limited success at CEFAS Conwy, QinetiQ attempted, without
success, to operate a scallop hatchery in Weymouth for a number of years using the CEFAS
Conwy protocol. Whilst a scallop hatchery does exist in the Bay of Brest, current concerns
over biosecurity would prevent any introductions from this area. Laval cultures becoming
infested with Vibrio sp. bacteria are one of the commonest causes of batch failures within
hatchery culture (Ref: Syvret, 1997). Because of this, cultivation of scallops in the UK is
almost entirely dependent on wild caught seed.
Collection of wild seed is generally carried out by deploying collector bags (see Figure 29) in
areas known to have a track record for seed settlement. Areas that in the past have
achieved good settlement numbers include Mulroy Bay in Ireland. Longlines and collectors
(e.g. an onion bag containing a filler material) are put out in the sea in May through to July at
a time to coincide with the peak period of spat settlement.

Figure 29: Scallop spat collector bags ready to be dispatched
(Source: Seafish Hyperbook)

It is certainly possible to obtain between 50 – 100 King scallop spat per collector at an
average site. When available, seed (10 to 25 mm) can also be purchased from commercial
collectors. The larger the seed the more expensive it is, but survival rates will be better
(Source: Seafish Hyperbook).
It is however important to note that whilst this method of collection of spat can be successful,
settlement is often very variable between sites and between years. Whilst this type of seed
collection has been able to support a small cultivation industry for this species, this degree of
variability in settlement rates from year to year means that security of seed supply is likely to
continue to be an issue for commercial culture. It would seem therefore that until reliable and
successful hatchery techniques are developed, that large-scale offshore cultivation of the
king scallop cannot be considered a realistic possibility.
Current Production Techniques; The limited level of current cultivation of king scallops in
the UK is carried out either through suspended culture or subtidal culture on the seabed.
The Seafish Hyperbook contains a good schematic that summarises these cultivation
techniques (see Figure 30).
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Figure 30: Schematic of current scallop cultivation techniques
(Source: Taken from the Seafish Hyperbook, original source unknown)

To summarise the schematic shown in Figure 30, scallop spat (at 10 to 15mm) can be taken
off the collectors in October/November (i.e. 3 to 4 months after the peak spawning period)
and transferred into pearl nets with ~10 nets per dropper. Based on no more than 33% flat
surface coverage, stocking densities normally average about 80 to 100 small (10 to 20mm)
seed and 20 to 30 larger (20 to 30 mm) juveniles per pearl net. Another option is to transfer
spat from the collectors to North-West Plastic (NWP) trays placed in stacks on the seabed or
suspended from longlines (at least 3m below the surface of the water). At approximately 1year old (~25mm), scallops can be transferred into lantern nets at 50 to 60 seed per layer for
the next stage of on-growing. These will need to be thinned to 30 per layer as they grow.
King scallops can continue in lantern nets until they reach market size (initial stocking
densities for 60 to 80 mm scallops is 10 to 15 per layer) or they can be transferred to the
seabed as they are now less prone to losses from predation. Numerous studies (reviewed in
Ref: Guillermo, 2007) have shown that the stocking density and growth are directly related
with higher stocking densities leading to reduced growth rates per scallop. An alternative
suspended culture technique is called ear-hanging where a hole is drilled in the shell and the
scallop is tied to the longline. Trials would be required to investigate whether ear hung
scallops would remain attached to the dropper in higher energy environments.
In terms of seabed cultivation, king scallops are transferred to the seabed at 2-years old
(50mm shell height). Seeding densities for seabed cultivation are normally 5 or 6 animals per
m-2 but can be up to 24 per m-2 in high productivity areas. As scallops are mobile, they can
move from seeded plots if conditions are not suitable or there are strong currents. Trials
have been carried out using ‘cage’ type systems to try and retain seabed cultivated scallops
within a set area. Avoidance or removal of predators at seeding and then during cultivation is
considered to be essential and may well be carried out by divers. Stacks of NWP trays and
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heavy cages have also been used. There is limited information on the criteria for these
methods and their advantages/disadvantages compared with other techniques. As a general
guide, a high current speed (> 2 knots) is needed to ensure scallops in the centre of cages
get an adequate food supply. A firm substrate is essential to prevent the structure sinking
into the substrate and depths of 5 to 20 m are likely to be the most suitable for this type of
culture (Source: Seafish Hyperbook).
Production Techniques in Offshore Wind Farms;
Seabed cultivation: The potential offshore seabed cultivation techniques described in
Sections 2.2.3 and 2.3.3 for the Pacific and native oysters could also be equally applied to
the king scallop. However, as the king scallop is a mobile species there may be more issues
associated with stock retention. Predator control is also an issue with scallops.
Cultivation in weighted cages on the seabed is also a possible option in more nearshore
areas. This method of cultivation is described in detail in section 2.6.3.
Fixed gear cultivation: The type of suspended cultivation techniques described for Pacific
and native oysters in Section 2.2.3 and 2.3.3 should work with king scallops. In addition to
this, the suspended culture systems shown in Figure 30, if adapted for more open water
conditions (see Section 2.4.3 on suspended mussel cultivation), could also be considered for
trials. One potential drawback with suspended culture in an offshore environment may be
that scallops subject to movement by wave action will experience increased stress levels
(Ref: Laing, 2002) which may result in decreased growth rates.
Cheney et al. (Ref: 2010) describe an interesting case study with regard to offshore scallop
cultivation that has wider implications for industry considering a move into fully offshore
waters. They document an attempt in 2000 to 2001 to install a platform structure in the Strait
of Juan de Fuca in North West Washington to culture the purple-hinged rock scallop
(Crassadoma giganteus), a non-motile species. The platform was based around an adaption
of technology used at that time in offshore finfish culture. The site chosen was exposed to
significant wind and wave action and the engineering underpinning the system design was
expected to be able to withstand the environmental stresses associated with a high energy
environment whilst remaining serviceable by small vessels. The system was based around a
submersible Spar buoy, weighing approximately 3,600kg, which could be raised or lowered
by venting air. The anchoring system consisted of two 500kg anchors and a 1,180kg ballast
plate. Deployment was undertaken in 30m of water with the top of the Spar 12m below the
surface. An overview of the system is shown in Figure 31.
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Figure 31: American experimental system design for offshore scallop production
Left-hand image: Diagram of grow-out system using spar modified with channel and panels for
growing rock scallops. Spar is seen here in subsurface mode.
Top Right image: Upper section of scallop spar at deployment in surface mode. Compressed
air was supplied for raising spar and divers were used for all aspects of deployment.
Bottom Right image: View of fiberglass panel with attached scallops. Dimensions of panel are
approximately 1 × 0.8 × 0.7 m. Fifty-two scallops approximately 1 cm in shell length (inset) were
attached to each side of the panel.
(Source: Cheney et al., 2010)

Whilst initial results of the summer and early autumn were encouraging, a later storm caused
the Spar to separate from the anchor. The Spar was eventually located 16 miles away from
the deployment position. Whilst there were plans to redeploy the system these were
eventually abandoned due to a lack of funds for design modifications and because the
system, when separated from the anchor, posed a threat to other marine users. Cheney et
al. (Ref: 2010) report the findings of the post-trial evaluation by Davis (Ref: 2003) with
respect to why the project failed in operational terms:
•
•
•
•

Inadequate evaluation of the environmental characteristics of the site (currents, seastate conditions, biological characteristics);
Limitations in the system design, including the anchor and flotation systems, with
respect to open water conditions;
An overreliance on divers for deployment and servicing of the system;
Difficulties in securing and retaining the scallops.

There are also lessons to be learned in terms of the economics of working offshore. The
system, whilst technically advanced for the time, was expensive, especially when compared
to the value of the shellfish that could be cultured on one Spar system. Final conclusions by
Cheney et al. (Ref: 2010) were that the level of production must be large enough, and
deployment and maintenance strategies effective enough, to offset the high costs that can be
involved in developing systems that can withstand the high energy offshore environment.
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2.5.4 Potential Interaction Type / Level with Offshore Wind Farms
This review of possible cultivation methods for king scallops in offshore wind farms can
broadly be described in terms of either seabed culture or fixed gear suspended culture. The
interaction types and levels for these types of operations are described in Section 2.2.4. The
use of weighted cages is described in Section 2.6.3 and the interaction level associated with
this type of system is described in Section 2.6.4.
The Operational Issues Parts A to C (Sections 6 to 8) describe in detail how safe working
practises could be developed by aquaculture operators working with wind farm operators

2.5.5 Economics and Markets
Economics; As with the Pacific and native oysters (see Sections 2.2.5 and 2.3.5) there
appears to be very little literature available concerning the economics, either actual or
predicted, of offshore scallop culture. This is perhaps to be expected given the current low
level of actual offshore production that takes place. The Seafish Economic Model contained
as part of the Hyperbook series may also be of some use in predicting the results of various
production scenarios (see Section 2.2.5).
Of the literature available Laing (Ref: 2002) states that for seabed cultivation based on
seeding 75,000 scallops per year, with 15% mortality and harvesting by diver collection,
commencing after 3 years, the profit is 23% of costs. However, Parsons and Robinson (Ref:
2011) state that there are several factors that make scallop aquaculture marginal at best in
economic terms at present. These factors include the high cost of wild seed, when available,
and the relatively long grow-out time, that they estimate as greater than 3 years from egg to
a minimum marketable shell size of 10cm. The high capital and labour costs, especially of
ear hanging, are stated as making seabed cultivation more attractive for aquaculture. Cano
et al. (Ref: 2000) stated that Southern Spain was one of the only regions where grow-out
time for suspended culture would be economic. They estimate that scallops can be ongrown to 10cm in approximately 18 months in that region.
Markets; Scallops are marketed either in-shell (usually alive) or as shucked meats (shell
removed). The traditional European market is for roe-on meats (adductor muscle plus roe)
(Source: Seafish Responsible Sourcing Guide). As described in Section 2.5.1 there is a
strong market demand for king scallops with the price normally dictated by shell size and
meat quality. Aquaculture derived scallops generally have an advantage in this respect as
the product is likely to be of high quality, fresh or live and will have continuity of supply. In
terms of wild capture fisheries the scallop is the 2nd most valuable shellfish capture species
worth an estimated £62.7 million in 2011 (52,900 tonnes). It is also the 4th most valuable
export species overall from the UK with an estimated worth of £90.0 million for the 13,700
tonnes exported in 2012. See Section 2.7.5 for capture, export and market data.
In cultivation, King scallops are generally considered ready for market when larger than 120
mm shell length (at approximately 250g live weight, giving a meat yield of 55 to 60 g). The
time taken to reach this size varies depending on location e.g. 3 to 4 years from spat
collection in the south of England vs. up to 5 to 6 years in Scotland. When divers harvest
king scallops off the seabed, they can select just those that are large enough to sell. Divercaught scallops are a premium product and can generally be sold for a higher price than
scallops dredged from a commercial fishery (Source: Seafish Hyperbook).
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2.6

European Abalone Cultivation

2.6.1 Overview and Background to Cultivation Activities in the UK
The European abalone (Haliotis tuberculata), or ormer as it is more commonly known (see
Figure 32), is a high value gastropod mollusc native to the British Channel Islands and
mainland Europe. The ormer is an herbivorous grazer that feeds on macroalgae. This
species is normally found on rocky shores, from Mean Low Water to depths of about 40m,
commonly feeding on rocks covered with encrusting red algae (Source:
http://www.marlin.ac.uk/speciesinformation.php?speciesID=3450. It is understood that this
species has a winter temperature minima of 8oC after which mortalities will occur.

Figure 32: The European abalone shown feeding on Palmaria palmata
(Source: Sylvain Huchette, France Haliotis SRL)

Native/Non-Native Status; The Wildlife and Countryside Act 1981 (amended) is the main
piece of legislation regulating the release of non-natives in Great Britain. Under Section 14(1)
of this Act, it is an offence to “release or cause to escape into the wild” any animal which:
a) is of a kind which is not ordinarily resident in and is not a regular visitor to Great
Britain in the wild state; or
b) is included in Schedule 9 Part I.
The European abalone is a native of Great Britain within Channel Island waters. Clarification
on the status of this species was sought in 1996 from the Ministry of Agriculture Fisheries
and Food (MAFF the predecessor of the current DEFRA) who declared “I can confirm this
species is considered to be native to British waters, therefore introductions do not require
licensing under the Wildlife and Countryside Act 1981.” Schedule 9 Part I is a supplementary
list of nuisance non-native species within which the European abalone is also not listed
(www.jncc.gov.uk/PDF/waca1981_schedule9.pdf).
This suggests that the European abalone Haliotis tuberculata has native status and is able to
be cultured in open coastal waters. There remains some debate as to the correctness of the
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distinction of whether “British waters” relate to just “Great Britain” (i.e. England, Scotland and
Wales) or the “British Isles” (i.e. including the dependencies of the Isle of Man and the
Channel Islands). The “British-ness” of the ormer remains contested by the Marine
Biological Association (MBA).
The MBA believe that the ormer is non-native on
constitutional, historical and biogeographical grounds. A particular concern raised was not
so much that the ormer would become a pest but more that management would be difficult
and that significant damage would occur from ‘boulder turning’ during wild harvesting (Keith
Hiscock, pers. comm.). However, low water harvesting of ormers occurs in the Channel
Islands and France without reported damage in common with abalone harvesting around the
world.
The South West Abalone Growers Association (SWAGA) undertook a legislative review (Ref:
FitzGerald, 2008) and concluded that the spirit of the legislation is intended to try and control
non-native species that do not “fit” within the ecological array of species within British waters.
To this end a Biotope Study (Ref: Baldock, 2007) was undertaken to assess whether the
species assemblage in the Channel Islands are dissimilar to that of South West England.
The results suggest that the areas are similar with comparable species assemblages. This
report was accepted by Natural England giving scope for culture within MPAs although to
date SWAGA has adopted a precautionary approach and culture has not to date been
undertaken in waters subject to additional designations under the Habitats Directive (see
also Section 2.6.2 regarding seed imports).
Pests, Diseases and the Offshore Environment; Diseases are thought to be the main
cause of recent severe stock reductions of wild abalone around the world. These diseases
have included withering foot syndrome (Xenohaliotis californiensis) in California, herpes-style
viral infections in Australia and Taiwan. Wild stocks of the European abalone are threatened
by several pathogenic organisms including X. californiensis, Vibrio harveyi and
Haplosporidium sp. Fouling by polychaetes can also cause severe stress or even result in
mortalities in ormers (Ref: Sustainable Development of European SMEs engaged in Abalone
Aquaculture, 2010).
Whilst an in-depth analysis of each of these diseases is outside the scope of this report, it
does appear that offshore culture could offer a degree of protection against these main
disease threats. For instance, X. californiensis (withering syndrome) only occurs at elevated
water temperatures of ~18–25°C in abalone with moderate to severe infections (Source:
http://www.oie.int/fileadmin/Home/eng/Health_standards/aahm/2010/2.4.07_X_CALIF.pdf).
Welsh or UK waters are unlikely to either attain or certainly sustain these temperature levels
for any period of time. Similarly, it has also been shown that higher temperatures increase
the sensitivity of abalone to V. harveyi and in work by Austin and Zhang (Ref: 2006) mortality
was significant only for temperatures above 18°C. Also, offshore it seems likely that there
will be less prevalence and therefore chances of infection by pest or fouling organisms.
Therefore the offshore environment could prove to be a viable environment in which to
culture the European abalone. Note: For an in-depth review of these differing diseases see
OiE, World Organisation for Animal Health (http://www.oie.int/).

2.6.2 Harvesting Classifications and Hygiene
As part of SWAGA’s development work, in 2008 the co-operative undertook a 3 year work
programme as an SME partner in an EC Framework 7 project entitled SUDEVAB
(SUstainable DEVelopment of European SMEs engaged in ABalone Aquaculture). Through
SUDEVAB (2008 to 2010) research was undertaken to provide evidence that abalone, as
gastropod molluscs, should not require a Harvesting Classification in the same way as
bivalve filter-feeding molluscs do under Regulation EC 854/2004. The Food Standards
Agency have now accepted that a Harvesting Classification (and by inference depuration) is
no longer required for this species.
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2.6.3 Production Levels and Techniques
SWAGA has been exploring the development of ormer culture in the region since the
successful field trials by Cornwall Sea Fisheries in 2001 to 2003. This has involved a lengthy
initial development stage to ensure that abalone culture can be undertaken both
economically and sustainably in the UK. As well as the SUDEVAB project, SWAGA has also
been active in several UK-based research programmes to help demonstrate and prove that
abalone culture is a sustainable and environmentally benign activity (Ref: Syvret, 2009).
Previous work has involved marine eco-system investigations to show that there will be no
negative environmental impacts through culture activities and assessments of sustainable
harvest levels of seaweed.
Seed Availability; The availability of high quality seed has been a key limiting factor to the
development of abalone culture in the UK. Previous attempts to run small scale UK
hatcheries have proved unsuccessful as individual growers have not had the resources or
manpower available to consistently produce large enough quantities of seed. High quality
abalone seed is however being successfully and consistently produced by the Brittany
hatchery France Haliotis (www.francehaliotis.com). Under previous legislation however,
differences in Approved Zone status between France and the UK, based on Marteilia and
Bonamia, had meant that this seed could not be imported even though abalone themselves
are not affected by these shellfish diseases or considered to be vectors for disease
transmission. Eventually in March 2009 with the introduction of the Aquatic Animal Health
Directive, enacted in England and Wales through the Aquatic Animal Health (England and
Wales) Regulations 2008, this situation changed (Ref: Sustainable Development of
European SMEs Engaged in Abalone Aquaculture (SUDEVAB), 2009).
The new Regulations brought into force a new “risk-based surveillance strategy” or approach
to prevent and control the spread of serious shellfish diseases. The European abalone,
having never been implicated in the molluscan shellfish diseases covered by the Directive,
was therefore now free to be moved between Member States subject to the correct
movement documentation and inspections. After first undergoing rigorous health screening,
abalone seed was therefore first imported from France by SWAGA in March 2009.
Production Techniques; Cage production is considered by SWAGA to be the type of
culture technique most likely to prove attractive to existing industry looking to diversify,
especially when compared to the relatively high capital set up costs of onshore recirculation
technology. A series of investigations were carried out in 2008 to test the suitability of two
sea cage systems for use in UK waters. These systems consisted of macro-containment
units, supplied by the French abalone specialist France Haliotis (see Figure 33), and microcontainment systems based on the innovative ORTAC cylinder system. These trials carried
out in Cornwall tested both systems in terms of both physical integrity and culture suitability
taking into account environmental parameters such as dissolved oxygen levels, pH changes
and water exchange.
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Figure 33: Early version of a French abalone culture cage being tested by SWAGA in UK
conditions
(Source: Aquafish Solutions Ltd.)

Later, as part of the SUDEVAB Project, a new patented cage system for abalone was
developed by Jersey Sea Farms. Called the Abblox, this is a 1m cubed precision-moulded
structure made of a mix of HDPE and silicone rubber that gives a virtually non-stick surface.
The Abblox has a continuous mesh which allows free passage of water thus avoiding the
‘dead zones’ found in other structures (Ref: Legg, 2012).
The Abblox system has been adopted by France Haliotis in Brittany as their primary method
of offshore culture for the ormer. France Haliotis have developed a steel cage to enclose 4
Abblox in one unit thus providing a stable structure for use offshore. The four Abblox
arrangement is also within the normal operating parameters for their service vessel in terms
of weight to be lifted and weight/stability on deck. Figure 34 shows a steel cage being lifted
on deck for servicing and maintenance. The abalone are fed every two weeks with
macroalgae, of which the red Palmaria palmata is considered to be the best in terms of
acceptability to the abalone and growth performance. Artificial diets were investigated as
part of the SUDEVAB Project in order to help fill the seasonal gaps when wild fresh
macroalgae was not so readily available. Artificial diets are now available for abalone as are
dried seaweed feeds suitable for use in cages i.e. acceptable to the abalone, promoting
growth and with reasonable water stability.

Figure 34: Abblox units used for nearshore abalone farming in a 4 unit steel cage system
(Source: Tony Legg, Jersey Sea Farms)

It is considered likely that using this France Haliotis steel frame arrangement, that the Abblox
units could withstand wave conditions of 8m+ (Tony Legg, Jersey Sea Farms, pers. comm.)
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although no tests in exposed offshore environments have so far been carried out. Given the
requirement to feed the abalone every two weeks using this system configuration, then it
seems likely that when considering their potential use in offshore wind farms, that the
nearshore wind farms would be more practical in this respect. Based on a nearshore ongrowing location, another possibility may be to develop an operational protocol whereby the
cage units are recovered every two weeks and either brought back to shore or held close to
shore in a sheltered environment for normal servicing activities such as cage cleaning,
feeding of the abalone, mortality removal, cage repairs and less regular husbandry
operations such as grading of the abalone. It has also been suggested (Andrew FitzGerald,
pers. comm.) that there may be the potential in the future for developing ‘intermediate’ type
structures for holding cage units whereby the units are ‘docked’ into a discrete grow-out unit
firmly fixed or moored to the seabed. It is understood that a similar system is used for
offshore cultivation of bivalve shellfish in Australian waters (Reg Breakwell, Tooltech, pers.
comm.).

2.6.4 Potential Interaction Type / Level with Offshore Wind Farms
The current use of the cage unit housing four Abblox units (see Figure 34) by France Haliotis
in a nearshore, sheltered environment allows either individual cage deployment with a
buoyed marker or deployment in-line connected by a buoyed head-line. Given the
requirement to ensure that no wind farm assets are compromised by aquaculture structures
then it would not seem advisable to attempt to use individual cages, even in nearshore wind
farms. A more robust and stable system would be to have individual cages in-line and linked
by a sunken head-line. The head-line would be buoyed and marked at each end and would
require a secure anchoring system for which the use of screw anchors would be
recommended (see Operational Issues Part B, Section 7 for a review of anchoring methods).
Lifting of the cages for servicing etc. would be undertaken by picking up the head-line near to
the terminal buoy and then working along the head-line until each dropper for the individual
cage were located. The cages could then be recovered and either serviced and returned onsite or unclipped and returned either to shore or a sheltered nearshore area for servicing.
The use of a secure anchoring system at the terminal ends of the head-line should help to
ensure that any movement of the cages on the seabed is limited to a known and calculable
arc. As such these linked cages could be deployed at a safe distance from the wind farm
assets (see Operational Issues Part C, Section 8 for a discussion of risk-based exclusion
zones).

2.6.5 Economics and Markets
Economics; As part of the SUDEVAB project an in-depth investigation was carried out of the
relative production costs for abalone between onshore recirculation production systems and
offshore cage culture. The findings for the nearshore sea cage system are shown in Figure
35.
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Figure 35: Economic analysis of France Haliotis abalone sea cage system based on a sale
price of €60/kg
(Ref: SUDEVAB, 2010)

The key variables that relate to this cost breakdown for sea cages are as follows (Ref:
SUDEVAB, 2010):
• Feed conversion ratio using seaweed FCR= 1:10 to 1:15 with feed cost approx.
€0.50/kg
• Juvenile cost will be directly affected by on farm mortality and harvest size
• Labour is limited to feeding (once a fortnight), grading and maintenance of the
system. There is no daily feeding or cleaning required in this system. The system
remains competitive despite its longer production cycle (when compared to recirculation systems) because of the low labour cost.
• Depreciation is limited because the investment costs are relatively low in this system.
The high market price available for this species in European markets coupled with the
relatively low labour inputs and costs means that there is potentially a high net margin
achievable through the culture of this species.
Markets; France Haliotis have been involved in a significant amount of market research and
promotion and examples of the types of recipes currently being developed by French chefs
are shown on their website. Their abalone are creating a great deal of interest amongst high
quality restaurants as can be seen by their inclusion on the menu of the renowned Le Cinq
restaurant of the George V Hotel in Paris. The lack nowadays of wild fished ormers and
currently low levels of aquaculture production in France mean that prices can be highly
variable. However, minimum prices per kilo for the wild fishery market are around €39/kg but
can reach up to €160/kg depending on how they are sold. A marketing study carried out as
part of SUDEVAB (Ref: 2010) concluded that there is a strong demand for “live” high quality
European abalone in Europe, and that these abalone were also seen as premium products in
the major Far Eastern markets. France Haliotis receive €60+ per kilo live abalone from
European customers. World abalone prices are still controlled by Chinese and Japanese
buyers, and are closely linked to species, size, taste, texture and quality. Although abalone
prices in general have weakened since 2010 due to economic pressures worldwide, the top
grades of abalone have remained stable, partially due to supply shortages due to disease
and stricter controls on landings, and thanks to the prestige value of abalone in Far Eastern
delicacy dishes. Product form does not significantly influence price with dried and tinned
products being as expensive as live. The European species has been favourably compared
to the Australian, Californian and Japanese top grade species, and as long as production
focuses on quality, the European abalone will continue to command a top price worldwide.
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2.7

Lobster Ranching and Enhancement

2.7.1 Overview and Background to Cultivation Activities in the UK
The European lobster (Homarus gammarus L.) is an aggressive, highly prized fishery
species. Over the last 20+ years considerable research effort has been focussed on
enhancing lobster stocks (see Figure 36) through the release of juveniles, both in the UK and
abroad, particularly the US (Ref: Linley et al., 2007). Whilst the subject of this current study is
primarily focussed on mollusc aquaculture, the European lobster is reviewed in terms of its
cultivation to juvenile size within lobster hatcheries and its potential for ranching or
enhancement of local stocks as a fisheries mitigation measure for impacts of offshore wind
farm development (Ref: Linley et al., 2007; Blyth-Skyrme, 2010).

Figure 36: European lobster (Homarus gammarus) and berried female
(Source: Left-hand Image – Sue Daly; Right-hand Image – Craig Burton)

The European lobster is found around all British and Irish coasts. Its normal habitat is rocky
substrata, living in holes and excavated tunnels from the lower shore to about 60m depth
(Source: http://www.marlin.ac.uk/speciesinformation.php?speciesID=3519#). The European
lobster is an omnivore that feeds mainly on sea-bottom invertebrates such as crabs,
molluscs, sea urchins, polychaete worms and starfish, but may also include fish and plants in
their diet (Source: http://www.orkneylobsterhatchery.co.uk/lobsters.html).
Native/Non Native Status; The European lobster is a native species and as such there are
no non-native issues to be considered.
Diseases and the Offshore Environment; The import of the American lobster (Homarus
americanus) from North America and Canada has led to the introduction and spread of the
bacterial lobster disease Gaffkaemia (Ref: Beard and McGregor, 1991). However, this
appears to be a disease whose impacts are limited to facilities holding wild-caught animals
with no observed impact on wild lobster populations (Ref: Rodgers et al., 2011). It is unlikely
therefore that Gaffkaemia will impact lobster hatchery production as no non-native species of
lobster will be held in these facilities.

2.7.2 Harvesting Classifications and Hygiene
The European lobster, unlike bivalve molluscs, is not subject to Harvesting Classifications.
Seafish in their Guide to Handling and Storing Live Crustacea state that in terms of food
safety, live crustacea is generally considered a low risk product. The only food safety issues
with regard to wild caught crustacea around the British Isles appear to relate to the
bioaccumulation of heavy metals such as cadmium in what is referred to as the ‘brown meat’.
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2.7.3 Production Levels and Techniques
The National Lobster Hatchery based in Padstow, Cornwall and the Orkney Lobster Hatchery
are currently the only UK lobster hatcheries which regularly produce significant numbers of
juvenile lobsters for release. The National Lobster Hatchery is a marine conservation,
research and education charity. The Orkney Lobster Hatchery is managed and funded by
Orkney Sustainable Fisheries. There is also a lobster hatchery based in North Wales which
operates as part of the Anglesey Sea Zoo. The Lobster Hatchery for Wales was jointly
funded by the Sea Zoo and Objective 1 funding. However, production and release figures
are not comparable with the National or Orkney Lobster Hatcheries with release figures
stated on the website of 3,000 since 1989.
The Hatchery International publication reports (Source: July/August, 2013) that there is also
a lobster hatchery under construction in Eyemouth in Scotland. They also report that there
appears to be Scottish Parliament support to assess the feasibility of establishing four lobster
hatcheries around the coast of Scotland, a move that has been suggested by the Scottish
Creel Fishermen’s Federation (SCFF) as a possible solution to recent significant drops in
catches.
What is clear is that most lobster hatcheries, whatever their funding or constitution type, are
set and run in order to help conserve local lobster stocks. If there was to be any major
fishery enhancement or regeneration efforts around the Welsh coast then it is likely that a
large dedicated hatchery or several smaller hatcheries would be required. There may be
scope to expand the facilities and production at the Anglesey Sea Zoo or alternatively a new
purpose built facility might be required. The small-scale hatcheries proposed by the SCFF
have an estimated set up cost per hatchery of about £100,000 and it is stated that these
would be run by four people working for part of the year (Ref: Dodd, 2013). This model does
however have potential problems in terms of the year-on-year provision of skilled and
experienced staff for only limited periods of each year. The economics of setting up a
hatchery are also discussed in Section 2.7.5.
Juvenile Lobster Production; CEFAS state (Source: Shellfish News 35, 2013) that total
juvenile lobster production by the Padstow Lobster Hatchery in 2011 was 20,000 which is an
increase on 2010 when 12,000 juveniles (Source: Shellfish News 33, 2012) were reported as
being produced and on 2009 when 11,000 juveniles were produced (Source: Shellfish News
31, 2011). The NLH website states that releases in 2011 were 32,000 and the website for the
Orkney Lobster Hatchery states that current lobster releases are now over 100,000 per year.
Hatchery Production Techniques; An overview of lobster cultivation in terms of hatchery
production is given in the Seafish Information Leaflet which is available as follows:
http://www.seafish.org/media/Publications/Lobster_Cultivation.pdf
Offshore Ranching; Wilding and Sayer (Ref: 2002) cite Jensen et al., (Ref: 2001) when they
report that Artificial reefs may be used for a variety of purposes, including coastal defence,
fisheries protection, environmental rehabilitation and as a basis for fisheries enhancement.
Colonisation of new artificial reef structures has been shown to be rapid in other studied
areas. One such example was the Poole Bay Artificial Reef scheme where within a few
weeks lobsters were observed in or around the structure (Ref: Jensen et al., 1994).
Figure 37 gives an overview of some differing co-location or multi-use options throughout the
various stages of the development and operation of an offshore wind farm.
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Figure 37: Multi-use options for marine space during the development and operation of an
offshore wind farm
(Source: Linley et al., 2009)

Figure 37 shows that the use of scour protection or rock armour, or even the creation of
separate artificial reefs, during the construction and protection of offshore wind farms does
have potential to generate additional environmental and fisheries benefits. One of these
benefits could be the enhancement or regeneration of fisheries for the European lobster.
Linley et al. (Ref: 2007) state that there is potential for augmenting local lobster fisheries,
through habitat provision, in habitat-limited circumstances, provided that area is suitable for
lobsters. It appears that areas which might be considered high energy sites e.g. motile
sediments, wave induced currents are not generally considered suitable for lobsters. Linley
et al. conclude that the potential for offshore wind farms to augment local fisheries at any
given site requires a systematic assessment of the extent to which the habitat is currently
limiting the population size (and size-structure).

2.7.4 Potential Interaction Type / Level with Offshore Wind Farms
The type of seeding operations associated with deploying juvenile lobsters within wind farms
may have impacts on wind farm operations. Deployment of lobsters directly onto the base of
wind turbines could only be considered when the turbines are non-operational. Also, as
there is a minimum 50m exclusion zone around turbines, then permission would have to be
sought from the wind farm operator before any vessels could enter the exclusion zone in
order to deploy juvenile lobsters. Deployment of juvenile lobsters onto rock armour
protecting cables would be less problematic in operational terms and current known methods
of deployment (e.g. by diver, by fishermen release, or pumped down tubes) should not
impact on cables. However it is suggested that such operations should be carried out with
the knowledge and agreement of the wind farm operator in order to ensure that there are no
clashes in terms of timing with planned maintenance work or other operational procedures.
There appears to be little emigration of lobster stocks away from suitable grounds (Source:
Seafish Information Leaflet). Therefore, where the introduction of juvenile lobsters into
artificial reef structures within an offshore wind farm is for fisheries re-generation purposes,
then it is possible that this may have a potentially negative effect from a wind farm
operational perspective. The negative impact that may arise would be the potentially
increased fishing effort in or around wind farm assets in response to the increased number of
lobsters that might be found within that locality. See Operational Issues Parts A to C
(Sections 6 to 8) for a detailed discussion of safe working practises within offshore wind
farms.
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2.7.5 Economics and Markets
Economics; It is not within the scope of the current study to review in detail the economics
of either hatchery production of juvenile lobsters or the ranching of released lobsters.
However a general review is presented with suggested further reading.
Whitmarsh et al. (Ref: 1995) predicted that in Northern Europe the minimum size of artificial
reefs made from concrete blocks and/or quarried rock required for commercial lobster
production is likely to be in the order of 5,000 tonnes. It seems almost certain that any
fisheries enhancement or restoration efforts within offshore wind farms will be focussed on
the Artificial reef effects of either scour protection of turbines or rock armour on cabling,
where these are put in place, and not on the creation of new reef structures.
Of course the use of scour protection and rock armour comes at a significant cost to the wind
farm developer or operator and because of this it will only be used where thought absolutely
necessary. Therefore the areas available within offshore wind farms for lobster fisheries
enhancement or regeneration may be limited in this respect. As an example, the Gwynt-YMor Wind Farm is anticipated to need scour protection on only 29 of its 160 turbines.
Whitmarsh (Ref: 2001) reviews the economics of ranching lobsters. In this review Whitmarsh
presents one piece of research by Borthen et al. (Ref: 1999) which showed that based only
on the recapture of released juveniles, that the recapture rate would need to be 23% for the
ranching program to break-even based on juvenile production costs at that time. However,
other scenarios including offspring generation produced a positive NPV at 14% recapture.
Early work on recapture rates in the UK by Addison and Bannister (Ref: 1994) indicated that
recapture rates were at that time very low, on average 1 to 2%, which would be too low for
ranching to be economically viable. Seafish (Source: Information Leaflet) however state that
recaptures rates may be as high as 5 to 10% although the basis for this figure is not stated.
The general conclusions that seem to be indicated in Whitmarsh’s review are that recapture
rates would need to improve and costs of juvenile production be reduced if lobster stock
enhancement in the UK were to become economically viable. For a detailed review of the
economics of artificial reef structures for lobster production see Whitmarsh et al., (Ref: 1995).
It should be noted of course that current financing of the operational costs of the National
Lobster Hatchery and Orkney Lobster Hatchery are based around income from tourists (e.g.
visitor centre and shop), donation and sponsorship, including Adopt a Lobster, and fisheries
support. In the latter case, the Orkney Shellfish Hatchery, through major Orkney shellfish
merchants, receives a levy for each lobster caught.
In terms of the costs of juvenile production in hatcheries, Seafish have carried out a study on
the Orkney Lobster Hatchery (Ref: Burton and Adamson, 2002). This study is available via
the Seafish website at:
http://www.seafish.org/media/Publications/SR486.pdf
Seafish have also previously produced a General Lobster Hatchery Economic Model. This
model is based on data derived from studying the Orkney hatchery combined with data
gathered from other sources. The model seeks to provide a preliminary ‘generic’ model of
the economics of operating a lobster hatchery. In its present form, the model derived is a
useful indicator of lobster hatchery economics, but it is not intended to replace the
requirement for detailed project planning in any specific location.

Markets; The following capture, export and market figures were obtained from the Seafish
website (Source: http://www.seafish.org/media/market-data).
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UK landings by UK vessels
2007

2008

2009

2010

2011

Quantity
(000
tonnes)

Value
(£
million)

Quantity
(000
tonnes)

Value
(£
million)

Quantity
(000
tonnes)

Value
(£
million)

Quantity
(000
tonnes)

Value
(£
million)

Quantity
(000
tonnes)

Value
(£
million)

Nephrops

44.1

126.1

43.0

114.9

42.4

96.0

38.2

95.3

34.3

111

Scallops

26.7

38.8

27.6

42.4

34.1

47.0

43.0

54.7

52.9

62.7

Crabs

28.8

38.0

24.8

32.7

24.7

30.7

26.9

35.5

28.5

37.9

Lobsters

2.6

31.2

2.7

30.6

2.8

26.7

2.7

26.8

3.2

32.3

Squid

1.8

5.9

1.9

6.1

2.5

6.1

3.6

10.2

2.9

11.7

13.0

7.7

13.7

8.6

12.9

7.4

14.4

9.4

13.8

8.9

Cuttlefish

4.4

5.5

3.6

5.2

2.2

3.5

3.8

7.5

3.3

8.8

Other Shellfish

1.4

3.1

1.9

4.1

2.0

4.4

2.1

4.7

2.2

5.2

Shrimps and
Prawns

1.4

3.6

0.9

2.8

1.1

2.2

0.9

2.0

0.4

0.7

Cockles

11.5

7.4

14.0

7.2

2.6

7.7

1.3

1.5

0.6

0.6

Mussels

4.6

0.9

8.6

1.2

3.4

0.3

5.2

0.2

9.2

0.1

140.5

268.2

142.6

255.9

130.8

232.1

142.3

247.9

151.3

279.

Whelks

Total shellfish

Top export species
2011 Exports

2012 Exports

% Change

2012

Species

Value
(£000s)

Volume
(tonnes)

Value
(£000s)

Volume
(tonnes)

Value

Volume

Avg price
(£/kg)

Avg price
change %

Salmon

491,492

96,732

464,018

103,592

-5.59

7.09

£4.48

-11.84

Nephrops

125,518

17,824

102,464

14,239

-18.37

-20.11

£7.20

2.19

Mackerel

106,508

77,273

96,089

75,023

-9.78

-2.91

£1.28

-7.08

Scallops

95,829

17,818

90,022

13,618

-6.06

-23.57

£6.61

22.91

Shrimp & Prawns

80,716

14,685

72,714

13,628

-9.91

-7.20

£5.34

-2.93

Cod

101,214

36,125

55,605

20,237

-45.06

-43.98

£2.75

-1.93

Herring

22,847

32,978

51,458

63,880

125.23

93.70

£0.81

16.28

Crabs

90,719

19,854

47,970

14,206

-47.12

-28.44

£3.38

-26.10

Lobster

34,191

2,658

32,229

2,862

-5.74

7.69

£11.26

-12.47

Monkfish

27,306

3,872

14,202

2,446

-47.99

-36.82

£5.81

-17.68

Pollock

8,082

2,780

9,515

3,030

17.74

8.96

£3.14

8.05

Coley

11,033

5,801

9,099

4,531

-17.53

-21.90

£2.01

5.59

Haddock

8,352

3,094

3,816

1,720

-54.31

-44.41

£2.22

-17.81

587

453

556

349

-5.34

-22.99

£1.59

22.92

Plaice
Source: BTS Trade Statistics

In summary, these figures show that in 2011 at first landing the UK fleet caught 3,200 tonnes
of lobsters worth an estimated £32.3 million. Of these 2,658 tonnes was exported with a total
estimated value of £34.2 million. Lobsters are therefore the 4th most valuable wild capture
shellfishery in the UK and the 9th overall most valuable seafood export species from the UK.
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2.8

Macroalgae Culture

2.8.1 Overview and Background to Cultivation Activities in the UK
Macroalgae culture did not form part of the original project scope but was identified by
stakeholders at the first project meeting as being of interest. The main reason for this interest
was a perception that the production of macroalgae for biofuels would make the concept of
co-location more interesting and attractive to wind farm developers and operators, who
fundamentally, are involved in the production of energy not food products. Therefore, an
overview of aspects of the potential for macroalgae cultivation within offshore wind farms is
presented in this report. There is also an overlap between macroalgae cultivation and
shellfish culture activities as macroalgae are the main feed source, or could form the main
dried feed ingredient, for the European abalone considered in Section 2.6.
Due to time constraints, and the requirement to keep the focus of the work primarily on
shellfish, the current study can only provide a broad overview of the potential for macroalgae
cultivation within offshore wind farms. For more detailed discussions of individual macroalgae
please see the Case Study 2 on “Aquaculture systems developed for integration within
offshore wind farms in the German North Sea, including Alpha Ventus OWF” where the
sugar kelp (Saccharina latissima) and dulse (Palmaria palmata) are discussed.
Native/Non-Native Status; The macroalgae considered in this report, and of potential
interest generally for cultivation within UK waters, are all native species and so there are no
non-native species issues in this respect. As the macroalgae are settled onto on-growing
media within a hatchery-type environment then there should also be no issues with respect
to translocation of other non-native or pest species
Diseases and the Offshore Environment; Diseases are not known to be a factor at present
in the culture of macroalgae.

Seaweed Culture Strategies; Seaweed culture appears to fall into three main areas (Ref:
Syvret and FitzGerald, 2010a) which are described in general in the following sections:
1. Culture for seaweed production
2. Culture for nutrient scrubbing
3. Culture for biofuels

Seaweed Culture Optimised For Production
Seaweed culture from tetraspores to produce germlings and the subsequent culture to
harvest is a complex subject beyond the scope of this report. Nationally, CMar in Northern
Ireland and SAMs in Scotland have undertaken comprehensive seaweed work whilst both
Portsmouth and Plymouth Universities also have seaweed experts.
Examples of seaweed production for abalone feed: Monterey Abalone Company in
California has been culturing the red abalone (Haliotis rufescens) since 1992 utilising locally
harvested giant kelp (Macrocystis) (www.montereyabalone.com). A number of claims and
counter-claims have been made regarding the sustainability of this feed source and as such
the company has developed a proactive collaborative research programme into rope culture
with Mike Graham of Moss Landing Laboratories. Fish Farming International (Ref: 2007)
reports that Graham has worked with Gracilaria pacifica and Gracilariopsis andersonii which
are suitable for vegetative propagation and have grown well on 10m rope lines placed
offshore of Monterey Harbour. Growth trials at a variety of depths have established an
optimum depth at ~3 to 3.5m which gives good growth (up to 17cm in 2 weeks) without
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excessive epiphytic growth. A second phase of research in 2006 to 2008 included the
optimization of production and linking production to the support of commercial abalone
production. The company is activity marketing the apparent improved shell colouration
resulting from the diet. Seaweed culture developments in Chile in this respect are reviewed
in Buschmann et al. (Ref: 2005).
In recent years comprehensive studies have been performed in both France and in Northern
Ireland looking into longline cultivation of Palmaria palmata in terms of both its technical and
economic aspects. The work by CMar at Portaferry has compared longline productivity and
economics for both seedlings and tetraspore techniques and provides a comprehensive
model for seaweed production. The work conducted at SAMs in Scotland takes this a stage
further by growing Palmaria longlines alongside salmon pens to aid with nutrient scrubbing,
as considered further in the following section.
Seaweed Culture Optimised For Nutrient Scrubbing
The use of algae for the scrubbing of nutrients from fish farm effluent has received attention
from a number of workers in different areas of the world. This system clearly has the benefit
not only of removing potential pollutants from receiving waters but also of providing a ready
supply of feed material for other species.
BIOFAQs (BIOFiltration and AQuaculture) was an EU project led by SAM's at Oban running
from 2000 to 2003 that aimed to evaluate the effectiveness of 'biofilters' (biological filters) on
reducing the environmental impact of intensive mariculture (www.sams.ac.uk). SAMs then
carried on the work with a view to then feeding the enriched seaweed to herbivores such as
urchins or abalone.
SEAPURA is another related EU project that aimed to evaluate species diversification and
improvement of aquatic production in seaweeds purifying effluents from integrated fish farms.
This project ran from 2001 to 2004 and involved the Queens University (CMar) group with
Lynn Browne who performed the Palmaria longline work mentioned in the previous section.

Seaweed Culture Optimised For Biofuel Production
Scotland and Ireland have undertaken comprehensive reviews of the potential for both
macroalgae (seaweed) and microalgae to act as energy crops with culture both on the land
and in the sea. The Crown Estate has also commissioned The Centre for Process Innovation
to undertake a technical and economic study to evaluate the product options for the
processing of marine macroalgae on a commercial scale (Ref: Lewis et al., 2011).
BioMara (the Sustainable Fuels from Marine Biomass project) was a joint UK and Irish
project that ran from 2009 to 2012. Its aim was to demonstrate the feasibility and viability of
producing third generation biofuels from marine biomass.
The project investigated
macroalgae (seaweeds) and microalgae (single-celled plants) for their potential to provide
sustainable fuel. In addition, the project studied the environmental, social and economic
impacts of using marine biofuel.

2.8.2 Production Levels and Techniques
There have been numerous studies looking at the technical aspects of offshore macroalgae
culture. Buchholz et al. (Ref: 2012) cite Buck et al. (Ref: 2008) as a review paper in this
respect. Macroalgae have proved to be suitable candidates for offshore culture and can
exhibit morphological adaptations to these higher energy environments. An example of such
an adaptation is shown in Figure 38 which compares the same species of macroalgae under
high and low energy growing environments.
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Offshore location

Sheltered location

Figure 38: Morphological adaptation of macroalgae to offshore high energy environment
(Source: Ref: Buck and Buchholz, 2005)

It can be seen that under the high energy conditions the blades adapt and have a more
streamlined shape when compared to the lower energy environment.
System designs utilised for macroalgae culture have varied from longlines similar to that
used for rope-mussel cultivation (see Section 2.4.3) through to designs created specifically
for macroalgae culture, such as the offshore-ring structure developed by the Alfred Wegener
Institute shown in Figure 39.

Figure 39: Offshore-ring system for macroalgae culture shown with fully grown Laminaria
saccharina
(Ref: Buck and Buchholz, 2004)

Buck and Buchholz (Ref: 2004) report that this system has been successfully tested in the
North Sea approximately 3.5 miles off the German coast, The ring is said to have withstood
strong current velocities and wave heights associated with rough sea conditions. A
schematic of the ring design (Patent DE 10 2004 010 652) is shown in Figure 40.
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Figure 40: Schematic of the AWI offshore-ring macroalgal culture system
(Ref: Buck and Buchholz, 2004)

The macroalgae is held on a culture line located between 1 to 1.5 m below the sea surface
on an outer ring-structure of 5m in total diameter. At this depth the macroalgae are protected
from wave motion induced damage or excessive UV radiation whilst still being able to
actively photosynthesise.
Another macroalgae system is currently being tested 9.5km off the Dutch coast in
collaboration between a renewable energy consultancy, Ecofys, and the NL Agency a
division of the Dutch Ministry of Economic Affairs, Agriculture and Innovation. The intention is
to see if this system (see Figure 41) could be co-located with offshore wind farms to provide
an additional revenue stream from the same marine area through the production of highvalue food products.

Figure 41: Ecofys macroalgae system shown at launch and on-site in Dutch waters

The innovative seaweed cultivation module, which measures 20 by 20 meters, consists of a
set of steel cables, held two metres under the sea surface by anchors and floating buoys.
Horizontal nets measuring 10 by 10 meters are suspended between the cables to which the
macroalgae are attached. Ecofys state that the trial will show whether the module is ‘position
accurate’ and therefore suitable for seaweed cultivation in offshore wind farms. Ecofys’
partner, the Energy Research Centre of the Netherlands (ECN), is investigating the
possibilities of ‘bio-refining’ seaweed into proteins, components for biofuels and fuel for
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energy generation. The Ecofys website describes how they directed the module’s realisation
in a consortium with Eneco, ECN, BLIX, Van Beelen Netting, Pipelife, Ocean Harvest, VIRO
and De Vries & Van de Wiel. The Royal Netherlands Institute for Sea Research (NIOZ)
facilitated the construction of the module in its harbour, supported by local contractors. The
Dutch Ministry of Economic Affairs, Agriculture and Innovation provided the funding through
a so-called ‘Small Business Innovation Research’ (SBIR) scheme for research into seaweed
cultivation (through Agentschap NL) (Source: http://www.ecofys.com/en/press/ecofyslaunches-trial-module-for-seaweed-cultivation-in-offshore-wind-farm).
As of December 2012 the system had been at sea for eight months and had so far
successfully survived the prevailing wind and wave conditions. Ecofys are now looking to
secure funding to instigate further trials using a larger 1km square site in the North Sea. It
appears that these trials would run over 3 years and provide operational and production data
that could help to inform and develop a business model for the co-location of macroalgae
cultivation with offshore wind farms. Management factors that will be investigated will include
whether WFOs should harvest the seaweed themselves or whether some form of lease
arrangement with an aquaculture organisation would be preferable. Also, Ecofys will look at
how macroalgae cultivation within offshore wind farms might interfere with WFO’s normal
maintenance schedules as well as the wider implications for health and safety whilst
operating within offshore wind farms. In terms of operational challenges, Ecofys state that
developing and finding the correct method of deploying an efficient harvesting system is a
priority
(Source:
http://social.windenergyupdate.com/health-safety/agri-offshore-windseaweed-cultivation-and-offshore-wind-farms-could-create-new-power- ).
There are other pressing needs for research if large-scale offshore macroalgal culture is to
become economic. Dunningham and Atack (Ref: 2012) report that whilst the current labour
intensive seeding systems may remain economic for the higher value macroalgae products,
much more industrial-scale and efficient seeding systems will be required if macroalgae for
biofuels is ever to become economic. They also report that Marine Scotland has now
granted a marine licence covering an area of 35 hectares, near the Isle of Lismore in
Scotland. Construction at the site will begin at the end of 2012, for full‐scale grow‐out trials in
2013. This project forms part of The Crown Estate’s Macro-algae Supply Chain Project
(MSCP). As these larger production levels are achieved then this will of course bring with it a
need to undertake environmental impact research as well as an assessment of the wider
ecosystem services that this may provide.

2.8.3 Potential Interaction Type / Level with Offshore Wind Farms
Roesijadi and Huesemann (Ref: 2008) describe the failure of the extensive 1980’s US
Marine Biomass Program which investigated the technical and economic feasibility of the
large-scale culture of macroalgae offshore. It appears that the failure of this Program in
operational terms was principally due to the tethering of the structures (which limited
deployment to relatively shallow areas) and the mechanical nutrient upwelling systems
required to ensure adequate growth, which are both now considered to be major design
flaws. For large-scale biomass production of macroalgae Roesijadi and Huesemann (Ref:
2008) propose that a reasonable approach would be to combine the concept of a freefloating farm with dynamic positioning (both horizontal and vertical, to avoid storm damage)
in order that the macroalgae can be placed in areas with sufficient nutrients to ensure
adequate growth rates by the macroalgae. Whilst this system may be feasible for open
water locations, in terms of offshore wind farms, even with very accurate horizontal
positioning the risks to the wind farm assets are considered to be too great to envisage in
any successful co-location application.
The offshore-ring developed by AWI does not pose the same sort of issues as a free-floating
farm and it is considered that the risks to wind farm assets in this type of approach are
broadly comparable to other fixed gear aquaculture installations which are described
elsewhere in this report (see Section 2.4.3 on mussel cultivation).
_____________________________________________________________________________________________________
Section 2 – Aquaculture Opportunities
Page 79 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

2.8.4 Economics and Markets
It is estimated that worldwide the seaweed industry is valued at between US$5.5 to 6 billion
of which the main value is related to products destined for human consumption. The global
seaweed industry uses between 7.5 to 8 million tonnes of wet seaweed annually (Source:
FAO). Examples of edible seaweed species include Undaria (for food ‘wakame’ in Japan),
Gracilaria (for food and agar production) and Porphyra (for lava bread) which all fetch good
market prices. Economic feasibility studies have reported that strong markets exist for brown
and red algae (Ref: Buck et al., 2008). Algae can be utilised for food markets as a healthy
and ‘green’ biofood or utilised in other industries as an emulsifier, medicine or subsidiary
ingredient in foods (Ref: Buck et al., 2008). The use of seaweed for nutrient scrubbing is
described in Section 2.8.1 and there are now a number of schemes elsewhere in the world
where both seaweed culture and shellfish culture are used to mitigate nutrient loads to the
marine environment using a system of N credits.
As described previously, Buck and Buchholz (Ref: 2004) considered seaweed culture in high
energy Northern European waters using offshore-ring structures to provide a more stable
platform than conventional longlines. Although the technology was successful the potential
income from seaweed production was €40 per ring whilst the initial capital cost was €100 per
ring (assuming 10 year depreciation). This production cost does not include operational
costs let alone an allowance for the loss of systems within the 10 year payback period.
In terms of energy production, the seasonality and variable quality of macroalgae does pose
considerable operational issues. Conventional seeding of seaweed germlings in the early
spring will only generate harvestable biomass in the later summer/autumn of that year. This
does not therefore provide a continuous supply of raw material throughout the year to any
energy production applications, especially if it is used as the sole source of material for
biofuels.
In economic terms, BioMara has reported that their research has indicated that, as a
standalone commercial venture, using seaweed for energy generation is marginal at current
energy prices (Source: http://www.biomara.org/news/summer-2012-newsletter-published).
Lewis et al. (Ref: 2011) also reported that fermentation of seaweed to ethanol is not currently
an economic process and that anaerobic digestion based on plants fed only with seaweeds
does not look favourable on either a small or large scale. They estimated that the cost of
seaweed necessary to allow an economically viable anaerobic digestion process would need
to be of the order of £100 to £300 per dry tonne delivered which is in agreement with
Roesijadi and Huesemann (Ref: 2008) who described an equivalent biomass cost of corn at
US$250 per metric tonne delivered (equivalent to approximately £145 at 2008 exchange
rates). To put this in context, even ignoring drying and delivery costs, the figures given by
Lewis et al. (Ref: 2011) equate to a price in wet weight terms of £0.01 to £0.03 per kg which
is not currently achievable using existing technology for a cultivated product.
In summary, at least in the short to medium term any consideration of macroalgal cultivation
within offshore wind farms should be targeted at those species that can be used to supply
the market for high-value products such as that for food. Commercial-scale pilot trials would
help greatly in identifying the true costs of production and likely levels of offshore production
of these edible macroalgae. This would then in turn allow a proper economic evaluation of
the production of these species.
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2.9

Conclusions

From the overview describing the main candidate shellfish, crustacean and macroalgae
species the following conclusions have been drawn regarding the likely aquacultural
implementation of these species in Welsh offshore wind farms:

2.9.1 Advantages of Offshore Cultivation
Cheney et al. (Ref: 2010) give an excellent overview of the reasons why the offshore
environment should be considered for shellfish aquaculture. Briefly, these are as follows:
•

•
•

•

Reduction of production costs owing to larger farm design, economies of scale with
consequent reductions in unit production costs ultimately leading to increased
profitability. Increased efficiency that will be gained with experience of working
offshore and increased research efforts should help to recover the extra costs
involved with lease negotiations, new equipment costs etc. associated with working
offshore;
Nearshore farms may be space limited and subject to impacts of diffuse pollution and
microbial contamination;
Improved growth rates of shellfish have been experienced in the offshore
environment in the case studies considered by Cheney et al. (Ref: 2010). These
growth rates, meat yields and production rates are stated as being comparable to
those of the best inshore farms in those areas. Reasons stated for these increased
growth rates may include lower stress, reduced turbidity and better water exchange. It
seems likely that the lower stress levels quoted by Cheney et al. will probably relate
to the more constant environmental conditions offshore when compared to inshore
sites (for factors such as salinity, diurnal temperatures, exposure etc.).
Enhanced market image and perception linked to the idea that these offshore
cultivated shellfish are grown in pristine water conditions. This could be linked to
certification standards in terms of reduced environmental impacts, reduction on nonnative issues, shellfish hygiene etc.

2.9.2 Shellfish Species
Short-term; The most obvious candidate for economically viable commercial culture
operations in the short-term is the blue mussel (M. edulis). This conclusion is backed up by
research at the Alfred Wegener Institute whose analysis of co-location plans suggested that
mussels may prove profitable, but fin-fish and macroalgae culture require further engineering
(Ref: Fish Farmer, 2012). The North Hoyle trials have proved that existing technology and
operational practises for seabed mussel cultivation, in what might be termed nearshore wind
farms, can be successfully carried out without any negative impacts on wind farm operators.
Further work is however required to investigate the correct timing for laying seed mussels in
these highly productive waters and to assess if the physical characteristics of the site might
cause mussel mortalities due to possible smothering events.
The technology to grow mussels offshore on fixed gear
already exists (John Holmyard, Offshore Shellfish Ltd., pers.
comm.) and now needs to be refined through commercial
scale trials in offshore waters. Such commercial-scale trials
would also allow a proper and scientific investigation of the
environmental impacts of low density fixed gear mussel
culture as well as an assessment of the economic
performance of this technology (see Section 9,
Recommendations and Conclusions).
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Medium-term; It seems likely that once UK aquaculture operators have gained experience in
operating in offshore conditions with a commercially viable species, such as the mussel, then
there will be an opportunity to diversify into other shellfish species.
The under-supply into the French market, and consequent higher
prices, for Pacific oysters would seem to make this relatively hardy
oyster species an ideal next candidate for offshore culture. Trials
have shown that this species will grow successfully offshore and
that disease loads and risks of diseases such as Oyster herpes
virus may be reduced in the offshore environment.

Similar technology to that which could be used for Pacific oysters
would also be likely to work for native oysters. There is certainly a
demand for this premium oyster species and growing interest in
undertaking culture activities in this respect. Current low seed
availability is unlikely to be a long-term issue if shellfish hatcheries
decide that native oyster seed is economically viable to produce. It
might be anticipated therefore that following offshore Pacific oyster
culture, then a logical next species to trial would be the native oyster.
Medium to Long-term; Further developments in offshore culture within Welsh or UK waters
are likely to occur as the aquaculture industry becomes familiar and more experienced in
working offshore. This, added to investment in new aquaculture vessels, harvesting and
processing equipment etc. is likely to lead to further species being trialled offshore.
The high market demand and likely market acceptability of
farmed, as opposed to dredged, king scallops would make this
species worthy of investigation. It is thought that similar
equipment to that needed for oyster culture would be effective
for scallops.
However, the one factor that may well limit development of the
culture of this species is seed availability. Levels of wild settled spat can vary considerably
from year to year and this species has proved very difficult to culture reliably under hatchery
conditions (Ref: Syvret, 1997).
As the European abalone, or ormer, is a gastropod mollusc,
then unlike the bivalve mollusc species, it requires feeding. In
this way it has some similarities with that of offshore culture of
finfish. The ormer is already cultured in France in nearshore
conditions and it is possible therefore that this species may
lend itself to nearshore wind farm sites where it can be
serviced more regularly. The high-value and high relative
costs of seed mean that regular access and security of the site
are considered to be important factors in deciding on suitable sites for cultivation activities.
Lobsters are already produced in UK hatcheries such as the
National Lobster Hatchery in Cornwall and the Orkney
Lobster Hatchery. Lobsters produced by such hatcheries
are normally released into their local waters. There is one
existing lobster hatchery in North Wales but production and
release levels from this facility are low. Any increase in
production of juvenile lobsters in Wales would require either
the expansion of this existing facility or the development of
new hatchery capacity. It is thought likely therefore that lobster aquaculture with respect to
offshore wind farms will remain an activity associated with conservation of this species and
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localised fisheries enhancement. One additional possibility is that any new hatchery
development could conceivably be used to produce juvenile lobsters as well as bivalve
shellfish species such as Pacific and native oysters. Research might also be considered into
development of scallop hatchery techniques.
The multiple potential uses for differing types of macroalgae
from biofuels through to food products and the associated
ecosystem and environmental services that these algae might
provide, at face value would seem to make them an interesting
candidate for consideration in aquaculture activities within
offshore wind farms. The technology employed could be
similar to that of longline mussels or alternatively purpose
designed such as the ring design (Refs: Hickman, 1992; Buck
and Buchholz, 2004; Buck, 2007a). The free-floating farm
design proposed by Roesijadi and Huesemann (Ref: 2008) would not be compatible with use
in an offshore wind farm due to the potential risk it would pose to wind farm assets.
The report by Lewis et al. (Ref: 2011) for The Crown Estate does however seem to
corroborate previous studies which have indicated that the returns on seaweed cultivation for
energy generation purposes would be too low relative to production costs for dry delivered
material to make this a viable option, at least at present. Certainly, the scale of production
between that required for a steady supply of biofuel material and that required for high-value
niche food products would be very different. The existing hatchery techniques for the foodmarket macroalgae may still be economically feasible however it appears that further
research work is required to develop more economically efficient methods of seeding, ongrowing and harvesting for larger-scale production of these seaweeds (see
http://www.netalgae.eu/uploadedfiles/DUNNINGHAM_J_&_ATACK_T_(EN).pdf). Such ongrowing and harvesting methods would also require not only a technical and operational
assessment but also an economic assessment to ensure that this is a viable candidate for
aquaculture. Inclusion of macroalgae in the commercial-scale trials considered in Section
9.2.2 would seem warranted especially if it was on the basis of some form of IMTA producing
the higher value macroalgae products.
The main shellfish and macroalgal candidates for cultivation in offshore wind farms are
discussed and reviewed further in the Case Studies contained in Section 4 of this report.
Table 1 summarises the main points regarding the potential aquaculture candidates for
consideration in offshore wind farms.
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A summary of the potential shellfish and macroalgal species that could be considered for aquaculture is given in Table 1 as follows.
Table 1: Summary of the potential shellfish and macroalgal species for use in co-location with offshore wind farms
Species
Offshore Mariculture
Interaction Type/Level with
Economics of
Advantages
Technique / Location
Offshore Wind Farms
Production
Mussels
(Mytilus
edulis)

Nearshore;
1) Seabed culture

•
•

2)

•

Fixed gear:
suspended longlines

•
•
•
Offshore;
1) Fixed gear:
suspended longlines

Pacific
oyster
(Crassostrea
gigas)

Nearshore;
1) Cages on seabed in
shallower waters
2) Fixed gear: cages or
cylinders suspended
from longlines
Offshore;
1) Fixed gear: cages or
cylinders suspended
from longlines

Thought to be limited
Possibility of dredge impact
on cables
Semi-permanent structure not easily moved.
Buoys/head-lines may
interfere with WFO service
vessel access
Anchor drag might damage
cables
Potential for loose lines
tangling on WFO assets

-As above-

•
•
•
•

Semi-permanent structure not easily moved
Buoys/head-lines may
interfere with WFO service
vessel access
Anchor drag might damage
cables
Potential for loose lines
tangling on WFO assets

Limitations

General

Nearshore;
•
Seabed culture
profitable /
comparable with
existing practises
Offshore;
•
Relatively high
capital set-up costs
•
Large-scale farms
likely due to high
capital costs
•
Large volumes of
production required
•
See Buck et al. (Ref:
2010) paper

Nearshore;
•
Seabed culture already
trialled
•
Utilises existing
commercial technology
Offshore;
•
Technology already
exists for fixed gear
•
Artificial Reef effect
•
Potential for nearshore
recreational/charter
angling
•
Low density = potential
low environmental
impact
•
Increased potential for
mechanisation
•
Avoids pest & fouling
organisms such as tube
worms

Nearshore;
•
Seabed culture
limited to shallow
depths
Offshore;
•
Positive fixed gear
economics yet to
be proved despite
modelling
•
Offshore spat-fall
will be unknown

•

•

•

•

•

•
•

Currently only
carried out on
nearshore research
or pilot-scale basis
Economics of
production ∴ require
investigation
Strong French
market demand

•
•

Seed available
commercially
Research indicates
reduced disease loading
Will help to avoid
potential non-native
species issues (Note 1)
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•
•

Only limited
nearshore trials
carried out to date
Seabed cage
culture limited to
shallow depths
Offshore
technology
requires
development

•

•

•

•

Harvesting
Classifications may
be more
stable/higher
Potential for less
impacts through
microbial & HAB
contamination
Extent of potential
damage to cabling
through dredge or
anchor drag
unknown at
present – requires
assessment

Potentially avoids
disease e.g.
Oyster herpes
virus
Harvesting
Classifications may
be more
stable/higher
Potential for less
impacts through
microbial & HAB
contamination
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Native
oyster
(Ostrea
edulis)

King scallop
(Pecten
maximus)

European
abalone
(Haliotis
tuberculata)

Nearshore;
1) Cages on seabed in
shallower waters
2) Fixed gear: cages or
cylinders suspended
from longlines
Offshore;
1) Fixed gear: cages or
cylinders suspended
from longlines

•
•
•
•

Nearshore;
1) Cages on seabed in
shallower waters
2) Fixed gear: cages or
cylinders suspended
from longlines
Offshore;
1) Fixed gear: cages or
cylinders suspended
from longlines

•

Nearshore;
1) Cages on seabed in
shallower waters
(individual possible
but more likely
linked)
Offshore;
1) Cage culture linked
through sunken
head-line (e.g.
contained Abblox
system)

•

•
•
•

•

•
•

Semi-permanent structure not easily moved
Buoys/head-lines may
interfere with WFO service
vessel access
Anchor drag might damage
cables
Potential for loose lines
tangling on WFO assets

•
•

Unknown but likely
to be good
Pacific oyster
development would
inform

•

•

Avoids pest & fouling
organisms such as the
slipper limpet (Crepidula
fornicata)
BAP species under
NOSAP

Seed limitations
likely in the shortterm
Not been cultured
offshore previously
Seabed cage
culture limited to
shallow depths
Offshore
technology
requires
development

•

Economics
unproven at
present
•
Seabed cage
culture limited to
shallow depths
•
Seed availability
likely to remain
limiting given
hatchery difficulties
with this species &
variable wild
settlement
Offshore;
•
Requires regular
feeding with fresh
macroalgae or
artificial diet
•
Security
General;
•
Loss would be
expensive
•
Seed is expensive
compared to
oysters etc.
•
Native status may
prevent use in
MPAs

•

•
•
•
•

Semi-permanent structure not easily moved
Buoys/head-lines may
interfere with WFO service
vessel access
Anchor drag might damage
cables
Potential for loose lines
tangling on WFO assets

•
•

Buoyed head-lines would be
semi-permanent structure not easily moved
Terminal buoys may interfere
with WFO service vessel
access (unlikely for sunken
head-line)
Anchor drag might damage
cables
Potential for loose lines
tangling on WFO assets

•
•

•

•
•
•

Unknown
Good market
demand
‘Aquaculture’ product
likely to have high
market acceptance

•

High value product
Under supply to
market, especially in
Europe & Far East
Seed costs high
Economics known
for nearshore cage
culture
Estimated @55%
margin on €60/kg
sale price

Nearshore;
•
Already grown in
nearshore environment
in Brittany, France
Offshore;
•
A grazer and so not
limited by primary
productivity
•
Individual cages could
be removed for
nearshore/onshore
servicing
General;
•
On-growing allowed
outside MPAs

•

Avoids pest & fouling
organisms such as the
slipper limpet (Crepidula
fornicata)
Avoids adverse publicity
associated with dredge
fishing
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•

•

•

•

•

•

•

Potentially avoids
disease e.g.
Bonamia
Harvesting
Classifications may
be more
stable/higher
Potential for less
impacts through
microbial & HAB
contamination
Growing interest in
the culture of
native oysters
Will require a
Harvesting
Classifications but
this should be
more stable/higher
Potential for less
impacts through
microbial & HAB
contamination
(ASP in particular
an issue with
scallops)
Seed now
available for import
from a French
commercial
hatchery
As a gastropod it is
not a filter feeder
and ∴ not reliant
on phytoplankton
levels
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European
Lobster
(Homarus
gammarus)

Macroalgal
spp.

Nearshore & Offshore;
•
Seeding of scour
protection on
turbines and/or
cables (Artificial
Reefs)

Nearshore & Offshore;
1) Fixed gear:
suspended longlines
2) Circular fixed rings

•
•
•

•
•
•
•

Seeding around turbines
would require access to 50m
exclusion zone
Turbines would need to be
non-operational
Seeding unlikely to impact on
cables

•

Semi-permanent structure not easily moved.
Buoys/head-lines may
interfere with WFO service
vessel access
Anchor drag might damage
cables
Potential for loose lines
tangling on WFO assets

•

•

•

•

•

•

Not foreseen that
this would be a
commercial
aquaculture
opportunity
Economic advantage
is for commercial
fisheries

•

Multiple potential
markets across
range of potential
species
For high volume
production for
biofuels, costs of
production are
critical
Price for food-grade
seaweed or for
cosmetics may be
>€1/kg (Note 2)
To be viable as
energy biomass,
price would need to
be <€0.25/kg (Note
3)
Economics uncertain
at present

•

•
•

•

Increased abundance of
lobsters may increase
fishing activity in wind
farms
Potential for increased
entanglement/loss of
fishing gear on cables
Potential for increased
damage to cables

•

Multiple uses for
macroalgae (including
as feed for abalone)
Longline technology
similar to rope-mussel
production

•

Notes:
Note 1: Refs: Syvret et al., 2008a; Syvret & FitzGerald, 2008
Note 2: Ref: Buck and Buchholz, 2004
Note 3: Ref: http://www.netalgae.eu/uploadedfiles/DUNNINGHAM_J_&_ATACK_T_(EN).pdf Slides 5 & 14
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•

•

Juvenile
production limited
to a few hatcheries
run as charitable
organisations
New hatcheries
might be required

•

New commercialscale seeding and
on-growing
systems needed to
try and reduce
operational &
production costs
Technology not yet
developed for
mechanised
offshore harvesting
etc.

•

•

•

Restocking for
conservation &
fisheries
enhancement
Aquaculture aspect
relates to hatchery
stage of production

Trials underway in
Scotland to test
new seeding
systems (Note 3)
Commercial-scale
trials needed to
test economics of
production
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SECTION 3 – SHELLFISH MARICULTURE PERMISSIONS
AND LICENSING
3.1

Location of Welsh Offshore Wind Farms with Regard to
Legislation

There is a range of UK legislation covering activities within the marine environment each of
which covers a set distance from shore measured in nautical miles (nm).
Some of the principal marine works are shown in Figure 42 which gives an overview of the
main cut-off points for varying pieces of legislation in terms of distance from shore.

Figure 42: Geographical extent of principal marine works: England and Wales
(Source: http://www.marinemanagement.org.uk/licensing/marine/geographical.htm)

There are currently a variety of differing stages of wind farm developments off the Welsh
coast. These stages range from operational (North Hoyle and Rhyl Flats), under
construction (Gwynt-Y-Mor), concept/early planning (Rhiannon) and those areas with
potential (Celtic Array SW and NE).
It appears that Rhiannon Wind Farm Ltd. has so far made an Application for an Electricity
Generation License. The Celtic Array sites have had Metocean instrumentation deployed
and which is now operational. The joint owners of Rhiannon Wind Farm Ltd. and Celtic Array
Ltd. (Centrica Renewable Energy Ltd. and DONG Energy) appear to be prioritising Rhiannon
Wind Farm before development of the Celtic Array sites.

These wind farms are shown in Figure 43 in relation to 12nm limit and International Maritime
Boundary.
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CANE

CASW

RHN
GYM

NHE
RFS

Figure 43: Wind farms off the North Wales coast shown in relation to distance from shore
(Source: Top base map http://www.4coffshore.com/offshorewind/ ;
Lower base map http://www.kis-orca.eu)
Key:
RHN = Rhiannon Wind Farm (Round 3); 29.8km/16.1nm from centre / 19.0km/10.3nm edge to shore
GYM = Gwynt-Y-Mor (Round 2); 18.1km/9.8nm from centre / 13.0km/7.0nm from edge to shore
RFS = Rhyl Flats (Round 1); 10.7km/5.8nm from centre / 8.0km/4.3nm from edge to shore
NHE = North Hoyle (Round 1); 9.2km/5.0nm from centre / 7.2km/3.9nm from edge to shore
CE-SW = Celtic Array South West Potential (Round 3); 37.8kn / 20.4nm from centre to shore
CE-NE = Celtic Array North East Potential (Round 3); 57.8kn / 31.2nm from centre to shore
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In terms of distance from shore and territorial waters, North Hoyle, Rhyl Flats and Gwynt-YMor Wind Farms are within the 12nm zone, Rhiannon Wind Farm straddles the 12nm line
whereas the Celtic Array Potential Areas are outside of 12nm.

3.2

Licensing of Marine Aquaculture

The general licensing of marine aquaculture in English and Welsh waters is also defined in
terms of distance from shore. For instance, where seabed is owned by the Crown then The
Crown Estate (TCE) is responsible for granting aquaculture leases for deployment of
aquaculture equipment on the seabed (e.g. fixed gear such as in rope-mussel cultivation) out
to 12nm.
Licensing to undertake seabed cultivation where some rights of ownership or tenure accrue
to the aquaculture operator are normally granted through a type of Fishery Order known as a
Several Order under the Sea Fisheries (Shellfish) Act 1967 and these cover areas out to
6nm. It also appears that under Sec. 189 of the Marine and Coastal Access Act 2009, Power
of Welsh Ministers in relation to fisheries in Wales, that “Welsh Ministers may by order make
any provision in relation to Wales which the authority for an IFC district may make for that
district by a byelaw made under section 155” of the Act. This appears to cover the area out to
12nm as it relates to “Wales” under the same meaning as in Government of Wales Act 2006
(Colin Charman, Natural Resources Wales, pers. comm.). Sec. 155 covers the IFC district
duties under Sec.s 153 and 154. Sec. 153 seeks to ensure that “the exploitation of sea
fisheries resources is carried out in a sustainable way” where sea fisheries resources and
exploitation include shellfish aquaculture activities. It may be possible therefore that Welsh
Ministers might have the power to issue Fishery Orders out to 12nm under the Marine and
Coastal Access Act 2009 but this would need to be confirmed and the extent or limitations of
any such powers identified. It is recommended therefore that the extent and limits of the
powers of Welsh Ministers to control the sustainable exploitation of sea fisheries resources
under the Marine and Coastal Access Act 2009 be investigated.
The situation is complicated however when a lease has been granted to a wind farm
developer (WFD) and then operator (WFO) for an offshore wind farm. Todd (Ref: 2012)
reviews the impacts of marine renewable energy and public rights. Todd states that the
Energy Act 2004 has altered the public right to navigation through the setting of “standard
safety zones” of 500m during construction/commissioning/decommissioning or major
maintenance works of wind farms and 50m during operation of wind farms. As long as these
zones do not cause a “material interference” then it is not actionable. It appears that a similar
situation must apply to a public right to fish. The granting of a lease for a wind farm by TCE
grants rights to the WFD and WFO for the whole area for the sole purpose of producing
electricity. However, whilst not excluding public right to navigation, fishing or where there is
a grant of a “several fishery”, this lease to WFD/WFOs does appear to exclude TCE from
issuing a further lease within the wind farm area for any mariculture activities involving fixed
gear. This was also the general conclusion reached in the questionnaire survey undertaken
with WFOs by Mee and Kavalam (Ref: 2006) and then confirmed at their subsequent
stakeholder meeting (see project report for transcript of questionnaire responses). In their
SWOT analysis of aquaculture in offshore wind farms the absence of a TCE policy for other
economic activities within offshore wind farms was stated as a Threat that would act as a
disincentive to investment in this respect. Mee and Kavalam go on to state that the
development of offshore wind farms will lead to conflict with other profitable users and that
the only way to avoid this is to develop joint consents for multiple uses co-existing with each
other. Unfortunately the results of the current study indicate that the issuing of joint consents
or the potential for multiple uses of wind farm areas has not been implemented.
On starting the review of permissions, licensing and tenure for the current study it became
clear that there was a degree of uncertainty between different stakeholders about the actual
rights and jurisdiction over licensing of marine aquaculture both within and outside wind
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farms for the areas out to 12nm zone and then beyond 12nm, assuming an outer limit of the
extent of UK territorial waters. After initial discussions with Alex Adrian at TCE it was
decided to tabulate a list of questions surrounding these issues and to then circulate this to a
variety of stakeholders. The purpose of this exercise for areas out to 12nm and then beyond
12nm both within or outside wind farms was the following: (i) to provide definitive answers
regarding marine licensing within/outside offshore wind farms (ii) identify points of uncertainty
regarding licensing of marine aquaculture (iii) identify where there are gaps in knowledge
either generally or within specific sectors (iv) identify where there are either uncertainties
over, or gaps in, existing legislation. The questions asked were the following:
•

Licensing/Permissions;
o Who has control of and issues aquaculture licenses, and can offer legal
protection for shellfish stocks, in Welsh waters; for areas out to 12nm and then
beyond 12nm, for open waters and areas within offshore wind farms, for fixed
gear aquaculture (e.g. rope-mussel culture) and ‘ranching’ (e.g. seabed
cultivation of mussels)?
o Who derives an income stream from these licensing activities?

•

Consultees;
o Who are the consultees, both statutory and non-statutory for each form of
permission / licence? (e.g. Statutory Nature Conservation Agencies; Wind
Farm Developers/Operators; Welsh Government; Natural Resources Wales;
CEFAS)
o What is the extent of these consultee’s rights/powers? (e.g. right to inform /
advise / object / refuse)

•

Associated issues;
o Are there any other associated issues that need to be considered in licensing
or obtaining permission to carry out aquaculture activities in offshore wind
farms? Examples might include insurance for aquaculture operators and
exposure to liabilities. Other notes and comments?

The combined results of this data gathering exercise are presented in Section 3.3.

3.3

Stakeholder Responses to Marine Licensing Data Gathering
Exercise

The original questionnaire was populated with information supplied by TCE.
This
questionnaire was then circulated amongst a wide range of the Project Partners. Tabulated
responses were received back from Natural Resources Wales and the Marine and Fisheries
Division (Welsh Government). Written responses were received from the Sea Fish Industry
Authority, aquaculture industry representative, Marine Management Organisation,
RenewableUK and Centre for Environment, Fisheries and Aquaculture Science. Further
feedback and comment on the first version of the questionnaire was also received from TCE.
The combined responses are presented in the Tables 2 to 4 as follows. Shading of cells has
been included in these Tables in order to ease differentiation between license types etc.
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Table 2: Marine Aquaculture Licensing/Permissions
•

Who has control of and issues aquaculture licenses, and can offer legal protection for shellfish stocks, in Welsh waters; for areas out to 12nm and
then beyond 12nm, for open waters and areas within offshore wind farms, for fixed gear aquaculture (e.g. rope-mussel culture) and ‘ranching’ (e.g.
seabed cultivation of mussels)?
• Revenue generation; who derives an income stream from these licensing activities [to who is a license fee payable]?
To 12nm for Fixed Gear Aquaculture To 12nm for Seabed Cultivation
Beyond 12nm for Fixed Gear
Beyond 12nm for
Control & Issue of
(‘ranching’)
Aquaculture
Seabed Cultivation
Aquaculture Licenses by

License Type
License Type
Open
Waters

Crown Estate Lease

Control / Issuer

Open
Waters

License fee
payable to

The Crown Estate
The Crown Estate: No application
fee; annual rent reviewed every 5
years

License Type

Marine License from Marine

TCE do not cover leases for
‘ranching’ (relaying/dredging
shellfish). Public Right to Fish as
seabed lease confers no rights
to shellfish

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Consents Unit of NRW for deposition
of equipment where not exempt
(e.g. hazard to navigation) – MCAA
2009 – otherwise Notification of an
exempt activity form still required.

Marine License from Marine

N/A

Consents Unit of MMO for
deposition of equipment where not
exempt (e.g. hazard to navigation)
out to 200nm – MCAA 2009 otherwise Notification of an exempt
activity form still required.

Control / Issuer

NRW

N/A

MMO

N/A

License fee
payable to

MCU (WG) in Wales or MMO in
England

N/A

MMO in England

N/A
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Open
Waters

Open
Waters

Within
Offshore
Wind
Farms

License Type

N/A

Fishery Orders (Regulating
& Several) - Sea Fisheries
(Shellfish) Act 1967 - to 6nm
OR possibility of a Fishery
Order under Marine and Coastal
Access Act 2009 to 12nm (needs
to be confirmed)
Welsh Ministers through Welsh
Government

N/A

N/A

N/A

N/A

Control / Issuer

N/A

License fee
payable to
License Type

N/A

Welsh Government

N/A

N/A

N/A

General Fishing Licence

N/A

General Fishing
Licence or MUS 2

or MUS 2 Licence – in relation
to sourcing mussel seed stock

Licence – in relation
to sourcing mussel
seed stock
MMO / WG

Control / Issuer

N/A

MMO / WG

N/A

License fee
payable to

N/A

License seller for general fishing
license and No fee for MUS 2

N/A

Crown Estate Lease (but only if

TCE do not cover leases for
‘ranching’ (relaying/dredging
shellfish). Public Right to Fish as
seabed lease confers no rights
to shellfish
N/A

N/A

N/A

N/A

N/A

N/A

N/A

License Type

this can be separated from the WFO
lease or in combination with WFO –
See Section 3.4)
Control / Issuer

The Crown Estate

License fee
payable to

The Crown Estate: No application
fee; annual rent reviewed every 5
years
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Within
Offshore
Wind
Farms

Within
Offshore
Wind
Farms

License Type

Marine License from Marine

N/A

Consents Unit of NRW for deposition
of equipment where not exempt
(e.g. hazard to navigation) – MCAA
2009 – otherwise Notification of an
exempt activity form still required.

Marine License from Marine

N/A

Consents Unit of MMO for
deposition of equipment where not
exempt (e.g. hazard to navigation)
out to 200nm – MCAA 2009 otherwise Notification of an exempt
activity form still required.

Control / Issuer

NRW

N/A

MMO

N/A

License fee
payable to

MCU (WG) in Wales or MMO in
England

N/A

MMO in England

N/A

License Type

N/A

Control / Issuer

N/A

License fee
payable to

N/A

Fishery Orders (Regulating
& Several) - Sea Fisheries
(Shellfish) Act 1967 - to 6nm –
but may require WFO to be the
grantee – See Section 3.4
OR possibility of a Fishery
Order under Marine and Coastal
Access Act 2009 to 12nm (needs
to be confirmed)
Welsh Ministers through Welsh
A Government
Welsh Government

______________________________________________________________________________________________________
Section 3 – Mariculture Permissions & Licensing
Page 93 of 250

N/A

N/A

N/A

N/A

N/A

N/A

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
______________________________________________________________________________________________________

Table 3: Marine Aquaculture Licensing Consultees
•
•

Who are the consultees, both statutory and non-statutory for each form of permission / licence? (e.g. Statutory Nature Conservation Agencies;
Wind Farm Developers/Operators; Welsh Government; Natural Resources Wales; CEFAS)
What is the extent of these consultee’s rights/powers? (e.g. right to inform / advise / object / refuse)
Permission or License Type &
Competent Authority
(from previous Table)

Open
Waters

Marine License – Marine Consents Unit
of NRW (or MMO in England) – to 200nm

Fishery Orders (Regulating & Several
Orders) – Welsh Ministers through Welsh
Government – to 6nm or to 12nm (to be
confirmed)

Crown Estate Lease– to 12nm

Statutory
*Environment Agency
*Natural Resources
Wales
*The Crown Estate
*JNCC
*SNCBs
*MCA
*IFCAs

Consultees (Note 1)
Rights/Powers
Non-statutory
e.g. views; veto
*Submit a view
*Fishermen’s organisations
*Submit a view
*Royal Yachting Association

Rights/Powers
e.g. views; veto
*Submit a view
*Submit a view

*Submit a view
*Submit a view
*Submit a view
*Submit a view
*Submit a view

*Natural Resources
Wales (in some instances)
*The Crown Estate or any
other land owners
*MCA

*Submit a view

*Environment Agency
*Natural Resources
Wales
*Trinity House
*MCA

*Submit a view

*Submit a view
*Submit a view

*Submit a view
*Submit a view
*Submit a view
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and Aquaculture Science
*Other marine users
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*Local community
*Public Consultation

*Submit a view

*NGOs
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*Submit a view
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Within
Offshore
Wind
Farms

Marine License – Marine Consents Unit
of NRW (or MMO in England) – to 200nm

Fishery Orders (Regulating & Several
Orders) – Welsh Ministers through Welsh
Government – to 6nm or to 12nm (to be
confirmed) - but may require WFO to be
the grantee – See Section 3.4

Crown Estate Lease – to 12nm - but only
if this can be separated from the WFO
lease or in combination with WFO – See
Section 3.4

*Environment Agency
*Natural Resources
Wales
*The Crown Estate
*Wind Farm Developers
*Wind Farm Operators

*Submit a view

*Natural Resources
Wales (in some instances)
*The Crown Estate or
other land owner
*Wind Farm Developers
*Wind Farm Operators

*Submit a view

*Environment Agency
*Natural Resources
Wales
*Trinity House
*Wind Farm Developers
*Wind Farm Operators

*Submit a view

*Submit a view
*Submit a view
*Submit a view
*Submit a view

*Submit a view
*Submit a view
*Submit a view

*Submit a view
*Submit a view
*Submit a view
*Submit a view

*Fishermen’s organisations
*Royal Yachting Association
*Wind Farm Developers
*Wind Farm Operators

*Submit a view
*Submit a view
*Submit a view
*Submit a view

*Centre for Fisheries and
Aquaculture Science
*Other marine users
(fishing/commercial/recreational)
*Local community
*Wind Farm Developers
*Wind Farm Operators

*Submit a view

*NGOs
*Other marine users
(fishing/commercial/recreational)
*Local community
Natural heritage interests
*Wind Farm Developers
*Wind Farm Operators

*Submit a view
*Submit a view

Note 1: The consultees shown are those submitted during the questionnaire responses and may well not therefore reflect all consultees in this respect.
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Table 4: Associated Issues with Marine Aquaculture Licensing
1. Are there any other associated issues that need to be considered in licensing or obtaining permission to carry out aquaculture activities in
offshore wind farms? Examples might include insurance for aquaculture operators and exposure to liabilities. Other notes and comments?
To 12nm for Fixed Gear
To 12nm for Seabed Cultivation
Beyond
Beyond 12nm for Seabed
Other Issues Associated with Shellfish
(‘ranching’)
12nm
for
Cultivation
Co-location (examples given)
Fixed Gear

Open
Waters

Insurance requirements for
aquaculture operators?

TCE leases insist on minimum of 3rd
party Public Liability insurance for
tenants

Liabilities other than Public
Liability

*TCE lease covers hazard nuisance to
other marine users + decommissioning

Fishing license

There is possibly a need for a
fishing license for seed mussel
depending on the status of the
area under cultivation (if the
activity is not within a registered
farm then a Cat. C license will be
needed. Industry confirms that in
reality due to restricted availability
of Cat. C units that a Cat. A license
is actually acquired)
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Within
Offshore
Wind
Farms

Insurance requirements for
aquaculture operators?

TCE leases insist on minimum of 3rd
party Public Liability insurance for
tenants

Liabilities other than Public
Liability

*TCE lease covers hazard nuisance to
other marine users + decommissioning

Fishing license

There is possibly a need for a
fishing license for seed mussel
depending on the status of the
area under cultivation (if the
activity is not within a registered
farm then a Cat. C license will be
needed. Industry confirms that in
reality due to restricted availability
of Cat. C units that a Cat. A license
is actually acquired)
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3.4

Discussion

The purpose of this review of marine licensing is not to detail every aspect of the process
through which an aquaculture operation can be established. There are already set and
known procedures in this respect for applying for authorisation as an Aquaculture Production
Business (APB), obtaining a Harvesting Classification with Sanitary Survey requirements,
drawing up and implementing Biosecurity Management Plans, dealing with alien and locally
absent species etc. Whilst site specific implications of designations under measures of the
Habitats Directive (e.g. Special Conservation Areas and Special Protection Areas) are not
within the scope of the present study it is important to note that they would require
consideration at the very earliest stages of any planned development. Working through a
partnership approach between the competent authority, statutory advisers and developers
will then enable the identification of any risks and issues thus allowing time to resolve these
concurrent to the development of the project (Colin Charman, Natural Resources Wales,
pers. comm.).
The key aspects with respect to co-location that are reviewed in this report are the rights to
and licensing required, to carry out a marine aquaculture activity offshore, both outside and
within a wind farm. The type of aquaculture activity must also be taken account of as there is
differing legislation and licensing for seabed cultivation (e.g. mussel ‘ranching’) and fixed
gear aquaculture (e.g. suspended rope-mussel cultivation).
Tables 2 to 4 document the stakeholder responses to the data gathering exercise.
Information is presented in these Tables on marine licensing and permissions, levels of
consultation required with respect to the licensing of marine offshore aquaculture and other
general issues associated with marine licensing in this respect. Of the information presented,
the most important aspects to note for the purposes of the current study are the types and
limitations of the current marine licenses for offshore aquaculture. These are summarised
and discussed as follows:
•

Licensing of seabed cultivation activities under the Sea Fisheries (Shellfish) Act 1967
only covers areas out to 6nm. However, given the need for bivalve shellfish to be
within the area of primary productivity if reasonable growth rates are to be achieved,
then this is not thought to be a limiting factor on expansion of offshore marine
aquaculture. In Wales it is possible that a Several Order may be grantable under the
Marine and Coastal Access Act 2009 out to 12nm. However this requires investigation
to ascertain if Sec. 189 of this 2009 Act covers this type of Fishery Order.

•

A Crown Estate Lease could be used to license suspended cultivation activities, i.e.
fixed gear, out to the 12nm limit. There does not however appear to be any
information on how fixed gear cultivation activities can be licensed beyond 12nm. This
could be an issue for the Rhiannon Wind Farm which has areas both within and
beyond the 12nm limit.

•

The only identified licensing beyond 12nm relating to aquaculture is that of a Marine
License from the Marine Consents Unit of the MMO for deposition of equipment where
not an exempt activity (e.g. where it is a hazard to navigation) issued under the Marine
and Coastal Access Act 2009. This license would cover activities out to 200nm.
Notification of an exempt activity form would still be required.

After the creation of the original Tables TCE were contacted to confirm that the contents
accurately reflected the information that had been provided in earlier correspondence
regarding licensing of offshore marine aquaculture. Further feedback by TCE was given to
clarify the extent of spatial coverage of a Crown Estate lease to a WFO.
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From this feedback it appears that the lease for a wind farm granted to the WFD and then
WFO includes the entire area encompassed by the wind turbines. As described in Todd
(Ref: 2012) whilst these should not overly restrict navigation or remove the public right to
fish, there appears to be no rights granted under the current lease agreements for WFOs or
third parties to undertake any aquaculture activities within offshore wind farms. There
appears to be uncertainty as to whether a Fishery Order could be granted for an area within
an offshore wind farm. If it were possible to apply for a Fishery Order in this way, then it was
stated as being doubtful that an application by a third party would be successful without the
agreement of the WFO as the existing leaseholder. One other suggestion that was put
forward with respect to Fishery Orders was the possibility of issuing a Fishery Order in the
form of a Regulating or Hybrid Order where the grantee or co-grantee is the WFO. The WFO
might then be able to license others under the Order to conduct a shellfish cultivation
business. This option would require investigation to see if this would be possible.
What does seem certain is that the granting of a lease to a WFO would preclude any
deployment of fixed gear for aquaculture activities. Three possible solutions to the issue of
licensing of marine fixed gear aquaculture activities within wind farms have been proposed:
(1)

Areas requested for aquaculture activities are extracted from the wind farm lease.

(2)

Agreement being reached with the WFO to a doubling of the leasing of rights for a
given location within the wind farm.

(3)

The WFO requests an amendment to their current lease allowing them undertake
marine aquaculture activities within the wind farm. There may be scope under this
for the WFO to then sub-contract out the marine aquaculture activities.

However it should be noted that these possible solutions all require the agreement and cooperation of the WFOs. If the WFOs have any concerns such as over protection of assets,
limits of liabilities or health and safety issues then it may be difficult to convince them to
participate in this respect. Therefore dialogue establishing how safe working practises could
be developed would obviously be essential. This subject area is covered Sections 6 to 8 of
the current study.

3.5

Further Recommendations

The issue of legislation applying to marine aquaculture beyond any one country’s EEZ in
terms of rights of ownership is one that is only now starting to be discussed. For instance,
representatives from the offshore aquaculture industry at The Offshore Mariculture
Conference, 2012 (Izmir, Turkey) have asked the FAO to conduct an assessment of the
access and operational frameworks for open ocean mariculture in the High seas, and to
make recommendations on how to encourage mariculture in waters beyond any one nation’s
EEZs (so called Areas Beyond National Jurisdiction – ABNJ) (Ref: Fish Farmer, 2012).
James and Slaski (Ref: 2006), in their appraisal for offshore aquaculture, state that beyond
12nm the legal and regulatory situation with respect to aquaculture becomes confused and in
the case of EU legislation, it is possible that EU Directives pertaining to aquaculture might
also apply out to 200nm, as do the Birds and Habitats Directives. In Germany it appears that
it had realised that maritime regulations were not sufficient to manage the EEZ and so
coastal zone planning has been extended to the offshore environment and mirrors the land
planning process (Dr. Gesche Krause, AWI, pers. comm.).
It appears from this current study that whilst it is possible that legislation may already exist to
govern licensing of marine aquaculture activities beyond 12nm, the form and limits of this
legislation are not well known at present. Irrespective of the presence or not of offshore wind
farms there is clearly a need for a review to be carried out of the legislation covering
licensing of marine aquaculture activities, both seabed and suspended, beyond the 12nm
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limit. It is recommended therefore that TCE be approached and asked to provide an opinion
on the various issues and areas of uncertainty that are raised with respect to marine
aquaculture licensing beyond 12nm for fixed gear aquaculture.
The issue of access to areas within offshore wind farms where a Crown Estate Lease has
already been granted for that entire wind farm area provides an additional layer of complexity
over the licensing of offshore marine aquaculture activities. In general under the Crown
Estate Act 1961 the Crown Estate Commissioners have a duty to enhance the value and
return obtained through the estate having due regard for good management. However, if an
existing WFO is not agreeable to some form of amendment to their lease to allow colocation, is unwilling to take up and grant some form of Fishery Order or does not wish to
take on, and possibly sub-contract, the role of an APB, then unfortunately the options for
aquaculture within existing wind farms would seem very limited. If it were possible to vary
the terms of a WFO’s lease to remove some areas for aquaculture, then the WFO might well
request a reassessment of the rental costs of their lease to reflect this change. Depending
on the relative income generated from a wind farm lease versus an aquaculture lease then
there might be no net revenue gain for TCE and this might even lead to a reduction in overall
revenue generated for the area. It is therefore recommended that TCE be asked to provide
an opinion on the legal status, in terms of licensing, of multi-functional use of a leased area
within both an existing and proposed offshore wind farm. It is also recommended that an
investigation is carried out to ascertain if a Fishery Order can be granted for an area within
an existing offshore wind farm.
As mentioned above, of the four possible solutions, one for seabed cultivation and three for
fixed gear, suggested for enabling marine aquaculture activities to take place within existing
offshore wind farms, all four require a minimum of the co-operation and agreement of the
WFOs. Of these four, at least two would seem to require the active participation of the WFO
in the process. Once the initial recommendations for opinions on licensing beyond 12nm and
potential multi-functional use of existing leases have been completed and considered there is
clearly a need for dialogue with the WFDs and WFOs in this respect. Section 9.2.4
describes a recommendation for the formation of a new Co-location Stakeholder Forum set
up specifically to develop the potential for co-location of shellfish aquaculture within Welsh
offshore wind farms. It is recommended that a Co-location Stakeholder Forum consisting of
relevant stakeholders should be tasked with leading the discussion regarding the potential for
co-operation between WFOs and the Welsh aquaculture industry.
The paper by Paul Todd (Ref: 2012) of the University of Plymouth, Law School provides a
balanced, well-reasoned and intelligible account of marine renewable energy and the public
rights of navigation and fishing. It is considered therefore that if there is a review required of
the legal aspects of any rights to carry out aquaculture activities, either seabed based or
fixed gear, both outside and within wind farms over the varying distances from shore, then
the University of Plymouth Law School could be contacted in this respect.
Section 3.1 describes the status in operational terms of wind farms off the Welsh coast.
Rhiannon Wind Farm is still at the concept/early planning stage whilst the Celtic Array South
West and North East are considered as sites with potential. There may therefore still be the
potential to influence the terms of any lease on these sites to include an assessment of the
potential for co-location or multi-functional use of these areas in the same way as is required
in Germany for any new offshore wind farm applications (see Section 5.2). However the
German legislation requiring consideration of multi-functional use of offshore wind farms
cannot be applied retrospectively and so only new developments fall within this requirement.
Therefore if any such policy driver or legislative intervention were to be implemented with
respect to Welsh waters, or to wider UK territorial waters, then it would appear that this would
need to be considered with some urgency as it would no doubt take some time to enact
these changes. Certainly, it is stated in the recent Inquiry into marine policy in Wales (Ref:
National Assembly for Wales, 2013) that Welsh Government should consider the potential for
co-location of activities in the development of marine spatial plans and that these plans
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should act as a vehicle for considering co-location. This viewpoint is reiterated in the WWF
report on Co-location in Welsh seas (Ref: 2013) who state that co-location could make a
significant contribution to sustainable development.
This current study has highlighted the potential for shellfish aquaculture as a multi-functional
use, or co-location activity, within Welsh offshore wind farms. However, discussions with
Alan Storer, Marine Planning Officer at Welsh Government, would seem to indicate that any
change in marine planning policy towards a requirement to consider co-location within new
offshore renewable energy developments would have to be implemented at a UK level,
rather than a Welsh level, if it were to be effective. It is therefore recommended that UK
Government and UK marine planning authorities be asked to consider the policy or
legislative changes that would be needed for UK waters in order to implement a requirement
for developers of new offshore renewable energy sites to carry out and evidence that an
investigation of the potential for co-location or multi-functional use of offshore renewable
energy sites has been undertaken.
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SECTION 4A – POLICY DRIVERS: REQUIREMENT AND
ENCOURAGEMENT FOR INTEGRATING AQUACULTURE
WITHIN OFFSHORE WIND FARMS – REVIEW OF POLICY
DRIVERS IN ENGLAND, WALES AND NEIGHBOURING EU
MEMBER STATES
4A.1 Context
Although the co-location of offshore wind farms (OWFs) and aquaculture has not been widely
adopted at present, it provides a concept that is at the centre of many EU Member States
newly developed marine planning strategies. Guided by UNESCO’s Marine Spatial Planning
Initiative, integration of these two activities assists countries in the goal identified by
UNESCO as, “finding space for biodiversity conservation and sustainable economic
development in marine environments.” (Ref: Ehler and Douvere, UNESCO 2009).
Within the British Isles the potential for co-location and the potential need to provide Policy
Drivers in this respect has already been recognised. For example, during the development
of an Aquaculture Strategy for Jersey, Channel Islands, Syvret and FitzGerald (Ref: 2010a)
recommended that organisations investigating offshore power generation should be required
to encompass an assessment of the potential for aquaculture within their proposals.
A recent report prepared for the Marine Management Organisation (Ref: MMO, 2013)
provides a summary of the potential advantages and disadvantages of co-locating
aquaculture within offshore wind farms and gives an overview of the type of regulatory and
technical developments that will be required. In the Welsh Fisheries Strategy the potential
for co-location of aquaculture within offshore wind farms is highlighted in terms of the
potential this may hold as an environmentally sensitive method of aquaculture and for
improving energy efficiency (Ref: Welsh Assembly Government, 2009).
Opportunity for integration of aquaculture facilities within marine renewable energy (MRE)
developments is supported by the relatively new concept of marine spatial planning (MSP).
European seas have supported considerable human activity for centuries in addition to
supplying food resources and supporting essential climate and nutrient cycling. However
demand on resources is continually increasing and this is occurring in conjunction with the
expansion of offshore wind farms (and other MRE) and the designation of Marine Protected
Areas (MPAs). MRE and MPA development is driven by EU Member States’ commitments to
renewable energy production under the EU Renewable Energy Directive 2008 and
designation of marine protected area networks under the EC Habitats Directive 1992 and EU
Marine Strategy Framework Directive 2008.
Society’s specific demands of the seas include provision of energy, food, recreation space,
routes for transport and trade as well as the non-commercial cultural values of individual
regions (Refs: Costanza et al., 1997; Halpern et al., 2008; Reed et al., 2013; Urqhart and
Acott, 2013). Inevitably with increasing competition for space and resources, governments
have been required to manage the distribution of activities, and in this process indicate
priority activities. Marine Spatial Planning has evolved as the tool applied across European
States to balance human use of the seas in an environmentally and economically sustainable
manner.
“The EU’s maritime policy focuses on a wide range of policy areas that include
the environment, maritime transport, fisheries, aquaculture, climate and energy,
and research. Maritime spatial planning is used as a tool for reconciling
competing maritime economic activities and for integrated coastal zone planning.”
(Ref: Ehler and Douvere, UNESCO, 2009)
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Both energy production (MRE) and food production (fishing and aquaculture) are regarded as
high priority activities across individual marine plans. Co-location of compatible activities
presents a widely encouraged spatial solution to marine planning challenges. Integration of
aquaculture facilities within offshore wind farms therefore enables two key activities (energy
and food production) through a desired mechanism within marine plans.
Marine spatial plans have already been developed or are currently in development for specific
regions of the UK, Germany, Belgium, Netherlands, Sweden and Finland. Each of these
States has provided support in policy documents for the co-location of offshore wind farms
and offshore aquaculture to attain each individual State’s MSP objectives (see Table 5). In
this section the policy documents for each country are reviewed, the instances are recorded
where co-location of MRE and aquaculture have been raised and the statements are noted
within the context of the policy.
It is important to note that the recent announcement of the new proposal for an EU directive
on MSP and ICZM will have specific implications for integration of aquaculture within offshore
wind farms and the existing relevant policies (see Table 5). The proposal if taken forward will
require Member States to map human activity and identify their most effective future spatial
development (Ref: European Commission, 2013).
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Table 5: Summary of specific instances in policy documents from EU Member States supporting the co-location of aquaculture within offshore wind
farms or renewable energy developments. Member States include; UK, Germany, Belgium, Netherlands, Sweden and Finland.

Name

Level Area Description
Marine planning strategy
documents

UK

Section

Reference to co-location
Type Notes/Accompanying documents
Relevant policy statements / policy goals relevant
to the co-location of aquaculture and offshore
wind farms

Marine general
Marine Policy Statement UK

UK

The MPS is the framework for S. 3.
preparing Marine Plans and
taking decisions affecting the
marine environment. It will
contribute to the achievement
of sustainable development in
the UK marine area, by setting
out the sectorial/activity
specific policy objectives for
the UK Government and
devolved administrations.
S 3.3.18

Encourages co-existence between different
activities.

Measures should be taken to prevent, mitigate,
and where that is not possible compensate, for
any potential negative impacts (from marine
renewable development) in line with legislative
requirements.
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S 3.3.23

As yet, the potential for benefits such as
introduction of artificial reef structures, which
can yield biodiversity benefits and fishing
opportunities around wind farm sites, have not
been fully explored. These should be considered
further in the context of marine planning, and for
individual developments.

Artificial reef structures can provide
habitat for seeding with juvenile
lobster and crabs, providing a
mitigation action as well as
enhancing fisheries or providing
basis for aquaculture operations.

S 3.9.1

Food security is an objective of the UK
Administrations and aquaculture makes an
important and growing contribution to this. All
administrations support and encourage the
development of efficient, effective, competitive
and sustainable aquaculture industries subject to
suitable governance and safeguards.

Focus on support for aquaculture in
Marine Plans.

S 3.9.2

Marine aquaculture is important to communities
throughout the UK and in particular on the west
and north coasts of Scotland and the Western and
Northern Isles and in parts of North and South
Wales, and in Northern Ireland. Aquaculture
operations are also viewed as a key focus for
future development of a sustainable food source
and as a possible source of employment. These
factors need to be taken into account when
developing Marine Plans.

Aquaculture identified as important
in Wales, and as integral to
providing future food resources.
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Marine and Coastal
Access Act 2009

UK

UK

An act to provide for
protection of the marine
environment; sustainable use
of our marine resources; an
integrated planning system for
managing our seas, coasts and
estuaries; a robust legal
framework for decisionmaking; streamlined regulation
and enforcement; and access to
the coast.

S 3.9.6

Marine plan authorities should consider the
benefits of encouraging the development of
efficient, competitive, and sustainable
aquaculture industries in line with the policies set
out. They should ensure that proposed activity
has minimal wider effect and should seek to
embrace the significant opportunities for coexistence of aquaculture and other marine
activities in developing Marine Plans.

s. 3.8.8

“It should also be recognised that many fishing
activities are compatible with other sea users.”

s.3.8.10

“Wherever possible, decision makers should seek
to encourage opportunities for co-existence
between fishing and other activities. Inshore
Fisheries Groups in Scotland and Inshore
Fisheries and Conservation Authorities (IFCAs)
in England will be expected to participate fully in
wider marine planning. Welsh Ministers are also
seeking to put in place a mechanism to enable
local and national input into fisheries
management plans and policies” (HM
Government, 2011, p. 43).
Undergoing scrutiny. → Large amounts of
requirements for both marine conservation and
energy.
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Scotland and Northern Ireland.
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Marine Plans

UK

UK

Marine Plans as developed
under the MCAA, 2009.

Both aquaculture and renewable energy are
Policy Undergoing scrutiny → The first
identified as priority activities within Marine
marine planning region to be
Plans. Co-location is encouraged where possible.
completed is Eastern England for
which MMO are responsible. WG
are responsible in Welsh regions and
have identified the assessment of colocation of marine activities as a key
step in determining an approach to
marine planning in Wales.

Details here are taken from
relevant sections within the
MPS.

Planning of offshore
renewables

Overarching National
Policy Statement
Energy- NPS EN-1

UK

UK

§5.12

§5.12.3

§5.12.3

Although Section 5.12 discusses socio-economic Policy
impacts of renewable energy infrastructure at
local and regional level, aquaculture or fisheries
offshore energy- interactions are not discussed.
“This assessment should consider all relevant
socio-economic impacts”
several examples are mentioned, none of which
include impacts to other industries except for
tourism.
“the IPC should have regard to the potential
socio-economic impacts of the new energy
infrastructure identified by the applicant and
from any other sources that the IPC considers to
be both relevant and important to its decision”→
this applies to developments over 100MW.
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§4.1.3

UK
National Policy
Statement - Renewable
Energy Infrastructure EN-3

UK

When considering a development proposal, and
in particular when weighing adverse impacts
against benefits, the IPC should take into
account: its potential adverse impacts, including
any long-term and cumulative adverse impacts,
as well as any measures to avoid, reduce or
compensate for any adverse impact. This counts
for environmental, social and economic benefits
and adverse impacts, as discussed in paragraph
4.1.4. → this applies to developments over
100MW.

Integration of aquaculture
potentially relevant as a measure to
avoid, reduce or compensate for any
adverse impact.

§2.6.122 “The construction and operation of offshore wind Policy Appraisal of Sustainability for EN-3
farms can have both positive and negative effects
(accompanying doc.)
on fish and shellfish stocks”.
Developers are encouraged by this
The policy statement indicates the IPC should
policy to consider fishing and
consider the impacts on different types of
aquaculture activities that may be
commercial fishing on a case to case basis,
able to take place within operational
because even though the footprint of an offshore
wind farms.
wind farm and associated infrastructure may be a
hindrance to certain types of commercial fishing
activity, other fishing activities may be able to
take place within operational wind farms without
unduly disrupting or compromising navigational
safety.
§ 2.6.123 This section recognises that the establishment of
a wind farm can increase the potential for some
fishing activities, such as potting, where this
would not compromise any safety zone in place.
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§ 2.6.126 In some circumstances, applicants may seek
declaration of safety zones around wind turbines
and other infrastructure, although these might not
be applied until after consent to the wind farm
has been granted. The declaration of a safety
zone excludes or restricts activities within the
defined sea areas including commercial fishing.

Potential barrier to development of
aquaculture using existing
infrastructure.

§ 2.6.130 If safety zones will be asked for around the
offshore wind farm, the potential effects of these
zones should be included in the assessment on
commercial fishing. If the precise extent of such
a safety zone is unknown, the applicant should
assess a realistic worst case scenario.

Aquaculture is one possible form of
commercial fishing that would need
to be considered to meet this
requirement.

§2.6.132 Site selection must be undertaken in a way that
minimised adverse effects on fish stocks as well
as the activity of fishing itself. This should
include siting in relation to the location of prime
fishing grounds. It is the task of the IPC to
consider the extent to which the proposed wind
farm will occupy important fishing grounds, and
if the development would prevent or significantly
impede protection of sustainable commercial
fisheries or fishing activities. If the IPC considers
that the wind farm would impede protection of
sustainable fisheries or fishing activity (at
recognised important fishing grounds) the IPC
should attribute correspondingly significant
weight to this issue.

Integration of aquaculture, if not
impeding protection of sustainable
commercial fisheries would enable
fishing activity of a kind and
possibly provide mitigation for lost
fisheries.
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§ 2.6.133 The IPC should be satisfied that the applicant has
sought to design the proposal having consulted
representatives of the fishing industry with the
intention of minimising the loss of fishing
opportunity taking into account effects on other
marine interests. Guidance has been jointly
agreed by the renewables and fishing industries
on how they should liaise with the intention of
the two industries successfully co-existing.

Encourages better liaison and
cooperation with fisheries /
aquaculture.

§ 2.6.134 Any mitigation proposals should result from the
applicant having detailed consultation with
relevant representatives of the fishing industry.

§ 2.6.135 Mitigation should be designed to enhance where
reasonably possible any potential medium and
long-term positive benefits to the fishing industry
and commercial fish stocks.

§ 2.6.135 The IPC will need to consider the extent to which
disruption to the fishing industry, whether short
term during construction or long term over the
operational period, including that caused by the
future implementation of any safety zones, has
been mitigated where reasonably possible.
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Marine Energy Action
Plan for the UK

National Renewable
Energy Action Plan for
the UK

UK

UK

Intends to set out an agreed
vision for the marine energy
sector to 2030. It outlines the
actions required by both
private and public sectors to
facilitate the development and
deployment of marine energy
technology and intends to
fulfil the vision set out in the
UK Renewable Energy
Strategy and Low Carbon
Industrial Strategy

One of the recommendations of the plan is that: Vision
all relevant stakeholders fully engage in the
development of the UK Offshore Energy 2
Strategic Environmental Assessment to ensure
the views of the industry are fed into the process.
The Marine Energy Action Plan also
recommends that:
• there is engagement between Government,
Devolved Administration’s, Statutory Agencies,
Academia, Technology Developers, Utilities, and
the Marine Management Organisation to ensure
that the needs of all are taken in to consideration
in the Marine Policy Statement.

This engagement has led to the
MPS, which asks for consideration
of aquaculture and fishing activity
when planning developments.

Sets out how the UK will
reach its legally binding
commitment to the EU of 15%
of energy from renewable
sources by 2020.

Refers to the licensing process for OWF, handled
by the MMO in England as requiring the license
authority to adhere to the guidelines set out in the
Marine Policy Statement.

The MPS identifies co-existence of
activities being important and
encourages co-location of
aquaculture with other activities
specifically.
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Name
Germany
Marine general
Spatial plan for the
German Exclusive
Economic Zone

Level Area Description
Marine planning strategy
documents

Section

Germ North
any Sea

3.5.1 (1) The production of wind energy is granted priority
over other spatially significant uses in the priority
areas for wind energy shown in the map. To the
extent that spatially significant planning,
measures and projects are not compatible with
the function of the wind energy priority area in
these areas, they are prohibited.
3.5.1 (9) In the event an area is used simultaneously for
wind energy production and for the exploration
for and exploitation of resources, interests should
be co-ordinated as best possible in accordance
with criteria to be developed by the responsible
authorities.
3.5.1 (11) The interests of fisheries and military defence
shall be taken into account during planning,
operation and construction of energy production
facilities.
§ 3.6.1 (5) Facilities for mariculture shall be established
preferably in combination with existing
installations. Maintenance and operation of
existing installations shall not be impaired by the
establishment and operation of mariculture.

Clear that marine renewable energy
is given priority. Compatibility
would need to be proven in order for
integration of aquaculture /
mariculture to be accepted.

§ 3.6.2

Co-location mentioned directly,
although as a consideration not a
necessity.

Ad (5):

Reference to co-location
Type Notes/Accompanying documents
Relevant policy statements / policy goals relevant
to the co-location of aquaculture and offshore
wind farms

Although the establishment of mariculture in the
EEZ is not yet envisaged, a framework for
possible future developments should be given at
this early stage. To create synergy effects in the
establishment of mariculture, one might consider
the use of existing installations – such as the
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Mentions in combination siting,
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offshore wind farms.
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foundations of offshore wind turbines – as
possibilities for affixing aquaculture systems.
These are needed to fasten mussel lines or cages,
for example. Concentration on areas with existing
installations and combination of uses are intended
as a contribution toward reducing use of space.
Mariculture must ensure that existing
installations can be easily maintained and
operated.
Name

Level Area Description

Section

Marine planning strategy
documents

Belgium
Marine General
A Flood of Space,
Belgian Science Policy.
(Ref: Maes et al., 2005)

Nort
h Sea

Reference to co-location

Type Notes/Accompanying documents

Relevant policy statements / policy goals relevant
to the co-location of aquaculture and offshore
wind farms
p66,
‘Fishing’
p66,
‘Fishing’

Wind parks may have a shelter function for fish
so that they develop into rich fishing grounds.
Fishing in the vicinity of wind farms is not
allowed. Beam trawling will no longer be
possible in part of the channels of the Thornton
bank and shrimp fishing on the crest will be
prohibited as well.
p66 ‘Aqua Wind parks may offer new aquaculture
culture’ opportunities. Wind parks are suitable for oyster
and mussel cultivation and it is also possible to
free cultivated fish in the parks.
P87 ‘Aqua Wind parks offer interesting aquaculture
culture’ opportunities. The area closed for fishing can be
used to release different fish species. In addition
the combination of a wind park with mussel
cultivation is possible as well. As wind parks are
closed to shipping traffic there is no danger the
aquaculture will be damaged. The water quality
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reported good growth rates and
density of mussels but 19 out of 20
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in the vicinity of the park, however, has to meet
the strict demands for shellfish cultivation. The
artificial reefs, (foundations of the wind turbines)
may also attract larger and commercially
interesting predator fish (sea eel, cod, bass….).
Lobsters and cephalopods may also thrive in the
vicinity of wind parks.

Name

Netherlands
Marine general
2009-2015 Policy
document on the North
Sea

Leve Area Description
l
Marine planning strategy
documents

North General policy guidance
Sea supporting Netherland’s

Section

Reference to co-location

installations were destroyed by
passing ships. There had been
experimental stocking programmes,
releasing juvenile turbot and sole
into the sea from farms on the
mainland. Fish were released on the
western part of the Stroom bank
near Westende and the port channel
of Ostend. The area was temporarily
closed to fishing. Between July and
August the fish remained close
inshore in sandbank habitat. October
– November fish migrated NW to
deeper water. In the spring, part of
the stock returned to shallow inshore
sandbanks and some reappeared in
the British channel.
Type Notes/Accompanying documents

Relevant policy statements / policy goals relevant
to the co-location of aquaculture and offshore
wind farms
4.2.5

Marine Spatial Planning

6.2
Re2

Actions that are currently being undertaken to
make the fishing sector more sustainable will
lead to considerably less bottom trawling and
hence more possibilities for marine aquaculture.
Fishing activities taking place in conjunction with
other functions would, for this reason, seem a
viable option.
Marine use such as sustainable non-trawl fishing,
marine aquaculture and recreation is permitted
wherever possible (within OWFs)
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6.3

6.4.5

Name

Lev Ar
el
ea

Finland and Sweden
(Marine Planning in
the Bothnian Sea)
Marine general
Planning The
Bothnian Sea.
Outcome of Plan
Bothnia - a
transboundary
Maritime Spatial
Planning pilot in the
Bothnian Sea

Description

Section

Marine planning strategy
documents

Bot
hni
an
Sea

Overview of marine spatial
planning pilot in the
Bothnian Sea.

Within the wind energy areas to be designated,
the Cabinet wishes to keep open the option of
providing space for other innovative forms of
renewable energy and shared use, such as leisure
activities, sustainable non-trawl fishing and
marine aquaculture.
This section discusses plans for the current
Military exercise area in the Wadden sea, colocation within OWFs could lead to a
reconsideration of the current ban on passing
these activities within the area.
Reference to co-location

Type

Notes/Accompanying
documents

Relevant policy statements / policy goals
relevant to the co-location of aquaculture and
offshore wind farms
Part III
P68

In Finland aquaculture is proportionally a
bigger industry than in Sweden and in
European countries in general. There are long
term plans for large-scale offshore aquaculture
installations in Finland, but these will require
development of new technology able to
withstand the harsh ice conditions of the
Bothnian Sea. At the moment, offshore wind
power farms are also the most likely location
for offshore aquaculture.

Part III
P69

Wind farms may offer new offshore
aquaculture possibilities. However, this might
increase the environmental impact of wind
power developments in the future.
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SECTION 4B – COMPARISON OF POLICY DRIVERS FOR
CO-LOCATION IN ENGLAND AND WALES WITH DRIVERS
FROM NEIGHBOURING EU MEMBER STATES

4B.1 Introduction
The requirement for marine spatial planning (MSP) and integrated coastal zone management
(ICZM) is the common thread initiating co-location Policy Drivers within each EC Member
State. MSP and ICZM have broadly been called on in response to the spatial pressures
created with the additional requirements for Marine Protected Areas and marine renewable
energy developments alongside an array of existing human activities within European seas.
This section compares the policies of England and Wales with those of other individual EU
Member States identified in Section 4A. The specific policy references that require or
encourage aquaculture development within offshore wind farm sites are examined and the
strength of the driver considered (see Table 6). Again, the new proposal for an EU directive
creating a common framework on MSP and ICZM may have specific implications. Each
Member State reviewed in both Tables 5 and 6 has generated policy documents to guide the
individual marine spatial planning taking place in that State.
As these policy documents provide the current framework for preparing Marine Plans and
guiding decisions the drivers for co-location of aquaculture within offshore wind farms in
these documents are given specific attention in this section.

Table 6: Policies applicable to the integration of aquaculture and offshore wind in England and
Wales in comparison to policy in other EC Member States.
Policy sections offering direct encouragement for co-location, mentioning integration of
aquaculture in offshore wind farms are referred to as giving strong encouragement (number 1
and shaded green). Sections offering general encouragement for co-location of activities with
no direct reference to offshore wind or aquaculture are referred to as giving good
encouragement (amber and number 2).

(See following page)
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English or Welsh
Policy Driver

Marine Policy Statement
(UK)

Marine Policy Statement
(UK)

Marine Policy Statement
(UK)

Encouragement for colocation

Other EC Member
States’ Policy Drivers

Encouragement for colocation

1 (green) = strong, 2

1 (green) = strong, 2 (amber)

(amber) = good.

= good.

1, S 3.3.23 Direct
encouragement for artificial
reefs within offshore wind
farms. “Inclusion of
artificial reef structures at
offshore wind farm sites
should be considered
further in the context of
marine planning.”
2, S 3.9.6 Co-location of
aquaculture with other
marine activities
encouraged but offshore
wind farms not mentioned
specifically

2, S.3.8.10 Co-location of
fishing and other marine
activities encouraged but
offshore wind farms not
mentioned specifically,
“Decision makers should
seek to encourage
opportunities for coexistence between fishing
and other activities.”

Germany
Spatial plan for the
German Exclusive
Economic Zone

§ 3.6.1 (5) Facilities for
mariculture shall be
established preferably in
combination with existing
installations.

Germany
Spatial plan for the
German Exclusive
Economic Zone

§ 3.6.2 Ad (5): To create
synergy effects in the
establishment of mariculture,
one might consider the use of
existing installations – such as
the foundations of offshore
wind turbines – as possibilities
for affixing aquaculture
systems
Pages 66 and 87, General
support and reasoning given
for the co-location of
aquaculture within wind parks
(OWF).
“Wind parks may offer new
aquaculture opportunities.
Wind parks are suitable for
oyster and mussel cultivation
and it is also possible to free
cultivated fish in the parks.”
Section 6.3 shared use between
wind energy and aquaculture
mentioned directly; “Within
the wind energy areas to be
designated, the Cabinet wishes
to keep open the option of
providing space for other
innovative forms of renewable
energy and shared use, such as
leisure activities, sustainable
non-trawl fishing and marine
aquaculture.”
Pilot policy document
mentions co-location of
aquaculture and offshore wind
directly as a planning solution;
Part III P68. “At the moment,
offshore wind power farms are
also the most likely location
for offshore aquaculture.”

Belgium
A Flood of Space,
Belgian Science Policy.

Netherlands
2009-2015 Policy
document on the North
Sea

Finland and Sweden,
(Baltic Sea)
Planning The Bothnian
Sea. Outcome of Plan
Bothnia - a
transboundary
Maritime Spatial
Planning pilot in the
Bothnian Sea.
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The UK, and so England and Wales, are provided with good encouragement in the form of
policy statements that refer to co-location of activities, especially when the actual Marine
Plans, such as the Eastern inshore and offshore plans are taken into consideration (Ref:
MMO, 2013b). These plans list both renewable energy such as offshore wind farms and
aquaculture in general as priority activities. This requires renewables and aquaculture to be
given precedence in spatial decision making. Under the policy guidance for co-location of
aquaculture with other activities (MPS 2, S 3.9.6) there is a good level of encouragement for
trialling aquaculture operations that may be possible within offshore wind farms. Within the
UK’s policy guidance there is only direct encouragement at the present stage for co-location
of artificial reefs within offshore wind farms. How European guidance changes following any
further action on the proposed new EC directive on a common framework for MSP and ICZM
will be an important area to review in the future.
In the UK’s neighbouring EC Member States, especially those such as Germany, Belgium
and the Netherlands with limited sea areas and therefore potentially greater pressure on
existing space, stronger encouragement for integration of aquaculture and offshore wind
farms is given. Co-location, specifically of aquaculture and offshore wind farms is presented
as an option that is offered direct support and suggested for consideration in the decision
making process.

4B.2 England and Wales Marine Plans in Detail: Encouragement for
Co-location
The enactment of the Marine and Coastal Access Act (MCAA) in November 2009 required
the newly formed Marine Management Organisation (MMO) in England and existing Welsh
Government (WG) to produce Marine Plans for their inshore and offshore waters. WG
adopted the UK-wide Marine Policy Statement (MPS) in March 2011, which will provide the
overall strategic direction for marine planning in Wales and England. WG have identified the
assessment of co-location of marine activities as a key step in determining an approach to
marine planning in Wales. The guidance provided by the MPS has been discussed in
Sections 4A and 4B.1. Although Marine Plans in England and Wales are being devised by
separate administrations, the MPS provides the guiding policy document for both
administrations to refer to when making planning decisions.
The requirement for Marine Plans under the Marine and Coastal Access Act 2009 (Ref:
2009) and the strategic direction provided by the MPS provide the significant Policy Drivers
that relate to co-location of aquaculture and offshore renewables (as well as all other
potential co-location scenarios) in England and Wales. This section will address the Policy
Drivers present in the MPS in detail and identify where these have been taken forward in the
development of Marine Plans in England and Wales.

4B.3 Marine Planning Areas: England
English waters have been divided into 6 marine planning regions and 5 of these are regions
subdivided into inshore and offshore zones with Marine Plans targeted at each of these.
Currently in 2013 the East inshore and offshore zone’s plans are the most advanced with
planning also underway for the South inshore and offshore zones (see Figure 44).
A high resolution map can be viewed of English marine planning zones at:
http://www.marinemanagement.org.uk/marineplanning/areas/documents/marine_plan_areas.
pdf
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Figure 44: Marine Planning Zones within English waters.
(Source: reproduced from www.marinemanagement.gov.uk)

4B.4 Marine Planning Areas: Wales
The Welsh marine area is subdivided into just two marine planning regions, the Welsh
inshore region and the Welsh offshore region. Under article 322 of the MCAA (Ref: 2009) the
Welsh inshore region is “the area of sea within the seaward limits of the territorial sea
adjacent to Wales” (the high water mark to the 12 nautical mile limit) whilst the Welsh
offshore region is the area “beyond the seaward limits of the territorial sea” (beyond the 12
nm up to the equidistant line between the Welsh coast and the coasts of other countries up
to a maximum of 200 nm (see Figure 45).
Welsh Government will lead preparation of the Welsh marine plans, drawing on relevant
policy advice and expertise from across government departments (including Economy &
Transport, Nature Conservation, Fisheries, and Sustainable Energy), and external advisers
and organizations (statutory and non-statutory). Stakeholder engagement will run throughout
the entire marine planning process. As with the planning process in England a sustainability
appraisal (SA) will run alongside the plan making process, with stakeholders involved in all
key stages of plan making (Ref: Ehler and Douvere, UNESCO 2009).
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Figure 45: Welsh inshore and offshore marine plan regions (red/darkest shading) in relation to
other UK nation’s marine plan areas
(Source: reproduced from marinemanagement.org.uk)

4B.5 Co-location Policy Drivers in Action: Approaches to Colocation of Aquaculture and MRE in Existing English and
Welsh Marine Planning Processes
Currently in 2013 English marine planning processes are underway for the East inshore and
offshore regions and have been recently initiated for the South inshore and offshore regions.
The Welsh inshore and offshore Marine Plans are also underway and are at the evidence
gathering and review stage. These early planning processes are acknowledged as taking an
adapting and learning approach to issues encountered (Ref: MMO, 2013b). The English draft
East Marine Plans went out for public consultation on 16th July 2013.
Practical application of co-location policy drivers is evident in the current draft of the East
Marine Plans (Ref: MMO, 2013c). Integration of activities is viewed as being of particular
importance in the plan areas as they become increasingly busy. The present draft Marine
Plans however note that clear gaps in knowledge exist in relation to identification of
opportunities for co-location of structures and activities (Ref: MMO, 2013b, Section 36 page
10). Previous stakeholder discussions have identified the issues of displacement and the
benefit of co-existence of activities. This has led to two plan policies ‘GOV2’ and ‘GOV3’
being developed in recognition of expectations expressed in Sections 2.2.1 and 2.3.15 of the
MPS to “promote compatibility and reduce conflict” and to “reduce real and potential conflict,
maximise compatibility between marine activities and encourage coexistence of multiple
uses.” It is important to consider when interpreting the following discussion that the East
Marine Plans are likely to change further following public consultation and future review of
evidence and sustainability appraisals.
Plan policy GOV 2 states: “Opportunities for co-existence should be maximised wherever
possible.”
This plan policy will be implemented by the regulatory authorities responsible for authorising
developments and activities. In respect to this the draft East Marine Plan suggests that
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regulators take co-existence feasibility into account in formulating plans affecting the marine
area and when assessing new development and other activities (Ref: MMO, 2013b, Section
218 page 74).
Plan policy GOV 3 focuses on consideration of displacement of existing activities as a result
of new developments and states; “Proposals (for new developments) should demonstrate in
order of preference,
a) that they will avoid displacement of other existing or authorised but yet to be implemented
activities
b) how, if there are impacts resulting in displacement by the proposed activity, they will
minimise or mitigate these impacts
c) the case for proceeding with the proposal if it is not possible to minimise or mitigate the
impacts of displacement
The mitigation required for new developments by GOV 3 b) and GOV 3 c) raise the
possibility of co-existence of industries such as offshore wind and aquaculture to provide a
mitigation tool to aid development of both industries. Further evidence needs regarding the
environmental and socio economic effects and logistical practicalities of co-existence of
these industries are identified within the draft plan documents (Ref: MMO, 2013b).
Specific plan policies relate directly to wind farm developments (plan policy WIND 1) and
aquaculture development (AQ1). Under WIND 1 offshore wind is given preference to other
conflicting activities in the leased round three zones wind farm zones (Ref: MMO, 2013b).
Potential for co-location with aquaculture is still possible however as despite wind energy
developments having preference at these sites the justification for WIND 1 states; “colocation of OWFs with other activities will be considered in accordance with GOV3.” (Ref:
MMO, 2013b, Section 218 page 74).
Under AQ 1 aquaculture is given similar preference in sites identified as providing optimum
conditions for various cultured shellfish species. Optimum conditions are those identified
under criteria developed in a report by the Centre for the Environment, Fisheries and
Aquaculture Science (CEFAS), ‘Bivalve Cultivation – criteria for selecting a site’ (Ref: Laing
and Spencer, 2006). Draft East Marine Plan policy relating to aquaculture (AQ 1, Ref: MMO,
2013b), places the onus on other activities wishing to develop these sites to demonstrate
they will not impact aquaculture practices at that site:
AQ 1. “In optimum sites for aquaculture development (identified through research), proposals
unrelated to aquaculture should demonstrate in order of preference:
a) That they will avoid compromising potential future aquaculture development in
optimum sites by altering either the sea bed or water column in ways which would
prevent or interfere with aquaculture productivity or potential
b) How, if there are impacts on aquaculture development in optimum sites, they will
minimise or mitigate these
c) The case for proceeding with the proposal if it is not possible to minimise or mitigate
the impacts”
In relation to current plan policies practical application of co-location of offshore wind and
aquaculture is most likely for wind farm developments being planned within optimum
aquaculture sites. The draft Marine Plans highlight the mitigation potential of co-location of
activities in relation to point b) of AQ 1. Section 405, which provides justification and
explanation of AQ 1 recognises that uncertainty applies to where future aquaculture
developments could be located, as such the policy makes substantial allowance for the
possibility of other, competing developments to proceed under particular circumstances (Ref:
MMO, 2013b, Section 405 page 134).
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The justification and explanation for AQ 1 states;
“Circumstances under which (b) might be satisfied could include moving the proposal from a
more to less favourable area for aquaculture (based on best available evidence), or
proposing that co-location of aquaculture with the proposed activity can reduce conflict.”
Under current plan policies action on co-location appears to have greatest potential in sites
with identified optimum conditions for shellfish cultivation.

4B.6 Summary
In relation to current draft plan policies it appears co-location with other activities such as
wind and other renewable energy developments may be approached from either industry
perspective. Integration of aquaculture developments within wind farm sites is possible given
agreeable evidence and integration of wind farms within aquaculture sites is possible given
no compromising evidence that the wind farm will negatively affect environmental conditions
within the aquaculture site.
Although at an early stage, and likely to be updated considerably in the near future, these
current plan policies provide examples of co-location being applied within practical marine
spatial planning in the UK. To support the co-location potential of these industries evidence
of the environmental and socio-economic effects of co-location is a high priority. Evidence of
practical logistical means in which the two industries can safely and profitably operate within
the same sites is similarly a high priority.
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SECTION 4C – CO-LOCATION TRIALS – FROM POLICY TO
ACTION (WITH CASE STUDIES)
4C.1 Actions on Guidance From the Marine Policy Statement and
Energy National Policy Statements
The concept of co-location, particularly of aquaculture facilities within offshore wind farms
appears throughout EU Member States marine spatial planning guidance documents (such
as the UK’s Marine Policy Statement) (Table 5). With marine spatial plans presently in
development phases co-location in practice has focused on gathering evidence of spatial use
of the marine environment and refining methodologies for identifying co-location
opportunities (Ref: Fletcher et al., 2012). Although marine spatial planning will provide the
primary system for establishing future co-location opportunities, current practical steps have
been led by research and design needs and industry led initiatives.
Offshore wind farm developers in the UK have responsibilities under consenting
requirements to consult with existing stakeholders and provide mitigation where activities are
disrupted. In addition to marine spatial planning policy the consenting process under the
Planning Act 2008 provides the MRE industry with requirements to consider actions such as
integration of aquaculture facilities as a mitigation option.
The energy National Policy Statements (NPSs) provide the policy guidance in England and
Wales for regulators to refer to when passing consent for developments. As a result the
energy NPSs also provide guidance on issues that developers should display they have
shown due regard to in order to achieve consent. Designation of the energy NPSs was
aimed to ensure that a clear planning system exists and planning decisions will be taken
within the clear policy framework set out in the NPSs, making these decisions as transparent
as possible (Ref: DECC, 2013). Both the overarching energy NPS and the energy NPS
specific to renewable energy developments provide the following guidance that encourage
consideration of mitigation options that would include co-location of aquaculture facilities:
Overarching National Policy Statement Energy- NPS EN-1
§4.1.3
The IPC should take into account: its potential adverse impacts,
including any long-term and cumulative adverse impacts, as well as any
measures to avoid, reduce or compensate for any adverse impact. This counts for
environmental, social and economic benefits and adverse impacts, as discussed
in paragraph 4.1.4. (this applies to developments over 100MW).
National Policy Statement - Renewable Energy Infrastructure - EN-3
§ 2.6.134
Any mitigation proposals should result from the applicant having
detailed consultation with relevant representatives of the fishing industry.
§ 2.6.135
Mitigation should be designed to enhance where reasonably
possible any potential medium and long-term positive benefits to the fishing
industry and commercial fish stocks.
§ 2.6.135
The IPC will need to consider the extent to which disruption to the
fishing industry, whether short term during construction or long term over the
operational period, including that caused by the future implementation of any
safety zones, has been mitigated where reasonably possible.
These consenting policies provide encouragement for MRE developers to consider
integration of aquaculture facilities within OWF. Meanwhile the benefits for aquaculture
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industries, including potential increased growth rates of cultivated species and minimal
spatial conflict have already been established.
The remainder of this section provides two case studies of research, development and trials
of aquaculture techniques. These case studies examine the suitability of aquaculture facilities
within OWF, one within Wales, and one within the German North Sea.
Although instances also exist of other aquaculture related mitigation techniques, particularly
seeding lobsters from regional lobster hatcheries (Orkney and Islay, Scotland) or plans to
construct new lobster hatcheries to mitigate fisheries effected by MRE developments
(Bridlington, Yorkshire) (Ref: Rodwell et al. MREKE, 2013) the case studies presented here
relate to trials and research undertaken to support commercial scale aquaculture.
Case studies discuss: 1. The aquaculture plans (suggested) for each site, 2. Ecological
considerations, 3. Social and economic considerations, 4. Technical considerations and 5.
Policies and planning supporting co-location in each case.
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CASE STUDY 1:

North Hoyle offshore wind farm (RWE
Npower Renew.) mussel cultivation trial (Deepdock Ltd.)
Location
Liverpool Bay, North Wales, UK (see Figure 46).

a)
(b)
(Source: reproduced from www.wikipedia.com Reproduced from Bishop and Miller (Ref: 2007)
Figure 46: (a) Aerial view of North Hoyle displaying the turbine layouts, b) Nautical chart of
Liverpool Bay displaying turbine and associated cable layout
(Source: Images reproduced from www.Wikipedia.com and Bishop and Miller (Ref: 2007)

Background
Deepdock Ltd. trialled three small lays of mussel spat at separate sites within North Hoyle
OWF using a technique known as Seabed Ranching or Seabed Cultivation in summer 2010.
Deepdock Ltd., one of the UKs largest mussel cultivators operate out of Bangor, the largest
harbour on the North Wales coast adjoining Liverpool Bay and approximately 45km from
North Hoyle offshore wind farm. The trial was initiated by Deepdock Ltd. with support from
Seafish and relevant agreements from RWE Npower Renewables as well as permission from
Countryside Council for Wales.
Cultivation of mussels within an offshore wind farm presented an exciting opportunity for
Deepdock Ltd. supported by the Sea Fish Industry Authority (Seafish). With operations
currently practiced in the crowded estuarine waters of Bangor, development of successful
operating practise within an offshore wind farm would have the potential for good growth
rates from cultivated mussels without the major risk of disruption from shipping and bottom
towed fishing gear. Developing offshore aquaculture also provides the opportunity of
expanding operations bringing further employment opportunities and developing industry in
the area as well as developing seafood provision in the UK.
Negotiation for an initial trial led to agreement from RWE npower and permission from
Countryside Council for Wales for a trial in summer 2010. Although raising questions from the
developer, RWE npower over disruption to wind farm service operations and health and
safety risks, agreement for the trial in the open water at requested distances from turbine
safety zones was reached. The trial also displays active consideration of guidelines within the
UK Energy National Policy Statement – Renewable Energy Infrastructure – EN- 3. , providing
evidence for the MRE industry to consider when approaching mitigation decisions under
advice from § 2.6.135.
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§ 2.6.135
Mitigation should be designed to enhance where reasonably
possible any potential medium and long-term positive benefits to the fishing
industry and commercial fish stocks.

The Aquaculture Plans
North Hoyle consists of 30 monopile offshore wind farm turbines in 10m of water at low tide,
the wind farm was constructed in 2003. Suitable sites were selected based on physical data
on tidal currents, sediment and bathymetric information. The trial involved laying three beds
of wild juvenile mussel stock that have been harvested (at approx. 1 year old) and
subsequently harvesting these once they have grown to a marketable size (Ref: Aquafish
Solutions Ltd., 2013). Mussels were laid in the summer of 2010.

Ecological Considerations
Countryside Council Wales (now under Natural Resources Wales) were consulted
throughout the planning and relevant protocols agreed upon. This was especially relevant
due to the North Hoyle site lying within a European Marine Site designated for the protection
of over wintering marine birds (the Liverpool Bay Special Protection Area). Studies of
environmental effects of mussel cultivation show evidence of organic enrichment of
sediments (Refs: Cranford et al., 2009; Fabi et al., 2009). The benthic fauna communities
within the sediment affected by the cultivation process can be significantly altered from those
found previously (Ref: Smith and Shackely, 2004). A reduction in filter feeding organisms,
reduction in new larvae settling in the site of the lay and a dominance of detritus feeders was
recorded in a study in Welsh coastal waters (Ref: Smith and Shackley, 2004). Positive
effects include evidence that both seabed and suspended mussel cultivation techniques
provide habitat for colonising organisms, with suspended cultivation having the least effect
on naturally occurring assemblages (Refs: Miron et al., 2005; Murray et al., 2007; Fabi et al.,
2009). The mussel lay can also provide habitat and a potential food and shelter resource for
macro fauna including fish as identified in studies of natural oyster and mussel beds and
farmed stock (Refs: Seed, 1996; Coen et al., 1999; Bruno and Burtness, 2001; Harley,
2011).
Growth rates of the mussels in the North Hoyle trial were excellent and thought to be related
to high levels of primary productivity and so increased food resources occurring at this
offshore location (Ref: Aquafish Solutions Ltd., 2013). An unexpected high mortality when the
mussel crop was at harvestable size remains unexplained. It is suspected that deploying the
mussels in late summer due to delays over negotiating consents led to cultivation during a
season that is likely to have caused high biological stress in the mussels (Ref: Aquafish
Solutions Ltd., 2013). Consent for a second trial is being pursued to refine operating
procedures and identify the optimum season for cultivating mussels in the offshore
environment within Liverpool Bay (Ref: Aquafish Solutions Ltd., 2013).

Social and Economic Considerations
The social and economic benefits from co-location in this instance included trialling an
activity that would expand employment opportunities within industry in this region. The trial
also developed measures for expanding seafood provision from UK waters. The spatial
economy of co-locating two industries provides the marine spatial planning benefit of leaving
greater available space for other economic or recreational activities in the region. The social
and economic responsibilities of the developer to ensure mitigation options for loss of
economic resources such as fishing grounds has also been approached in this trial. The
knowledge and experience gained provide a useful case study that can inform mitigation
practices at this OWF development and further sites.
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Technical Considerations
This trial benefitted from not utilising equipment that required mooring to wind farm turbines
or infrastructure. Safe operating practices were successfully developed by Deepdock Ltd. to
facilitate working within an OWF site with a strong current regime. Safe operation was
achieved by the use of flat bottomed and highly manoeuvrable vessels with skilled operators
working during favourable tidal and meteorological conditions (Ref: Aquafish Solutions Ltd.,
2013).
The developer’s (RWE Npower Renewables) safety protocol for vessels operating within the
OWF was followed to limit risk for both parties. The control centre was contacted before
entering the site to check existing operations would not be interrupted and communicate the
expected duration of work in the site. Contact was maintained with the control centre and the
centre was notified when work was complete and the vessel had left the site.
Detailed bathymetric data along with tidal current and sediment data was analysed to identify
optimum sites for the small trial lays. Optimum sites required good conditions for growth but
more importantly sites that were practical and safe for the deposition and recovery of mussel
stock (Ref: Aquafish Solutions Ltd., 2013).

Policies and Planning Supporting Co-location
As established earlier, the trial at North Hoyle can be viewed to have aided RWE’s
requirement to investigate mitigation designs “to enhance potential medium and long-term
positive benefits to the fishing industry” (UK Energy National Policy Statement – Renewable
Energy Infrastructure – EN- 3. , § 2.6.13). The trial also presents the first practical application
of co-location of offshore energy production and seafood production industries that supports
planning guidance for Marine Plans set out in the Marine Policy Statement.
The legal matter of public rights of navigation was also directly applicable in this case study.
Offshore wind farm developers, under Section 36 of the Electricity Act 1989 must seek
consent for wind turbines, offshore substation(s) and interarray cables. However public rights
of navigation exist within and around operating wind farms. In the UK there is also a public
right of fishery which enables the activity of fishing (subject of course to any necessary
licence) to take place in the waters around the UK. This leaves a relatively small safety area
of 50m around each turbine which is effectively prohibited to other activity. The public rights
present in UK waters provided the benefit of an area of water within the array where
equipment could be deployed but also the difficulty of establishing which party is responsible
in the event of environmental or technical issues. In this trial permission was sought from the
Welsh Government for a byelaw 1 exemption allowing the activity to be undertaken under an
experimental exemption (Ref: Aquafish Solutions Ltd., 2013).
A clear protocol and information on operations was established with the wind farm developer
and the operations carried out in a consensual way that can manage and mitigate any
additional risks for the wind farm operator. It is important to take from this case study that
negotiations were aided by utilising existing legal structures (Ref: Aquafish Solutions Ltd.,
2013).
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CASE STUDY 2:

Aquaculture systems developed for
integration within offshore wind farms in the German North Sea,
including Alpha Ventus OWF

Location
The Alpha Ventus offshore wind farm was constructed in 2010-2011, 60km offshore in the
German EEZ (see Figure 47). As opposed to other EU Member States where OWF have
been constructed in relatively shallow waters +/- 20m OWF developments in Germany are
concentrated further offshore in approximately 30m water depths. At this distance offshore
wind speeds average 10 metres per second and wave heights average 6-8 metres creating a
demanding site for wind farm construction and for deployment of offshore aquaculture
systems. Construction, operation and maintenance logistics at this offshore site are stated as
being challenging by the developers but the consistent wind resource has led to power
generation beyond initial expectations (Ref: EWE, Eon, Vattenfall 2012).
The distance offshore of the wind farm site is due to consenting requirements in the German
North Sea. Developments in the region are required to be located beyond the Wadden Sea
World Natural Heritage site and the near-coastal shipping routes.
This location offers similarities to UK round two and three OWF developments and provides
a case study in contrasting conditions to the Seafish and Deepdock Ltd. trial at the inshore
North Hoyle OWF site that has been discussed in detail in this project.

Figure 47: Map displaying the location of Alpha Ventus OWF in relation to Netherlands, German
and Danish coasts and turbine layout within the OWF
(Source: image reproduced from Wikimedia commons)
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Structural Details
Alpha Ventus is Germany’s premier offshore wind farm test site and as such operates two
types of wind turbines with two different foundation designs, jacket foundations (see Figure
48) and tripod foundations (see Figure 49). The rated output of the wind farm is 60 MW. The
12 wind turbines are separated by 800m and arranged on a grid formation covering four
square kilometres. All general shipping and fishing vessels are prohibited from entering the
entire area of the wind farm. Overall heights of turbines are 178-185 meters with a diameter
of 5m.

Figure 48: Jacket foundation
Figure 49: Tripod foundation
(Source: images reproduced from www.eon-uk.com)

Scale of tripod foundations (Source: image reproduced from www.us.areva.com)

Aquaculture Plans (suggested)
The significant work investigating offshore aquaculture options in relation to Alpha Ventus
offshore wind farm have been coordinated at the Alfred-Wegener-Institut, Bremerhaven,
Germany under supervision of Professor Bela Buck. Buck et al. (Ref: 2008) describe the
major pitfalls of developing offshore aquaculture as being the demands of the offshore
environment on infrastructure and the difficulty of access to service aquaculture instillations.
The massive offshore wind farm development plans in the North Sea alleviate these barriers.
Offshore wind farms provide supporting infrastructure to anchor aquaculture systems to and
regular service vessels. A further benefit for the aquaculture industry discussed by Buck et
al. (Ref: 2008) is the exclusion of other shipping and fishing activity from wind farm sites.
The co-location of two industries and related economic opportunities also potentially benefit
consenting times for developments. Co-location is discussed as providing marine spatial
planning benefits and economic opportunities for fishermen and coastal communities if
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income from existing sources such as fishing and tourism are affected by renewable energy
developments. These benefits form the basis of the multi-use concept for OWF sites in the
German North Sea (Ref: Buck et al., 2008).
Work relating to developing aquaculture systems that can be integrated into the offshore
wind farms in the German North Sea has been developed through at least 9 research
projects (Ref: Buck et al., 2008). Initial feasibility studies focused on the biological, technical
and economic feasibility of the cultivation of marine organisms within OWFs. Selection
through a set of geo-physical and biological parameters identified specific candidate species
(Ref: Buck et al., 2008). The primary species discussed are:
1. The seaweeds Sugar Kelp (Saccharina latissima) and Dulse (Palmaria palmata).
2. Blue mussel (Mytilus edulis) and the oyster species Ostrea edulis and Crassostrea
gigas.
These species fulfilled criteria that meant they could be maintained extensively in the
offshore region and labour requirements for cultivation are supposed to be low (Ref: Buck et
al., 2008). Further studies have investigated the tolerance of these species to offshore
environments and have tested suitable aquaculture systems to support cultivation. Economic
assessments and investigation into industry perspectives of benefits and dis-benefits have
also been conducted to develop best practice for both technical approaches and
management of co-location between industries. The findings of these studies for the primary
candidate species are summarised in this case study in relation to the policy and planning
goals encouraging co-location of industries.

SEAWEED CULTIVATION: Sugar Kelp (Saccharina latissima), Dulse
(Palmaria palmata) cultivation on ropes or from ring frames
Background
In the North Sea only indigenous species are favoured as candidates for aquaculture to
avoid the introduction of non-native species. Existing methods that can be adapted for
culturing seaweed species within an offshore wind farm include rafts, longlines and ring
methods Buck et al. (Ref: 2008). The most successful trials in the German North Sea utilised
longline and ring methods (see Figure 50) (Refs: Hickman 1992; Buck and Buchholz 2004;
Buck 2007a).

Figure 50(a)

Figure 50(b)

Figure 50(c)

Figure 50: (a) The proposed layout of longline system for cultivation of mussels or seaweeds,
(b) longline system for seaweed (c) ring method for cultivation of seaweed
(Source: reproduced from www.seaweed.ie)(reproduced from Ref: Buck et al., 2008)
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Ecological Considerations
Growth of brown and red seaweed species was reported to be excellent in offshore
environments although effected by exposure of sites, system design, instillation mode and
season (Ref: Buck et al., 2008). From a biological point of view a floating and submergible
ring system for seaweed cultivation was indicated as favourable (Ref: Buck and Buchholz
2004; Buck 2007a; Buck et al., 2008). This system allowed easy handling and withstood
rough weather conditions (Ref: Buck and Buchholz, 2004). Increased length of seaweed
blades and development of stronger hold fasts to cope with the increased loadings were
observed in trials with kelp suggesting cultivation in offshore aquaculture was feasible (Refs:
Buck and Buchholz 2004; Buck et al., 2008).

Social and Economic Considerations
Stakeholder perceptions towards integrating aquaculture within offshore wind farms were
also considered for the German North Sea. Michler-Cieluch and Krause (Ref: 2008)
examined stakeholder perceptions on co-management scenarios through interviews with the
wind farm industry and the aquaculture sector. Disagreements focused on the distribution of
entitlements to benefits and profits between the industry sectors. A negotiation process was
identified as being of upmost importance to establishing effective integration of the two
industries (aquaculture and offshore wind). Economic feasibility and outstanding questions
about the environmental effects were identified as the major areas for greater understanding.
Support for co-location revolved around the additional social benefit from economic
opportunities and potential for this to provide additional community support for developments
(Refs: Michler-Cieluch and Krause 2008; Buck et al., 2008).
Co-management by the industries themselves, coordinated by an institutional third party
rather than top-down induced management schemes by National government was suggested
as providing the greatest opportunity for successful interaction (Ref: Buck et al., 2008).
Alongside developing co-management strategies further research on practical techniques for
integration of apparatus and the potential for economic profits were reported as being called
for by interviewees (Refs: Michler-Cieluch and Kodeih, 2008; Buck et al., 2008).
Economic feasibility studies reported strong markets exist for brown and red algae (Ref:
Buck et al., 2008). Algae can be utilised for food markets as a healthy and ‘green’ biofood or
utilised in other industries as an emulsifier, medicine or subsidiary ingredient in foods (Ref:
Buck et al., 2008).
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MUSSEL CULTIVATION: Blue mussel (Mytilus edulis) cultivation on
longlines

Figure 51: Mussel longline system Image reproduced from www.dfo-mpo.gc.ca

Background
As with seaweed cultivation, mussel cultivation was identified by feasibility studies to be a
primary candidate for integration into wind farms in the offshore areas (in Germany these are
typically over 16 km offshore). Submerged longline methods (see Figure 51) for cultivation
performed well in trials in the German North Sea and adaptations such as sectioning lines to
allow smaller, lighter sections for ease of maintenance and harvesting in the exposed
offshore environment were reported as being advantageous (Refs: Buck and Buchholz 2004;
Buck 2007a; Buck et al., 2008).

Ecological Considerations
Like the seaweed species trialled, blue mussels (Mytilus edulis) were reported to show
excellent growth rates in offshore environments although the same confounding factors can
be identified including, exposure of sites, system design, instillation mode and season (Ref:
Buck et al., 2008). For instance, settlement of young mussels on seed collectors diminished
with distance from shore although to counter this studies also found less parasites on
mussels in offshore environments (Refs: Walter et al., 2009; Buck et al., 2005). Low
infestations were found of macro parasites, micro parasites, bacteria and toxins (Refs: Voss,
2006; Brenner et al., 2009; Buck et al., 2008).

Social and Economic Considerations
Specific economic analyses of co-location of long line mussel cultivation within OWFs in the
German North Sea identified higher economic costs offshore due to the need for modified
techniques to withstand the high energy environment offshore in the North Sea (Refs:
Brenner et al., 2007; Buck et al., 2008). Factors leading to profitability were summarised as
the yield obtained per meter of longline and the service life of equipment. Breakeven points
were dominated by the market price obtained and the annual settlement success of juvenile
mussels. Interestingly the analyses revealed shipping costs and the presence of service
vessels that can be utilised for both OWF and aquaculture roles did not have a great effect
on economic returns (Ref: Buck et al., 2008).
The suitability of sites is therefore suggested by Buck et al. (Ref: 2008) as relying on two
initial factors. One, biological: assessing the quality of the water and the second, economic:
_____________________________________________________________________________________________________
Section 4C – Policy Drivers
Page 132 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

assessing the economic risk from the demands of the high energy environment and
investment in technical approaches required to successfully cultivate species at a given
location. Investigations of material preferences for settling of juvenile mussels and the
rigour of those materials to high energy offshore environments are also important
considerations in further research to aid calculating economic returns.
As in the case of seaweed aquaculture, Michler-Cieluch and Krause’s (Ref: 2008) studies of
stakeholder perceptions on co-management scenarios are directly relevant to mussel
cultivation as interviews were conducted with the mussel harvesting sector. Similarly,
feasibility studies reported strong markets for mussels and oysters as for red and brown
algae (Ref: Buck et al., 2008).

Technical Considerations
The longline system that was successful in trials is advised to be installed 5m below the
surface and connected to the foundations of wind farm turbines. Removable segments were
utilised to provide for easy handling and harvest under harsh weather conditions. Although
the most suitable material is undecided polypropylene was appropriate during trials (Refs:
Buck et al., 2006; Buck, 2007b; Buck et al., 2008). As part of the experimental trials the
forces exerted on supporting structures from a 50m longline were calculated to be 90kN
(given a longline anchored between two steel posts, 17 miles offshore with significant wave
heights of 1.8m and tidal currents of up to 1.0m/s) (Ref: Zieliniski et al., 2006). Further
research to understand actual loads under a full scale system are underway and results will
obviously be important to provide risk assessments for different turbine foundation designs
(Ref: Buck et al., 2008).

Marine Policy and Planning Supporting Co-location for Both Techniques
The feasible aquaculture systems identified by the research summarised in this case study
relate directly to the key Policy Drivers identified in the Germany Spatial plan for the German
Exclusive Economic Zone:
§ 3.6.1 (5) Facilities for mariculture shall be established preferably in combination
with existing installations.
§ 3.6.2 Ad (5): To create synergy effects in the establishment of mariculture, one
might consider the use of existing installations – such as the foundations of
offshore wind turbines – as possibilities for affixing aquaculture systems
Of particular relevance is that the interviews conducted with personnel from both offshore
renewable energy industries and aquaculture industries identified similar benefits to those
aimed for by marine spatial planning within the EU (Ref: Ehler and Douvere, UNESCO,
2009). These include the potential of co-location of industries to reduce spatial conflict
elsewhere, enhance the social acceptance of developments in local communities and the
provision of further employment for local communities (Ref: Michler-Cieluch and Krause,
2008).
The benefits in terms of aiding logistics and resource availability appear to fall to the
aquaculture industry with benefits to the offshore wind farm industry being less immediate.
However in regions that may see consent for wind farm developments being heavily
contested by local communities the identified social and economic benefits of co-location
with a further industry are likely to provide wind farm developers with a strong negotiating
tool. In addition, displaying active mitigation for loss of an economic resource such as
offshore fishing grounds will also provide benefits in speeding up the consent process.
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SECTION 5 – THE FUTURE OF GERMAN CO-LOCATION;
PROGRESS TO DATE AND CHALLENGES AHEAD

5.1

Overview

In European terms, Germany is the country that has without doubt been most active in
investigating the potential for co-location or multi-use of the marine space within offshore
wind farms. This work has been led by Prof. Bela Buck at the Alfred Wegener Institute (AWI)
in Bremerhaven and their research is widely cited in this current report. Section 5 describes
and summarises conference calls and communication with the Prof. Buck and Dr. Gesche
Krause at the AWI regarding the progress, challenges, issues and remaining work that is
required with regard to successfully implement commercial-scale aquaculture co-location
within offshore wind farms.
Focussing on the German North Sea area (see Figure 52), it is hoped that relevant lessons
that have been learnt in Germany over the last ~15 years can be applied to this Welsh study.
Detailed discussions of species, aquaculture techniques, economics, marine licensing and
case studies regarding current offshore trials can be found in Sections 2, 3 and 4. Section 5
reviews German co-location development to date.

Figure 52: German Exclusive Economic Zone, coastal area and planned wind farms
(Source: Buck et al., Ref: 2004)

5.2

MSP and Co-location Legislation

Marine Spatial Planning (MSP) is at an advanced stage in German waters and this has
highlighted how limited the space resource now is in this respect.
The level of current marine use in the German North Sea is shown in Figure 53.
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Figure 53: Diagrammatic summary of marine spatial use in German Waters
(Source: Federal Maritime and Hydrographic Agency [BSH]
http://www.bsh.de/en/Marine_uses/Industry/CONTIS_maps/index.jsp

The significant level of designation of Marine Parks and nature conservation areas in
particular are seen as primary drivers for co-location or multi-functional use of the marine
space resource (see Figure 54). In terms of aquaculture in particular, these Marine Parks are
reducing the area available for mussel culture hence why co-location is also seen as
necessary by the German aquaculture industry.

Figure 54: Nature conservation designations in German Waters
(Source: Federal Maritime and Hydrographic Agency [BSH])
http://www.bsh.de/en/Marine_uses/Industry/CONTIS_maps/index.jsp

The potential for co-location in German waters has been known and understood for over a
decade with research being undertaken by the AWI throughout this time. However, for the
first part of this period (i.e. up to 6 years ago) there was little support from other sectors for
working with the aquaculture industry to develop its co-location potential. MSP has therefore
helped to encourage a change in attitude towards co-location. The sharing between marine
users of Environmental Impact Assessments, service vessels and the complimentary use of
facilities etc. is seen as a possible way forward in terms of maximising the efficient use of this
resource. The single biggest impact however of MSP, in highlighting how highly utilised
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German waters already are, has been to trigger the introduction of laws/regulations covering
the requirement for wind farm developers (WFD) of potential sites to consider co-location as
part of their application for a permit to develop a new wind farm.
It is now the case that when applying to the Federal Maritime and Hydrographic Agency
(BSH) for a permit to develop a new site, a WFD must investigate the potential for co-location
with other sectors i.e. multi-functional use of the area. The WFD must demonstrate that this
investigation has taken place even if that investigation highlights that co-location is not a
possibility. Prof. Buck (pers. comm.) stated that he was presently involved in a new project
with the Law Department of the University of Rostock to rewrite the current regulations
covering the development and installation of offshore wind farms to include the requirement
to consider co-location or multi-functional use of the area. The requirement to consider colocation is not however retrospective and as such where a WFD has already received a
permit to develop a new wind farm site then there is no legal requirement for them to
investigate the potential for co-location.

5.3

Aquaculture and Offshore Wind Farms

Prof. Buck stated that dredging for mussels wouldn’t be allowed in German waters and so
they are prioritising rope-mussel culture for German co-location. Indeed, it appears that all
use and access to offshore wind farms in German waters is banned with a 500m exclusion
zone around the entire site (Dr. Gesche Krause, AWI, pers. comm.). In the UK, whilst
seabed culture of mussels is permissible and was the technique employed in the North Hoyle
trial, it is thought that the aquaculture industry would ultimately like to undertake co-location
trials using fixed gear technology.
Connecting aquaculture devices/equipment both directly to and away from the wind turbines
has been considered during German co-location research. However, all of these structures
are submerged so as not to interfere with service vessel access to the turbines. Techniques
investigated have included both suspended shellfish culture and suspended fish cages. See
Figure 55.

Figure 55: Potential design for submerged offshore fin fish cage
(Source: www.imare.de/en/marine_aquaculture/research/closed_projects/open_ocean_multi_use/ )

Prof. Buck agreed that the focus of the current study on seeking to develop aquaculture in
the spaces between wind turbines, rather than seeking to attach equipment to them, was
more practical and therefore more likely to achieve positive results in the short to medium
term. Existing wind turbines cannot have extra structures attached to them as this would be
outside their original design specification. The aquaculture installations in the left-hand image
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of Figure 56 are therefore more relevant to the current study than the majority of the
installations shown in the right-hand image of Figure 56.

Figure 56: Diagrammatic representation of possible offshore shellfish aquaculture installations
Left-hand image: Installations between existing wind turbines; Right-hand image: Multi-use of
wind turbine structures for co-location with shellfish aquaculture (Source: Buck et al., Ref:
2004)

Macroalgae culture has not developed as this type of aquaculture requires the young
seaweed plants to remain at the surface in order to obtain the necessary amounts of
sunlight. It appears that in German waters the wind farm service vessels retain the right to
travel directly between turbines and so all forms of aquaculture must be undertaken subsurface. Whilst the older macroalgae can be on-grown in the sub-surface, the short duration
of the culture cycle means that it is not economic to consider part-growing the seaweed in
alternative sites whilst young and the transferring them to the wind farm site for finishing.
One new potential wind farm development that has been the subject of several research
papers (e.g. see Ref: Buck et al., 2010 for a review) is the Nordergründe site which has a
consented capacity of 110.7 MW. This site is relatively nearshore (17 nautical miles off
Bremerhaven) when compared to many other proposed developments, standing in between
3m to 11m water depth (see Figure 57).

Figure 57: Offshore wind farm developments in German Waters
(Source: Federal Maritime and Hydrographic Agency [BSH])
http://www.bsh.de/en/Marine_uses/Industry/CONTIS_maps/index.jsp
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This site is located in the coastal sea area of Germany and as such is subject to control by
the German state of Lower Saxony, rather than the Federal State as would be the case with
wind farm developments in the EEZ. The WFDs in Germany do however face significant
challenges foremost of which are not depth or distance, but are the challenges that they face
from environmentalists to any planning applications that are submitted. This is particularly
the case with respect to the cables that are required to bring the electricity ashore as these
have to cross the Wadden Sea which is highly protected.
Whilst this Nordergründe development now has consent, it appears that it has taken 13 years
for the developer, Energiekontor AG, to obtain a permit for the farm and they now face a
battle with some environmental groups over permission to lay a cable to shore. It appears
that the somewhat complex control of permissions in this respect allows environmental
groups to lodge one appeal after another with each appeal process taking approximately one
year to complete. The cable will need to come ashore by crossing through the Wadden Sea
which is a UNESCO World Heritage site. The level of designated environmental protection
for this site means that wind farm developers may have to consider working together to lay a
joint cable if permission is to be obtained within a realistic timeframe for building works to
start.
As the Nordergründe Wind Farm has been approved and a rope-mussel farm had been
planned within the wind farm, the AWI had hoped to test out many of its aquaculture models
and theories within this site as this will be closer to shore than most. However it is
understood that Energiekontor are considering selling their permit due to the delays that they
face in trying to bring a cable ashore. Because of this, the much needed practical
aquaculture trials are still on hold for the moment.

5.4

Co-management and Co-location

To achieve co-location there is only a need for two differing economic activities to take place
within the same area i.e. operating independently but with regard for each other. The
concept of co-management takes co-location a stage further whereby there is an intention for
two differing economic activities to share resources, infrastructure and facilities. The intention
to undertake co-management may well be seen as a positive aspect of any new applications
for wind farm developments.
Prof. Buck has stated that there were potential cost savings to be achieved for both WFOs
and the aquaculture sector through co-management during co-location. However, in his
opinion 95% of the benefit in terms of cost savings, by such measures as sharing of
resources/facilities, would accrue to the aquaculture rather than the wind farm sector.
Insurance can also be an issue in terms of sharing resources unless there is a clear
delineation as to ‘who owns what’ and who therefore has ultimate responsibility for any
assets.

5.5

Challenges Facing German Co-location Development

Co-operation; The biggest challenge facing the development of shellfish aquaculture colocation is not the technique, biology of the species or economics but is the ‘social’ problems
i.e. the willingness or desire of wind farm developers/operators to work with the aquaculture
industry. German wind farms are 60km offshore (See Figure 57) and so the wind farm
operators have issues with depth and don’t want any further issues caused through colocation.
Research vs. Commercial-scale Production; To date there have been no risk
assessments carried out as to what the impacts potential hazards from aquaculture, e.g.
drifting rope-mussel lines, might pose to the wind turbines or service vessels. The
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experience so far in Germany with working offshore has only been at the level of pilot scale
studies. Therefore extrapolation of how the developing or experimental offshore aquaculture
technology might operate in a commercial environment is at best theoretical.
In terms of environmental impacts of commercial-scale culture, it has not been possible using
tank-based research to predict with any certainty what the impacts will be of pseudofaeces
accumulation from extensive rope-mussel cultivation. Current Integrated Multi-Trophic
Aquaculture (IMTA) research on nutrient fluxes is having to be carried out on-shore in
recirculation systems as the North Sea itself is too highly eutrophic to allow quantification of
small changes in the levels of the variables being investigated.
Prof. Buck stated that at every meeting that he attends on the potential for development of
offshore shellfish aquaculture co-location there is a consensus that the operational,
ecological, environmental and economic variables need to be investigated in a field study
that matches or replicates the level of production that would be experienced with
commercial-scale shellfish production. This view was confirmed by Dr. Krause who went on
to add that a ‘showcase project’ would also help to encourage investment at a time in
Germany where there is a risk-adverse conservative government and a dire economic
situation.
If such a pilot project, perhaps organised through international co-operation and funding,
could be undertaken then this would generate the real data that is required to test the
theoretical assumptions of environmental and ecological research to date and to ground-truth
such aspects as the economic predictions. Such research would also potentially provide the
kind of evidence that could be used to defend the development of offshore aquaculture
against claims that it may impact adversely on the wider marine environment.
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SECTION 6 – OPERATIONAL ISSUES – PART A
A. OPERATIONAL ISSUES - CO-LOCATION COMPATIBILITY
A.1

Co-location Matrix

A.1.1 Previous Compatibility Matrices
The Marine Management Organisation (MMO) have recently published their colocation report (Ref: MMO, 2013a), produced as a first step in their co-location
research programme. Co-location has been identified as a priority area in the MMOs
Strategic Evidence Plan and moving forwards the co-location programme looks to
fulfil obligations to consider co-location identified in the Marine Policy Statement.
The MMO report considers a full spectrum of co-location combinations at a high level
of which aquaculture/OWF is just one. The MMO report reviews a number of source
reports and marine activity matrices (some of which include aquaculture/OWF
combinations) before deriving their own co-location compatibility matrix. A summary
of these outputs and the final MMO matrix is provided below.
Firth of Clyde and Morey Firth Partnership; Thompson et al. (Ref: 2008) working
for Marine Scotland undertook a series of stakeholder questionnaires regarding their
perceptions of potential sectorial interactions. Table 7 is an extract of their output
matrix which indicates a ‘positive’ (finfish) or ‘neutral’ (shellfish) compatibility between
aquaculture and OWFs.
Table 7: Extract of sectorial interactions (Firth of Clyde)
(Source: Thompson et al. (Ref: 2008) reviewed in MMO (Ref: 2013a))

It is also interesting to note that Thompson et al. (Ref: 2008) also indicate potential
‘conflict’ between fisheries and finfish aquaculture (possibly due to fixed gear forming
an obstacle in the water column) as opposed to just ‘competition’ with bottom based
trawling and shellfish aquaculture (possibly based on the assumption that they would
only be confined to seabed operations).
Scotland’s National Marine Plan; A broad high level sectorial interactions matrix for
The Scottish Government (Ref: 2011) indicated a ‘medium-high’ level of interaction
between the aquaculture and OWF sectors (see Table 8).
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Table 8: Extract of sectorial interactions (Scotland)
(Source: The Scottish Government (Ref: 2011) reviewed in MMO (Ref: 2013a))

This study also indicated a ‘medium-high’ degree of interaction between aquaculture
(fish and shellfish) and commercial fisheries, static fisheries and conservation
interests.
UK Government; Lee and Stelzenmuller (Ref: 2010) provided an activity matrix
reflecting levels of potential conflict between sectors, designed for use by the
government in risk assessment and sustainability appraisal. This assessment
proposed a ‘medium’ likelihood of conflict between aquaculture and OWFs and a
‘mutually’ exclusive interaction with all forms of fishing.
Table 9: Extract of sectorial interactions (UK Government)
(Source: Lee and Stelzenmuller (Ref: 2010) reviewed in MMO (Ref: 2013a))

0 = no conflict, 1 = low likelihood of conflict, 2 = medium likelihood of conflict, 3 = high likelihood
of conflict, 4 = very high likelihood of conflict and 5 = mutually exclusive

MMO Co-location Study; Building upon the previous sectorial activity matrices
CEFAS and the University of East Anglia, funded by and working on behalf of the
MMO, devised a comprehensive scoring scheme and associated colour codes for
matrix cells to reflect the level of conflict likely to exist between the two activities if
occupying the same spatial footprint. The scoring criteria included a range of factors
including previous examples of co-location, scientific data and expert opinion. The
MMO matrix separated construction and operational phases and most importantly
differentiated between the turbine / safety zone and the wider wind farm. An extract
of the output in relation to aquaculture is presented in Table 10 as follows.
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Table 10: Extract of co-location matrix (MMO)
(Source: MMO (Ref: 2013a))

Phase

OWF

Construction

wind turbines
safety zones

Aquaculture
including

Wind farms
Operation

wind turbines
safety zones

including

Wind farms

Key:
It is unlikely that these activities can occupy the same space (footprint) as they are likely to
require high or very high levels of engagement/planning intervention to enable co-location
Potential conflicts may exist therefore activities are likely to require medium levels of
engagement/planning intervention to facilitate co-location

The MMO report (Ref: 2013a) defines co-location within the marine plans as two or
more activities occupying the same spatial footprint. The assessment for aquaculture
with fisheries (all forms) indicated this co-location form was ‘unlikely’, whilst
aquaculture and marine protected areas (non-reference) were demarked as ‘potential
conflicts’. A critical illustration of this distinction is the differentiation obtained by
separating OWF turbines/safety zones from the wider wind farm (Table 10). If this
zone separation were not made and a blanket label of ‘OWF’ used the higher
sensitivity of the most vulnerable activity would apply to the whole OWF - even
though it only occupies a fraction of the area. It is suggested that with appropriate
zoning to separate marine activities, co-existence could provide an output with
increased likelihood of compatibility. It is suggested with proportionate zoning it may
even be possible to allow multi-user zoning if appropriate management is in place
(see Section A.5).

A.1.2 Proposed Compatibility Matrix
The MMO matrix (Table 10) has been expanded with additional zoning and
differentiation into potential aquaculture forms (see Section 2) to provide a proposed
compatibility matrix for aquaculture and OWFs. In the same way as the MMO matrix
separates construction and operational phases it must also be recognised that
aquaculture activities may pose differing levels of compatibility during the deployment
and harvesting phases.
It should also be noted that this is a broad generic matrix proposed as a starting point
for screening and as pointed out in Section A.2 there will be site specific variation
with differing levels of risk which will change of potential compatibility of specific
activities within different OWFs.
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Table 11: Proposed Aquaculture/OWF co-location compatibility matrix

Phase

OWF
Seabed Ranching
(see Part C
(e.g. AR)
Proximity zones)
Deployment

Construction

Harvest

Seabed Culture
(e.g. mussel seed relaying)

Fixed Gear Aquaculture
(e.g. longlines)

Deployment

Deployment

Harvest

Wind
turbines
safety zones –
Exclusion Zones
Wind
farmsRestriction
Zones
Wind farms Inter-array
Zones

Operation

Wind
turbines
safety zones –
Exclusion Zones
Wind
farmsRestriction
Zones
Wind farms Inter-array
Zones

Key:
It is unlikely that these activities can occupy the same space (footprint) as they are likely to
require high or very high levels of engagement/planning intervention to enable co-location
Potential conflicts may exist Therefore activities are likely to require medium levels of
engagement/planning intervention to facilitate co-location
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A.2 Compatibility Between Shellfish Aquaculture and OWF
Operations
A.2.1 German Offshore Aquaculture/OWF Compatibility Assessment
Buck and other German researchers at the Alfred Wegener Institute (AWI) have long
pioneered the potential for aquaculture/OWF co-location with work-streams looking at
biological, technical, commercial and legal issues.
Michler-Cieluch et al. (Ref: 2009b) undertook an assessment of compatibility between the
aquaculture and OWF sectors drawing out potentialities and restrictions of working together.
A central thrust of this paper was that both sectors shared some common goals and that the
aquaculture operators could bring some skills and strengths which the OWF sector lacked,
particularly with regards to their offshore mentality and experience.
Some early work by Buck focussed on direct co-location upon the same footprint by
combining the underwater foundations of offshore wind energy plants with marine
aquaculture as illustrated in Figure 58. The AWI AquaLast project was designed to
measure the loads on the grounding structures of offshore wind turbines using an offshore
test facility 14 nm off the Island of Sylt. This facility consisted of a roughly 60 meters long
submerged longline with load sensors to emulate the drag effects of mussel collectors in
parallel with oceanographic measurements taken at the same site (Figure 58). The overall
objective of this study was to assess what degree structural modifications would be needed
to make foundations suitable for co-use with marine offshore aquaculture.

Figure 58: AquaLast trial longline to assess technical requirements direct co-use
(Source: Buck et al. Ref: 2006)

Although such direct co-use could be technically possible if systems were appropriately
designed there would be significant operational, commercial and legal challenges. A
number of exciting future co-location schemes using Multi-Use Platforms (MUPs) are
currently being researched on the basis of co-management. At the point where people are
stationed offshore it is possible that a more holistic approach will be welcomed. Instead
current co-location practice in the UK is more likely to favour discrete separation as
highlighted in Section A.1.
It is uncertain to what degree the German experience could be transposed to the UK. Most
German focus is upon the EEZ ‘offshore’ area outside the 12nm limit, whereas in the UK
OWF development in nearshore coastal waters has been developing over R1 and R2
schemes for a number of years gradually extending OWF sector experience and moving
further offshore. Furthermore, a number of service companies have been set-up to support
_____________________________________________________________________________________________________
Section 6 – Operational Issues – Part A
Page 144 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

the OWF sector employing those from the fishing sector thereby ‘buying in’ the marine skills
without the need to co-operate with aquaculture.
Michler-Cieluch et al. (Ref: 2009b) highlight the potential financial savings which could be
possible through the sharing of service vessels so spreading common costs between both
sectors. Section B.4 reviews vessel safety and crew training issues which suggest that
whilst in theory many of the requirements and skills are common to both sectors, there are
subtle differences which indicate direct implementation may be problematic. It is unclear
how common vessels could be fitted out to support specialised tasks for both sectors.
Michler-Cieluch et al. (Ref: 2009b) consider that the limited weather windows will encourage
both sectors to mobilise to site at the same time and thereby save costs. In practice, it is
uncertain how operationally this would work as once on-site as both sectors would be keen
to maximise workload within the OWF at a number of locations and therefore both groups
would require vessel access simultaneously.
In summary, Michler-Cieluch et al. (Ref: 2009b) highlight some promising areas of potential
co-operation which are based upon co-management which implies an equal partnership
between both sectors. At the moment in the UK the OWF sector already has primary rights
to the areas leased and does not therefore need to consider co-management. Economic
models for the OWF sector are already in place as the core business and any new fringe or
secondary co-location activity will need to make its own case as a subsidiary operation. In
simple terms, if aquaculture/OWF co-location is to work in the UK on existing OWFs then
aquaculture, as the newcomer, will need to fit in with the needs and requirements of the
OWF sector i.e. as an unequal partner. Alternatively, if the cost-benefit model is attractive
enough then the OWF could consider aquaculture as a sole operator (proposed as the
potentially simplest solution by Krause et al., Ref: 2011) so long as the costs and risks are
not prohibitive.
On a positive note, Michler-Cieluch et al. (Ref: 2009b) proposed ‘interface management’ to
facilitate communication between the two sectors and overcome the restrictions of working
together. This idea would seem to have merit and could hopefully be encompassed by the
formation of an Aquaculture & OWF Co-location Stakeholder Forum. This group could seek
external funding with which to support such a function and to provide a framework to host
issues which will need resolution. Similar bodies already exist such as FLOWW (Fisheries
Liaison with Offshore Wind and Wet renewables). It is possible that the appetite for
engagement by the OWF sector may need a longer term perspective which may require
stimulation by a clear regulatory direction of travel for future licensing requirements.

A.2.2 Influence of Perceived and Potential Risks upon Compatibility
The compatibility overview in Section A.1 indicates that aquaculture and OWF operations
need not be mutually exclusive but will require a degree of interaction to avoid potential
conflict. The degree to which the OWF sector is inclusive towards the shellfish aquaculture
sector within existing OWFs will largely be a function of whether the benefits outweigh the
risks and whether risks can be adequately mitigated.
Co-location of aquaculture and OWFs can present increased levels of risk to both parties.
Previous stakeholder experience from Germany has shown concern from both sectors
regarding perceived obstacles to co-location in addition to scepticism, from some, about the
need for co-location (Ref: Michler-Cieluch et al., 2009a). Section 6 outlines some of the
potential benefits to both sectors to co-locate which will need to outweigh the perceived
risks.
Whilst it is possible that OWF may present problems to aquaculture the main focus of this
section are the risks which aquaculture (as the new entrant) may present to the OWF
operator. In essence, unless the OWF licensing drives change (see Section 3) it will be the
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responsibility of aquaculture to demonstrate that they can operate in a compatible manner
with pre-existing OWF operations.
It should be noted that the risk factors presented by aquaculture are strongly influenced by
the type of aquaculture conducted, as outlined in Section 2, and the condition and site
specific influences as shown in Table 12. Furthermore, the scale of the risk will be broadly
dependant on the individual OWF. For example, the tidally induced current regime for the
R3 Atlantic Array is likely to be considerably more challenging than for the R3 Celtic Seas.
An overview of condition specific vs. site specific issues is presented in Table 12 below.
Table 12: Summary of potential condition specific influences upon Welsh OWFs

Condition Specific

Surface Wave Impact (Note 1)
(vessel operations and buoy drag)
Wave Base Storm Impact (Note 2)
(erosion/smothering of seabed
culture, wave induced current drag
on aquaculture gear)
Tidal Induced Currents (Note 3)
(current
induced
drag
on
aquaculture gear)

North
Hoyle
R1
M

Rhyl
Sands
R1
M

Site Specific
GwyntCeltic
Y-Mor
Seas
R2
R3
M
H

Atlantic
Array
R3
H

Note 4

H

H

M

H

M

L

L

M

L

H

Note 4

L = Low, M = Medium, H = High
Note 1: Wind induced waves subject to length of fetch and exposure to wind direction. Offshore R3 site more
exposed. Inshore R1 sites less exposed
Note 2: Wave induced currents will extend deeper into water column during storms giving rise to difficulties
during extreme conditions
Note 3: Extreme tidal currents in Bristol Channel and around headland features (i.e. associated with Menai
Straits).
Note 4: Gwynt-Y-Mor likely to span very different conditions in terms of exposure and depth between NW and
SE margins of OWF.

As site specific conditions may well vary within individual OWFs it is likely that risks differ
across an area so that a multi-use approach such as that explored in Section C.3 may be
the most appropriate. A more detailed risk matrix assessing the severity and potential
frequency of individual hazards will require a site specific assessment and is beyond the
scope of this report.
The following sub-sections consider broad generic issues which may be considered
sensitive to potential influence by different aquaculture forms. Some factors may be
perceived as a greater threat than they actually present until real trial data can be generated
to help inform future assessments.

A.2.3 Risk Factors - Cable Snagging and Severing
Sensitivity and Liability; Recent reports on the degree of guaranteed returns to cable
companies (who operate export lines from the OWF sub-station to landfall) have been
challenged leading to calls for increased penalties in the event of cable failure and loss of
power supply. Cable snagging by other marine users and the potential severing of a
transmission cable is therefore a sensitive subject for OWF operators leading to calls for risk
protection through appropriate levels of insurance.
The United Nations Convention on the Law of the Sea (UNCLOS) 1982 requires
indemnification for vessels which sacrifice anchors or fishing gear to avoid damage to
underwater cables (Ref: RedPenguin, 2012). From a legal perspective the cable should
not present a seabed obstacle and if a fishing vessel were to become snagged it is the
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OWF operator who would be liable. In consequence, OWF operators are very nervous
about any activity which may increase risk of snagging a cable (which would cause
operational issues and incur costs) and severing a cable (which could be very expensive
and politically damaging).
Exposure of Cables; OWFs placed in a dynamic high energy environment with mobile
sediments may be susceptible to periodic exposure of transmission cables. All cables
should theoretically either be buried (e.g. plough buried in soft sediment) or covered (e.g.
rock armour covering). However, the issue of scour, particularly associated with the eddy
effect around monopiles (see Figure 59 below), is an increasing cause for concern within
the OWF community.
The need for scour protection at some sites may be identified during the design stage at
sites of exposed rock or in areas subject to high current speeds. In terms of the R2 GwyntY-Mor wind farm case study scenario (developed in Section C.3) x13 turbines were
originally identified for scour protection, however, at the time of reporting when construction
activities are in progress scour protection is being deposited at x29 of the x160 turbine
locations. As scour protection is expensive it is often retrospectively deposited at some
sites if problems are encountered. There is likely to be a degree of uncertainty between
how the OWF infrastructure interacts with the seabed – particularly during extreme storm
events which can be hard to predict from the baseline monitoring.
The monopile influence on near-bed currents and the resultant ‘horseshoe’ eddy on the
downstream side can give rise to cable exposure as fine sediment is mobilised.
a)

Horseshoe Scouring Example

b) Flow Stream Separation around
Monopile

Figure 59: Illustration of monopile scouring potential

Although any such exposure at the base of a monopile is likely to be within the 50m
exclusion zone it is uncertain how far cable exposure effects may progress and how close
fishing vessels may operate to the exclusion zone. Vessel track plots (Figure 60b) from the
Vattenfall Kentish Flats OWF highlight just how close fishing vessels operate to the turbines
in an area which still operates static and mobile fishing gear (Figure 60) (Ref: Vattenfall,
2011).
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a) Commercial fishing grounds

b) Fishing vessel plotter tracks

c) Potting Gear within OWF

d) Mobile Gear within OWF

Figure 60: Fishing activity within wind farms (Kentish Flats Example)
(Source: Vattenfall (Ref: 2011). (Photos originally from Brown and May Marine Ltd.))

Occasionally cable exposure within an OWF has directly had a reported impact upon fishing
activities. As an example, on the east coast of the UK the Centrica Lynn OWF has
experienced some reported problems associated with scour around the monopiles. This led
to a request to avoid mussel seed collection by the OWF operator in affected areas (Neal
Lake and Andy Roper, pers. comm.). The OWF operator is in an invidious position needing
to choose between aiming to prevent fishing activity and then being subject to potential
compensation claims, or allowing fishing and running the risk of cable snagging.
Ironically, it is possible that mussel seed biogenic reefs on the seabed may well help to
stabilise the seabed from erosion. In such a case seabed harvesting could be undertaken
in the non-sensitive ‘aquaculture zone’ leaving mussel stabilised sediment over sensitive
cable transmission routes in the restricted zones as defined by the proximity assessments
(Section C.2).
Risk Differentiation for Different Gear Types (Aquaculture and Fishing); Section A.1
reviews broad matrices of compatibility which generally indicate that fishing is less
compatible with OWFs than aquaculture. Both aquaculture and fishing can operate static
and mobile gear and as such broad definitions are of limited value. Theoretically, wild
settled mussel seed could be ‘fished’ with the same level of risk as deposited mussel seed
defined as seabed ‘aquaculture’.
Risk differentiation will be a function of gear type, vessel control and management. Critical
issues will include:
•
•
•

Degree to which the dredge may penetrate the seabed (e.g. increased penetration of
heavy toothed scallop dredge relative to a light bladed mussel dredge).
Vessel size and responsiveness in event of cable snagging.
Vessel position control and skipper knowledge of ‘high risk’ zones.
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In consequence risk profiles will be both site and vessel specific. For example, singlehanded potting vessels operating in the high current environment within the proposed R3
Atlantic Array could have limited control of drift whilst shooting pots (Paul Carter, RWE
Npower Renewables, pers. comm.), which could pose a risk of gear entanglement.
Generally it is assumed that towed gear may present an increased risk relative to that of
static gear. It is possible that the presence of fixed gear aquaculture in an OWF area may
act as a deterrent to towed gear and could ‘shield’ the OWF lowering the risk profile. As
fishing activity cannot legally be prevented from within the OWF perhaps a balanced multiuser approach such as illustrated in Section C.3 could be considered which could allocate
defined fishing ‘tow’ corridors to low risk zones running parallel with aquaculture zones. In
this way aquaculture may help limit OWF risk.
Fixed gear aquaculture will require seabed anchor points (see Section B.2) which must not
impact with OWF cables. Temporary anchors which dig into the seabed could be capable
of snagging exposed or shallow buried cables. In contrast, permanent screw anchors have
less chance of snagging cables but could (if poorly placed) dig deep into the seabed and
impact cables. In both cases appropriate zoning would be required to allow adequate
separation between aquaculture and OWF activities (Section C.2).
Dredge and cable design considerations and how modifications can be made to minimise
cable severing are provided in Section B.5.
Snagging Avoidance and Severing Prevention; A critical distinction should be made
between cable snagging and cable severing and whilst efforts should be made to avoid the
former a much high burden would be placed upon a potential aquaculture operator to
prevent the latter. In essence, all efforts should be made to ensure that any snagging does
not turn into a subsequent severing.
The North Hoyle trial Operational Plan (Section C.1.2) specified that if dredge gear were to
be tangled with cables then the gear would be buoyed and cut away. It is understood that
the fishing industry have an agreed protocol in the event of cable snagging whereby vessels
immediately cut speed and pay out line on gear following a snag before bringing the vessel
up to wind. Once the vessel has been made safe the skipper will notify the MCA confirming
GPS position of snag before cutting gear free for later removal (Colin Warwick, The Crown
Estate, pers. comm.).
During the RWE Npower Renewables workshop discussions (Section C.3) the issue of
snagging was considered and the question raised whether more comprehensive plans /
training were needed to provide an increased level of assurance that crew behaviour would
comply with a sufficiently stringent Operational Plan. It is suggested that increased data
sharing between OWF operator and aquaculture operator such as the provision of detailed
‘as-laid’ cable positions which could be appropriately ‘Geofenced’ would seem a sensible
pre-requisite. This again links in with a reoccurring theme throughout this report that riskbased management will only work if appropriate activities are conducted in specific areas.
To do this there needs to be a prior knowledge of site sensitivities and an appropriate level
of management control and monitoring.
Risk weighting based on the potential impact of cable severing is a central component in the
North Hoyle and Gwynt-Y-Mor scenarios and the setting of appropriate proximity zones are
considered in Section C. Vessel management and monitoring are two key aspects of any
risk-based proximity setting to ensure safe zone separation between OWF cables or either
aquaculture dredging or fixed gear operations. Enhanced VMS systems are considered
further in Section B.1.
In summary, cable impact by aquaculture is one of the key areas of concern faced by the
OWF Sector. It is recommended that the Aquaculture & OWF Co-location Stakeholder
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Forum consider scoping and seeking resources to target appropriate assessments on this
important topic.

A.2.4 Risk Factors – Collision
Licensing Considerations; Vessel traffic through the OWF area is one of the principle
features assessed during the planning and licensing stages in order to evaluate potential
impact of a new OWF upon navigational passage for other marine users (e.g. fishing or
aggregate extraction) and the probability of collision associated with the OWF. Through the
preliminary Strategic Environmental Assessment the OWF developer will seek to select
candidate OWF areas which will minimise other vessel traffic incursions. Baseline
monitoring of vessel movements using vessel monitoring data and Radar tracking within the
candidate OWF to estimate the scale and potential severity of vessel traffic collisions is an
important component of the licensing process. Therefore any increased frequency of
access into the OWF due to another co-location use would lead to an increased statistical
risk of collision - unless enhanced management is put in place. Management and zoning of
vessel movements is considered further in Sections B.1 and C.2 respectively.
OWF Operator Considerations; Although the OWF developer will seek to optimise the
shape and extent of the OWF to minimise interactions with other marine users some impact
on existing users is unavoidable. The OWF operator may negotiate private commercial
deals with potentially impacted businesses to compensate them to stay out of the OWF
area. In consequence, the OWF operator will have no desire to invite more marine traffic
into ‘their’ leased area and thereby increase their exposure to risk with a subsequent Duty of
Care.
A number of stakeholders in the current process raised the need for a socioeconomic study
to demonstrate the value of aquaculture co-location relative to the primary income
generated through power generation.
Aquaculture – Attractant or Deterrent for Third Party Vessel Access? There is a
potential that aquaculture co-location within an OWF will increase certain vessel traffic (see
Section A.4) whilst ‘shielding’ the OWF from other traffic. The potential for increased traffic
is likely to be a disincentive for co-location to OWF operators.
A pragmatic measure to monitor vessel traffic may be to equip such frequent return working
vessels into the OWF area with appropriate VMS tracking such as the high resolution
Succorfish SC2 system considered in Section B.1.
It is possible that OWF mounted
camera monitoring of access (with associated loud speaker warnings) as described for
Hong Kong aquaculture/OWF plans may help deter OWF ingress (Alex Tancock, pers.
comm.). In the UK it is unlikely that the legislative framework will be modified to prevent
vessel access.
Some control of vessel traffic may be improved through the use of navigation corridors as
considered in Section C.3.4.
Despite infrastructure collision concerns and its implications to the OWF Operators ERCoP
(Section C.1.3), the principal concern of OWF Operators relates to cable snagging as
considered previously.
In summary, aquaculture may be perceived by OWF operators as driving an unwelcome
increase in the incidence of vessel access into their OWF area whether or not this actually
poses an increased or decreased actual risk. It is suggested that management of vessel
access to designated zones within the OWF and monitoring of their activities would seem
part of a potential solution. Such an increased load upon the OWF operator is likely to be
an unwelcome burden and the question of who operates such a system and how it is
resourced will be paramount. It is recommended that the Co-location Stakeholder Forum
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considers mitigation through the use of technology and resourcing schemes to help
implement appropriate vessel systems.

A.3 Compatibility Between Shellfish Aquaculture and Nature
Conservation Interests
A.3.1 Ecosystem Impact and Ecosystem Services
A number of academic studies have shown how shellfish aquaculture conducted at a
sustainable level can be tailored to the local marine environment and provide beneficial
ecosystem services. In particular, filter feeding bivalves have been shown to provide
improvements in water quality through the removal of suspended solids, microbial
pathogens and form an important part in the geochemical cycling of nutrients from the water
column. Furthermore, some shellfish types and forms can act as a settlement substrate
allowing increased species diversity by supporting both hard bottom and soft bottom
species. The native oyster considered in Section 2.3 is a Biodiversity Action Plan species
and as such any efforts to increase their numbers, and potentially provide a broodstock for
wider recruitment, should be welcomed.
One potential concern of relevance to aquaculture and OWF is the possibility that offshore
structures may provide ‘stepping stones’ for non-native invasive species or pathogens which
may have their geographical range limited by biological considerations. Fortunately Welsh
OWFs are not geographically on the ‘front line’ for cross-channel incursions of this type.
Although aquaculture may increase species diversity and abundance this may not
necessarily be viewed as a positive feature by the conservation agencies. Of critical
importance will be whether the OWF area in question is a Special Area of Conservation
designated for a feature which could be significantly changed or modified. For example, if
an area were an SAC with mobile sandy sediments as a designated feature then mussel
culture and the potential for any organic enrichment and pseudo-faeces deposition would be
considered an adverse impact on a designated feature. Conversely, the same mussel farm
plan outside of an SAC may have no sensitive designation and have recognised socioeconomic benefits and thereby be viewed differently (Roger Covey, Natural England, pers.
comm.). In essence, the potential for beneficial eco-system services as a result of
aquaculture will need to be considered on a case-by-case basis.

A.3.2 Birdlife
Assessing the potential for ‘bird strike’ by turbine blades is an important component within
the OWF licensing process. The Environmental Statement of the OWF developer needs to
demonstrate a low level of impact normally through modelling following an initial baseline
study. The mitigation measures and impact levels for adaptive management have not to
date been considered effective (Ref: Walker and Judd, 2010) and are likely to have an
increased level of scrutiny for future schemes.
There are no reported assessments to consider the potential impact of aquaculture upon
bird strike potential within an OWF. It is possible that some forms of aquaculture may
support increased levels of bird life although this will not necessarily translate into increased
levels of bird strike. Anecdotal feedback from industry operators has indicated that unlike
fishing vessels that may sort their catch on deck and attract a following of seabirds there is
no such effect from mussel seed aquaculture vessels (James Wilson, Deepdock Ltd., pers.
comm.). At the time of this project it is understood that the OWF power sector is discussing
modelling of bird strike with Natural England and it is possible that the concept of decreased
fishing vessel use as a result of shielding by aquaculture operations may even be
considered positive (Roger Covey, Natural England, pers. comm.).
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At a generic level it may be wise to demonstrate ‘no significant impact’ by comparing
baseline and post-scheme bird observations from other offshore aquaculture trials/schemes.
However, for specific OWFs it is suggested that aquaculture influence on birdlife is likely to
be culture species and site dependant.

A.4 Compatibility Between Shellfish Aquaculture and Other
Marine Users
A.4.1 Commercial and Recreational Fishing
Licensing Considerations; Where there is a rich pre-existing fishery then it will be
important during an OWF licensing application for the developer to highlight the
compatibility between commercial fishing activities and OWF power generation. The
converse may also be true in an area with a low fishery status and a desire to exclude
fisheries is presented. For example, in the case of Hong Kong OWF developments,
considerable work was undertaken with Strategic Environmental Assessments prior to
establishing OWF plans for SE HK in areas with defined low levels of fisheries productivity.
If the OWF license is granted (Q4 2013) plans for a finfish (grouper) trial are in place within
the OWF, whilst fishing will be prohibited.
Within the UK OWF sector attitudes towards fisheries compatibility seem to vary between
OWF operators, probably due to regional fishing industry differences and site specific
sensitivities. This makes it impossible to have a generalised view as to whether the added
complexity of aquaculture co-location will make fisheries more or less compatible. It is
suggested that a site specific approach is required to consider what may be appropriate for
each OWF scenario.
Reef Effects; One feature of aquaculture is the enhanced ‘reef effect’ and potential for any
aquaculture zones to act as fish nursery areas or increase fishery carrying capacity. Whilst
this would be a benefit from a fisheries mitigation perspective it could also be viewed by the
OWF operator as a ‘magnet’ drawing in increased fishery interest in the area (see Section
A.2.3). This intensified interest could apply to both commercial and recreational fishing.
The potential for aquaculture to draw recreational fishing interest is well illustrated in Figure
61 which shows fishing tackle recovered from aquaculture gear offshore in the Gulf of
Mexico.

Figure 61: Fishing tackle collected off the offshore cage and mooring system
(Source: Bridger (Ref: 2004) Photo credit: Tim Reid)
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Whilst lost tackle on aquaculture gear poses its own potential hazard to aquaculture
operators, recreational fishing and static gear potting need not have a significant direct
impact upon OWF operations if subject to appropriate zoning.
Issues of increased vessel access to the OWF area are considered further in Section A.2.3.

A.4.2 Navigation for other Marine Users
Other than the limited 50m exclusion zones immediately around the monopiles the OWF
operator cannot prevent navigation through an OWF during the operational phase. If an
aquaculture concession were granted with fixed gear and surface markers there would be a
requirement for the area to be marked on Admiralty Charts and notified to other marine
users through the issue of standard ‘notice to mariners’. This increased level of gear within
the OWF could be beneficial to OWF operators as it may deter other vessels from entering
the OWF area. However, it should be noted that other marine users are unlikely to consider
this secondary obstacle as a ‘benefit’ unless it is put into the context of avoiding an
additional licensed offshore aquaculture area elsewhere. In short it would be advantageous
to both aquaculture and OWFs if there were a licensing presumption towards co-location
with integration seen as a way of maximising marine spatial use.
Where OWFs may dominate a large sea area (such as for some of the R2 and R3 sites) it
may be considered rather unfair to ask all marine users (especially smaller vessels) to make
a large diversion around the OWF. In these cases there may be value in demarking a
preferred route through the OWF, thereby avoiding potential entanglement with any
aquaculture cells. Consideration of such navigation corridors is provided further in Section
C.3.4.

A.5

Idealised Multi-User Zoning

Part C provides an illustration of potential zoning for multi-users within an OWF including:
•
•
•

fixed gear aquaculture, seabed aquaculture, Artificial Reef ranching
fixed gear fishing, mobile gear fishing
nature conservation/monitoring

It is suggested that a more holistic perspective may provide operational synergies which
cannot be implemented by a single sector in isolation. For example, scour protection could
provide significant risk reduction if cables are buried – despite this the scale of its
deployment is limited owing to its expense. The use of constructed Artificial Reefs (AR) for
scour protect has received limited attention and could provide a more cost effective option.
The development of AR has been researched extensively with benefits for fisheries and
general ecosystems widely accepted. Even the use of industrial by-products such as
Pulverised Fuel Ash (PFA) in the Poole reef and quarry rock dust in the Loch Linnie reef is
not problematic so long as the blocks are designed and constructed for the specified marine
benefit. In this way AR applications proposed for fisheries/ecosystem benefit can 'side-step'
the FEPA restrictions which a power company would face if it were to propose the same
measure as it would be perceived waste dumping.
It is suggested that AR block development and deployment could be of fisheries
(commercial and recreational) and ecosystem benefit whilst shielding array cables. This
could have the added benefit to aquaculture of providing increased comfort to the OWF
operator thus potentially minimising the extent of cable restriction zones. As highlighted by
the financial illustration in Section C.3.6 a 50m extension to a restriction zone could equate
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to a £6M financial impact over the whole Gwynt-Y-Mor scenario. It is therefore in all parties’
interest to maximise the co-location utilisation within a limited footprint.
Such a holistic multi-user zoning approach may benefit from the output of a socio-economic
report as has been proposed in the course of the current study. In addition, there may be
value in the stakeholder group developed in the current project seeking alternative R&D
funding for appropriate trials.
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SECTION 7 – OPERATIONAL ISSUES - PART B
B. OPERATIONAL ISSUES - SYSTEMS, INFRASTRUCTURE AND
EQUIPMENT
This section considers generic vessel, gear or operational issues likely to require
consideration in the event of aquaculture /OWF co-location activities. Some of the issues
raised have technical solutions which have recently been developed for offshore
aquaculture, or may have been ‘borrowed’ from other sectors (e.g. fishing). However, other
potential problems may be unique to the combination of the two sectors and require a
harmonised solution.
Consideration is given to the installation of shellfish cultivation infrastructure, husbandry and
harvesting of shellfish which have equipment and vessel specific requirements for each
individual farm (Figure 62). Many of the aspects covered in this section should be read in
conjunction with the ‘compatibility’ Part A and the ‘case study scenario’ Part C. It is not
possible to be definitive about any particular culture technique at a generic level as the
species type and culture technology will need to be tailored in order to be appropriate to the
individual aquaculture/OWF farm. Whilst the issues raised here will not be exhaustive they
are intended as a starting point to help outline future work-streams and needs.

Farm Specific
Equipment Specific

Anchor systems
iVMS

Longline
systems

Shellfish
Deposition &
Harvesting

Vessel
Specific

Vessel Safety
Spec.

Crew Training
Spec.

Dredge Gear

Figure 62: Relationship of equipment, vessel and farm specific requirements
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B.1

Asset Position and Activity Monitoring

B.1.1 The Value of a Monitoring System
A fundamental foundation to co-location will be the need for two sectors to share
geographical information to ensure compatibility through appropriate zoning. A system may
be required to fulfil a number of potential functions:
•
•
•
•

To allow the accurate demarcation of OWF sensitivities.
To provide aquaculture operator with an integrated platform to map OWF assets,
aquaculture assets and vessel position in real time.
To provide the OWF operator with a secure means to verify the security of their
assets by ensuring compliance to proximity agreements.
To provide management monitoring of marine activities in near-real time to both
parties.

The OWF operating company have a ‘Duty of Care’ for any marine operations within their
licensed area regardless of whether third party activities are under their direct control. To
this end the aquaculture operator in the North Hoyle trial (see Section B.1) had volunteered
the provision of the Vessel Monitoring System (VMS) positional data following completion of
site operations to verify that they had operated within the agreed terms. The acceptability of
aquaculture operations within OWFs is likely to be strongly linked to the ability to provide
accurate near-real time asset position and activity data. Newly developed technology in this
field means that this potential requirement should not be overly expensive or onerous and
could provide benefits to both parties.
For aquaculture vessels the access protocol (Section C.1.2) will need to present a clear
procedure for the aquaculture operator to follow whilst reporting to the competent authorities
(MCA & OWF Control room). Where OWFs present a large navigational obstacle to traffic
the issue of third party vessel movements could also be an issue. It is understood that the
OWF at the mouth of the Humber is subject to high vessel traffic for which the OWF
operator was required to resource appropriate additional Radar systems to help monitor
third party traffic (Captain Nick Dodson, pers. comm.). This raises the wider question as to
whether vessel monitoring within an OWF falls within the remit of the MCA or OWF Control
room.
A number of monitoring systems are available all of which have discrete purposes and
relative advantages and disadvantages. Radar and CCTV are conventional systems which
may have their place as part of a monitoring system. However, the movements of specific
vessels such as the designated aquaculture vessels can only be differentiated by remote
satellite positioning systems which are considered in the following sub-sections.

B.1.2 Automatic Information System (AIS)
Automatic identification systems (AISs) are placed primarily upon larger merchant vessels
or those navigating in international waters and are monitored in the UK by the MCA.
AIS are designed to automatically provide information about the ship to other vessels and to
coastal authorities. AIS is required under Regulation 19 of International Convention for the
Safety of Life at Sea (SOLAS) (Chapter V - Carriage requirements for ship-borne
navigational systems and equipment) which sets out navigational equipment to be carried
on board ships, according to ship type.
The regulation requires AIS to be fitted aboard all ships of 300 gross tonnage and upwards
engaged on international voyages, cargo ships of 500 gross tonnage and upwards not
engaged on international voyages and all passenger ships irrespective of size. The
requirement became effective for all ships by 2005.
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The regulation requires that AIS shall:
•

Provide information - including the ship's identity, type, position, course, speed,
navigational status and other safety-related information;
• Receive automatically such information from similarly fitted ships; monitor and track
ships;
•
Exchange data with shore-based facilities.
Although AIS data can be viewed by traffic at sea in real time, remote tracking of third party
vessels is not possible by vessel operators. Furthermore, AIS data is not available in nearreal time to third parties with only the MCA, and appropriate competent navigational
authorities such as Trinity House, having access to AIS data in this form. Unlike the MMOs
VMS this vessel positioning data is not secured for regulatory purposes.

B.1.3 Vessel Monitoring System (VMS)
Vessel Monitoring Systems (VMS) are placed upon fishing vessels and are monitored by
the MMO.
VMS have been introduced for fishing vessels since 2000 with tranches of regulation
coming in for successively smaller vessels. In addition to the standard VMS requirements
recent trials (2010 to 2012) have been conducted looking at enhanced VMS systems for the
small inshore fishing fleet. This has driven requirements for robust and cost effective
systems which can provide accurate high resolution operation to allow inshore fisheries
operators around designated Marine Protection Areas without transgression into sensitive
zones.

B.1.4 Enhanced VMS (Succorfish SC2)
Following successful initial trials supported by both DEFRA and Seafish, enhanced VMS
was further developed in a trial run by the MMO and the local IFCAs for inshore vessels
within the Lyme Bay Marine Protected Areas. ‘Succorfish’, the company which has
commercially developed this enhanced VMS system has branded the units as ‘SC2’
although trial names included ‘VMS Plus’ and ‘iVMS’ (inshore VMS). Details of the iVMS
trials may be found at the MMO (Ref: 2012). A brief comparison between the standard UK
VMS and the Succorfish SC2 systems is provided in Table 13 below.
Table 13: Comparison between standard and enhanced VMS
Feature
Data Operating System
Vessel Monitoring System (VMS) Succorfish (SC2)
Purpose
Regulatory function
Commercial service
Vessel Type

Mandatory for all EU licensed
fishing vessels >15m

Voluntary for any participating
vessel

Position Fix Frequency

2hr interval

Operator settable
(1min to 1day interval)

Data Management

MMO operates in UK and
available via SPIRE to regulatory
partners (e.g. IFCAs)

Data Timeframe

Near-real time for regulators
although data for approved third
parties is retrospective
Provision possible for approved
applications

Encrypted data held on secure
servers and web hosted by
commercial
third
party
company
Near-real time

Data Access

Differential web access to
administrator and skippers (as
designated)
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The Succorfish system has many features of interest as listed below (Tom Rossiter, pers.
comm.):
•
•
•
•
•
•
•

High level of positional accuracy (±2m) using GPS technology.
Good offshore range (~30miles) using optimised bandwidth mobile phone signals.
Linked to additional sensors (e.g. ‘gear in/gear out’ or conductivity activated
temperature measurements).
Responsive fix frequency (e.g. increased frequency when ‘Geofence’ crossed).
External communications (e.g. set-point generated e-mails or TXT messaging).
Robust tamperproof system watertight to IP67.
Cost effective with capital costs £1K/unit and signal costs of ~£120/yr. (at 10min
intervals).

Current Succorfish fishing vessel systems trialled for MPA zone protection could be of use
on mussel seed dredging vessels to differentiate between navigating to site (avoiding
monopole exclusion zones) and seabed deployment of dredge gear (avoiding a wider
restriction zone around monopole and cable assets). Straying beyond a ‘Geofenced’ zone
could then notify both vessel skipper and OWF Control room if required. An example plot of
a vessel passing through a Geofence area for the vessel ‘Nil Desperandum’ is shown in
Figure 63. Preliminary attempts have been made to set composite ‘Geofences’ for turbines
and cable routes based upon the Gwynt-Y-Mor case study scenario.

Figure 63: Illustration of SC2 Geofence System in operation within Lyme Bay SW England
(Source: Courtesy of Tom Rossiter, Succorfish)

Although VMS technology may have been developed for fisheries regulation many of the
features are of benefit for more diverse applications. Whilst ‘vessels’ are often considered
the principal assets which may require monitoring, Succorfish systems have also been
developed as an added H&S precaution for service personnel (‘man overboard’ with
immersion activated GPS).
There is also scope for the technology to be used upon
aquaculture fixed gear, possibly to monitor that headline buoys are holding position and
have not broken free of their mooring. Secondary sensors may also provide supplementary
information of value to aquaculture operators (e.g. conductivity/temperature used to show if
headline buoys are becoming weighed down with stock). From a pragmatic perspective
such equipment based monitoring may only be required on the margins of an aquaculture
zone i.e. upon ‘sentinel’ longlines at the periphery.
It is recommended that the Co-location Stakeholder Forum consider further how this
technology can be harnessed to provide monitoring and validation to asset position and
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status. It is possible that Succorfish technology could then be assessed as part of any
aquaculture trials such as mussel seed dredging and fixed gear operations within an OWF.

B.2

Fixed Gear Requirements - ‘Screw’ Anchors

Screw anchors offer a significant improvement over conventional load anchor weights
(which are susceptible to drag) and self burying anchors (e.g. Danforth) which require
additional searoom to dig in during deployment. Conventional options are not cheap and
present security risks particularly in a high energy environment which can be overcome by
permanent screw anchors. Both UK Offshore Shellfish Ltd. and US KZO aquaculture plans
indicate the use of screw anchors for offshore mussel longlines.
Another key advantage of screw anchors is the ability to deploy shorter mooring lines by
allowing 1.5:1 or 2:1 anchor line:depth ratios as opposed to the more standard 3:1 scope
with conventional sinkers. This presents two key benefits:
•
•

Increased productivity as more sea space can be utilised.
Reduced environmental impact as there is no chain/weight drag along the seabed.

Screw anchor installations in shallow water are widely used for pontoon and boat moorings
in the US and Australia. ‘Helical’ screw anchors can be deployed using surface operated
drives with extension rods, although the screw anchor linkage to the drive unit requires care
and a degree of dexterity which are hard to ensure in rough open sea environments. ‘Helix’
screw anchors can be deployed underwater using high torque submersible hydraulic drives
operated by divers which reduce operational risks at the sea surface, although divers and
equipment still need to be safely deployed and recovered by the service vessel. It is likely
that offshore conditions would present a significant operational challenge which could
present a potential H&S risk not to mention considerable expense with a full HSE dive team
on standby.
Some aquaculture service companies are currently developing deep water drive systems to
allow remote screw anchor deployment.
The Australian company MACS (Marine
Aquacultural and Commercial Services) describe a screw anchor deployment hydraulic
drive which can operate via an umbilical attachment in a depth of 50m (Figure 64a),
although this is not supported by operational data. A similar but more enhanced system is
provided by the Icelandic company Hafbor for deep water screw anchor deployment.
Development and testing of the Hafbor drilling rig of screw anchors for aquaculture mooring
mounts is reported by Gunnlaugsdóttir et al. (Ref: 2013).
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c) The Hafbor Screw Drive in Action

Figure 64: Seabed deployed screw anchor drive systems
(Sources: a) MACS website b) Hafbor website c) Hafbor - courtesy of Ingvar Erlingsson)

Deployment tests of the Hafbor system have demonstrated deployment in water depths of
up to 70m without the use of diver support, although with recent extensions to camera
umbilical and hydraulic lines this has been extended to 100m depth (Ingvar Erlingsson,
pers. comm.). The most delicate part of an installation operation is the initial deployment
and recovery from the host vessel which can be minimised with selection of a boat with
stern lifting capability. Figure 65 shows the triangle rig equipped with x3 corner fixing
screws designed to secure deployment of a central screw anchor of 20-30cm diameter to a
depth of 4m in mixed sediments. The hydraulically operated system is monitored by
camera via headset display to the rig operators. As the rig is designed to be light (900kg) it
is easily transportable allowing operation from a small aquaculture servicing vessel
equipped with a hoist.
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a) Screw anchor attachment point

b) Screw anchor length options

c) Screw anchor at deployment

d) Screw anchor after 6 months

Figure 65: Screw anchors – options and sub-sea weathering
(Source: Hafbor - courtesy of Ingvar Erlingsson)

The Hafbor anchor deployment has been shown to be good at resisting vertical forces of 1225T (dependant on substrate) allowing shortened mooring lines which help to maximise
aquaculture site production. Pull tests were conducted in 20m of water using a 750hp vessel
at full power (calculated to generate 18-20T torque) pulling a screw anchor buried to 3m on
a sandy bottom without any drag. A 6 month deployment test (February 2012 to August
2012) on loaded mussel longlines at an exposed site showed no anchor movement, whilst
comparable tests with weighted load anchors where reported to suffer dragging.
The system developed by an Icelandic company, with input from Faroe Islands and the
Offshore Shellfish Ltd. from UK, is being marketed by a newly formed Hafbor © company.
Another key selling point highlighted on the Hafbor brochure is that this system is cost
effective particularly when a number of screw anchors need to be deployed in an offshore
environment. Hafbor have achieved deployment rates as high as x4 anchors/hr. and
indicated that as many as x40 screw anchors could be deployed in a day in the right site
conditions (Ingvar Erlingsson, pers. comm.). When compared with man and vessel hours to
run back and forth to a distant port to obtain and deploy sinker weights it is clear that screw
anchors inserted with this system could be highly cost effective.
It should be noted that a clear precautionary deployment plan would need to be developed
to ensure adequate zone separation from submerged transmission cables which would be
within penetration range of the of the Hafbor screw anchors. This is especially the case in
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the vicinity around the turbines themselves where the ‘cable bight’ could allow a wide curve
of ‘slack’ cable beyond the original ‘as laid’ plans. However, on balance it is suggested this
system presents a good potential option for screw anchor deployment for fixed gear
aquaculture within OWF co-location as it minimises H&S risks in the deployment phase
whilst providing a secure anchorage during the operational phase.

B.3

Fixed Gear Requirements – Longline Configuration

B.3.1 Headline Separation and Dropper Configuration
Although German researchers have explored novel longline configurations using mounts
upon the OWF turbine foundations these are not considered in this Section as current OWF
attitudes suggest that this direct type of co-location are not considered compatible with their
operations (Part A). Mussel longlines have features with a similar configuration yet discrete
details of longline segmentation, separation and dropper types differ as outlined in Figure 66
and Table 14 as follows.
a) Offshore Shellfish Ltd. - UK

b) KZO 100 Acre Farm – US
Source: KZO website

c) Nordergründe OWF - Germany
(Source: Buck et al. Ref: 2010)

Figure 66: Example longline configuration options
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Table 14: Summary of offshore longline configuration dimensions
Site / Reference
Headline Intervals
Headline Separation
Dropper Length
Offshore Shellfish

250m

50m

10m

KZO

70m

50m

10m

670m continuous

10m

2m

Nordergründe

Separation distances between headlines and between blocks of longlines will need to take
account of the following factors:
•

Need to maximise productivity; As much production length of rope as the area
can sustainably support in order to maximise financial returns from concession
area – see Section C.3.6.

•

Biological site specific conditions; ‘Carrying capacity’ of area – for productivity
to be optimised there is a need to match biomass of stock to food availability which
will be function of area primary productivity and current dynamics. Consideration
should be given to some of the many modelling tools available to help determine
stocking density and farm carrying capacity.

•

Operational site specific conditions; Need to ensure droppers will not tangle up
particularly in response to eddies around structures. No-one knows how a mussel
longline will respond downstream of a monopole (John Holmyard, Offshore
Shellfish Ltd., pers. comm.). It is possible that longer continuous droppers may be
more susceptible to eddy effects from OWF infrastructure whereas a shallow depth
‘Christmas Tree’ arrangement proposed by Buck may be more stable.

•

Vessel specific conditions; Service vessel dimensions and manoeuvrability.
Offshore work in OWF areas distant from the shore may require the use of larger
vessels partially to minimise port to farm return trips but also to provide safe
working conditions for the area being worked.

There are many unknowns about offshore aquaculture - let alone offshore aquaculture
within an OWF. Mussel longline operations tend to have the service vessel running along
the headline processing each dropper successively. In relatively sheltered inshore waters
the direction of travel is not too important. However, for offshore aquaculture servicing
requirements may need to be modified to be appropriate for the sea state conditions. For
example, it may be necessary to orientate the run of the longlines towards the prevailing
wind direction to allow the vessel to head into the sea whilst servicing. It will be vital to learn
from other planned offshore aquaculture developments such as the proposed Offshore
Shellfish Ltd. farm in Lyme Bay (South West England) to see how they need to modify
operations and develop safe working practices. Only then will it be possible to superimpose
this offshore learning on an OWF setting where vessel operations will also need to take
account of OWF infrastructure and additional Geofence restrictions.

B.3.2 Flexibility of Longline Removal/Relocation
Section C.2 discusses the setting of restriction zones to limit the proximity of aquaculture
gear to OWF infrastructure. This is primarily to ensure day-to-day prevention of access
problems to OWF operators and to provide a sufficient buffer zone to prevent aquaculture
vessels/gear from impacting upon OWF infrastructure. However, occasionally due to failure
or OWF operational issues there is a need to perform large scale planned maintenance
upon OWF turbines or cables with a jack-up barge or DP vessel which may require greater
operational clearance than the ‘standard’ restriction zone.
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Generally, any such ad hoc vessel support will be planned to avoid high risk weather/sea
state conditions and possibly to minimise costs by back-to-back work on a number of OWF
assets whilst the vessel is mobilised to site. Although these circumstances may be rare for a
specific turbine they are common enough to require provision for a flexible approach to
aquaculture gear on the margins of a concession site.
RWE Npower Renewables
discussions indicated that such operations are likely to have greater than 2 months’ notice
and should therefore provide scope for responsive actions by the aquaculture operator if
standard Safe Operating Practices (SOPs) have been developed and prepared for
implementation.
One potential solution would be to develop an SOP for the temporary removal of a
peripheral longline. This may require additional equipment provision or design refinements
to allow for the un-tensioning, un-tethering and removal of a longline from its permanent
screw anchors (i.e. likely to require the use of specialist diving teams). Alternatively, it may
be easier to untether the longline at the surface buoy although this would then leave the
‘loose-end’ anchored to the seabed posing a temporary potential snag hazard and
operational challenges to recover. Either operational plan would need to be considered by
both parties to establish SOPs with a clearly defined set of contingencies in the event of
problems.
In addition to the operational plan needed for the removal and relocation of the longline
there would also be a need for a ‘fallow’ reserve area within the aquaculture zones to
provide temporary accommodation for the relocated longline.
It is likely to be better to allow such flexibility on the aquaculture zone margins than to
impose a ‘worst-case’ extended restriction zone to the whole OWF area with the associated
loss of production area (Section C.3.6).

B.4

Vessel Safety and Crew Training Requirements

A number of previous generic reviews considering the co-location of aquaculture and OWFs
have raised the prospect of support vessels performing dual sector operations (Ref: Mee
and Kavalam, 2006).
This rational has also been put forward by German researchers
looking to develop aquaculture/OWF co-location (see Section A.2.1). In principal if the
approach were harmonised (e.g. through the OWF operator also being the sole aquaculture
operator) there could be an economic advantage of increased utilisation for staff and
vessels. However, the practicality of this approach is problematic in terms of balancing
differing logistical requirements, liability/insurance issues, and perceived differences in
vessel safety and crew training standards.
With partnering, the OWF operator has a ‘Duty of Care’ for aquaculture work within ‘their
area’. As such the OWF operator will find it difficult to directly work together for fear it could
be seen to sanction vessel or crew training standards which are out of its control. Crosssector dialogue on this issue is difficult due to the limited engagement.
In 2011 The Crown Estate commissioned Det Norske Veritas (DNV) to produce a Vessel
Safety Guide for offshore renewable energy developers (Ref: DNV, 2012). This report
indicates that vessels under 500T should fall within the requirements of the MCA, whilst
larger vessels safety requirements should be governed by the International Maritime Safety
(IMS) Code. Such vessels should operate a Safety Management System (SMS) which
complies with the IMS Code.
Safety codes for fishing vessels are not that dissimilar – again with a differentiation towards
national codes for smaller vessels, whilst larger vessel requirements are governed by
international codes. Codes of practice for the construction, machinery, equipment, stability,
operation, manning, examination, certification and maintenance for small commercial
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vessels have long been in place. A number of slightly different Small Vessel Codes (SVCs)
were operated for different applications for which the ‘brown code’ (Ref: Marine Safety
Agency, 2001) sets out the requirements for fishing vessels <24m loadline length who
operate seaward of inshore category waters in England and Wales. Recently these slightly
differing SVCs have been harmonised under a common Small Commercial Vessel code.
Provisions within the codes are enabled by the Merchant Shipping (Small Workboats and
Pilot Boats) Regulation. Regulatory requirements for fishing vessels >24m length are
governed by the Fishing Vessels (EC Directive on Harmonised Safety Regime) Regulations
1999 and 2003 which incorporate requirements from the Torremolinos Protocol.
In the same way that the safety requirements for vessels are similar but slightly different
between the two sectors, there is a parallel situation with crew training.
The
recommendations for training of crew in the renewables sector (Ref: DNV, 2012) specify
crew should be trained to standards set out in the International Convention on Standards of
Training, Certification and Watchkeeping (STCW) Convention (Training and Certification of
Seafarers), as amended in 1995. Fishing Vessel Personnel are required to be trained to
(STCW-F) (1995) which complements the Torremolinos Protocol by setting the regulatory
framework for the training and certification of fishing vessel personnel. This is a “sister”
convention to the standard STCW and has similar provisions.
DNV (Ref: 2012) describes how the selection of an appropriate vessel for offshore
renewables work is undertaken. This is a process with differentiated roles between the
OWF developer (who has the duty), the contractor Project Manager (who has the
responsibility for the job and the selection of the vessel) and the Vessel Operator (who is
responsible for the compliance to standards for the vessel and the crew). In contrast, for an
aquaculture operation all of these different roles may be rolled together. It is uncertain what
specific areas of dissimilarity there may be between the two sectors other than that the titles
of the codes are slightly different which may be enough to dissuade the cross-over in vessel
use. In some cases fishing vessel safety codes such as the Scottish SFA code, may
actually be superior to other sector requirements, and has allowed their vessels to work for
the North Sea Oil and Gas Sector (Colin Warwick, The Crown Estate, pers. comm.). The
real problem between cross use of vessels may not be that they operate dissimilar
standards but that they are designed for different operations. Thus whilst fishing vessels
could in theory perform some OWF tasks (e.g. guard vessel) they are not designed to
undertake wider work (e.g. safety boat), furthermore whilst some big offshore fishing boats
could do OWF work, their day rate may well be too high to be cost effective. It is therefore
quite possible that the aquaculture sector vessels and crew (such as those used for mussel
seed ‘fishing’) are compatible with standards required by the OWF sector and applications
would need to be assessed on a task specific basis to consider if vessels are appropriate.
Some indications of the potential for co-operation by the aquaculture sector may be
provided by the experience of the fishing industry. The Fisheries Liaison with Offshore
Wind and Wet renewables group (FLOWW) is now chaired by The Crown Estate. FLOWW
has been looking at the issue of vessel standards within OWFs and would seem an
appropriate forum to assess the detail of harmonising cross-sector codes.
It is
recommended that the aquaculture sector seek to engage with the FLOWW group.
In addition to vessel safety other related issues include VMS (Section B.1) and the
Emergency Response Protocol (Section C.1.3).

B.5

Dredge Design

Section A.2.2 considers the risk of cable snagging posed by dredge gear and the need to
avoid cable severing. RWE Npower Renewables workshop discussions (Section C.3 and
Appendix 2) raised the topic of cable snagging by mussel seed dredge gear. A distinction
was made by the Project Team between the heavy toothed bed penetrating dredge used for
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some fisheries (e.g. scallops) from the surface scraping through ‘mussel mud’ undertaken
by mussel dredges.
RWE Npower Renewables representatives raised the prospect that perhaps there is a case
for cable manufacturers to technically assess the potential for cable armour protection in the
event of cable snagging by mussel gear. It is possible that the load strain for dredge ‘weaklinks’ could be set at a level to minimise cable severing if thresholds were known. ‘Weaklinks’ are designed to part in the event of excessive load and could in theory be set at a
level below the breaking strain of the array transmission cables.
It is recommended that a technical review of cable and dredge design could help minimise
cable severing risk in the event of snagging. This could be coupled with appropriate zoning
(Section C.2) and vessel positioning (Section B.1.1) to limit the risk of snagging.

B.6 Deposition and Harvesting of Shellfish
The method and timing of shellfish deposition and harvesting will be dependent on both
species and culture type. The selection of species and culture type will need to be
performed on a site specific basis. With a close working relationship with the OWF operator
considerable baseline data should be available which could possibly help in a feasibility
assessment of culture options. Broad mono-culture aquaculture options are reviewed in
Section 2. This section discusses culture options in the context of an OWF.

B.6.1 Cross-culture Type Integration
As reviewed in Section 2.4.3 seabed cultured and longline cultured mussels are different
shellfish products with different properties and markets. Coupled to this, mussel seed spat
collection may also be considered a ‘product’ in its own right. In consequence, a
combination of culture types with different gear, vessels and handling requirements could be
undertaken in the same OWF with the same species. In view of the different market
requirements and the benefit of avoiding mass monoculture there may be merit in
integrating cross-culture in different zones within the same wind farm (e.g. having areas for
seabed mussel culture and mussel longlines for spat settlement and grow-out).
The Section C.3 co-location illustration provides an example with seabed mussel culture
proposed on the shallower SE margin of the OWF site, whilst fixed gear longlines are
proposed on the deeper water NW margin of the same OWF. In addition, it would also be
possible to deploy mussel spat collectors around the OWF which could collect settled larvae
spawned in the area whilst also providing future seed for the mussel longlines. Operation
within the OWF may also allow close monitoring of the seabed for potential ephemeral
mussel seed beds which could (if appropriate) be collected and re-laid.
With a close working relationship between OWF operator and aquaculture operator there
may even by synergy in the utilisation of mussel seed biofouling which will inevitably need to
be periodically scraped off the monopiles.
Any such integration would benefit from modelling of the cumulative impacts to establish the
carrying capacity of the area.

B.6.2 Cross-Species Integration
Integrated Multi-Trophic Aquaculture (IMTA) is a term used to describe the cultivation
together of different species with a synergistic approach. For example, a number of
institutions have studied the potential for seaweed culture to polish-up nutrient excretion
from finfish culture. The high N content of the seaweed produced has been shown to
provide an enhanced protein content and a good feedstock for algivorous species such as
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abalone. Although the principal is elegant, commercial examples of this approach are
limited resulting from the disease control challenges of a multi-trophic system and the
difficulty in optimisation of all culture components in a dynamic seasonal environment.
Clearly any system which requires a high level of operator care and intervention may be
disadvantaged in an OWF environment where access is limited.
Although this culture system may present significant technical challenges in the short term it
may provide a strong potential for shellfish culture in the future. This may particularly be the
case at the point where personnel are stationed offshore and a higher level of operator
intervention is possible.

B.6.3 ‘Intermediate’ Culture Structures
Section 2.2.2 highlights the potential for clean water OWF sites to provide a potential ‘relay’
site to improve shellfish microbial quality in terms of either classification status or hygiene
quality (e.g. Norovirus content). This is likely to be particularly relevant for high risk species
such as oysters where product needs to be fit for consumption in an uncooked form.
If this culture option is to be cost effective there will need to be a differential price premium
for the higher quality product produced. Cost performance could also be improved if
‘intermediate ‘ culture systems were to be developed which would allow easy removal and
relaying of a large mass of product from other grow-out locations which are then relocated
to the OWF site for ‘polishing’. Such intermediate culture systems would need to be
purpose designed modular units to allow ease of processing and transport along with an
appropriately secure means of coupling to an offshore mounting like ‘peas in a pod’. This
approach could allow the service vessel to change modules of new un-polished product for
modules market ready with re-laid finished product – possibly allowing service personnel to
clean modules and stock whilst in transit. This approach would have the advantage of
minimising the time spent on-site within the OWF which, with a well-designed secure
system, could reduce risk exposure relative to servicing stock in-situ thereby extending the
range of sea-state conditions within which shellfish stock can be extracted from the OWF for
harvesting.
If such a concept were to be considered further it should be recognised that appropriate
mooring, vessel and shore-side facilities would need to be developed. In addition to the
processing of stock for market dispatch there is likely to be a need for a depuration and
holding centre to ensure continuous market supply in the event of poor weather conditions
preventing access to the OWF site. This may be of particular relevance for the oyster
market which has peak demand over winter months between Christmas and Valentine’s
Day when offshore access may be intermittent.
It is recommended that pilot trials could be developed in association with any potential
offshore aquaculture developments in order to test the technological requirements.
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SECTION 8 – OPERATIONAL ISSUES – PART C
C. OPERATIONAL ISSUES – CASE STUDY SCENARIOS AND
ASSESSMENT TOOLS
In parallel with the generic compatibility and infrastructure/systems issues considered in
Parts A and B respectively, this section aims to provide context to the co-location
operational issues using Welsh OWFs as an example. In addition, this section describes
some preliminary tools that have been developed during the course of the project to help
determine the scaling of restriction zones and the potential financial implications of colocation proximity. Although these tools have been developed for case studies they have
value for future generic assessments.
Principal sub-sections are provided on:
•
•
•

North Hoyle Trial – Operational Experience.
Proximity Assessment with North Hoyle and Gwynt-Y-Mor Illustrations.
Gwynt-Y-Mor – Development of a Planning Scenario.

Section C.1 appraises the operational protocols and risk assessments undertaken in the
real North Hoyle OWF co-location trial conducted in 2010 (see also Appendix 4).
Section C.2 aims to establish a rational to set a proportionate proximity criteria for colocation zone separation using Welsh OWF illustrations as provided as an opening for
discussions with the OWF operator RWE Npower Renewables.
Section C.3 expands on the further development of a planning scenario developed in a
workshop with RWE Npower Renewables to provide ‘real-world’ context to co-location
issues.

C.1

North Hoyle Trial – Operational Experience

In 2010 Deepdock Ltd. undertook a seabed culture co-location trial in the North Hoyle OWF
off the coast of North Wales. This trial has provided considerable experience from both a
policy implementation perspective (see also Section 4C and Appendix 4) and an operational
perspective.
The procedure agreed with RWE Npower Renewables, CCW and Welsh Government for
the deposition of mussels into the North Hoyle wind farm required the following
documentation and permissions:
•
•
•
•
•
•
•
•

Mussel Cultivation Trial Proposal
Method Statement
Code of Practice
Operational Plan
Marine Emergency Response Plan
Risk Assessment
Environmental assessment
Permission for an aquaculture trial from Welsh Assembly Government
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The North Hoyle output provides a good foundation for development of a future operational
protocol. It is beyond the scope of this report to reproduce the North Hoyle trial output in
toto although selected documentary output has been reproduced within the Appendices of
this report and is considered further in the following sub-sections.

C.1.1 Project Planning - Trial Proposal and Method Statement
The North Hoyle Trial Proposal and Method Statement output had a degree of replication
and as such has been amalgamated and reproduced in Appendix 4.
The Trial Proposal is a high level document which sets out the broad objectives, activities
and timeframes for the project. The Method Statement is a generic document which
outlines the Deepdock Ltd. vessel specification and an overview of ‘normal’ seabed culture
activities.
It is not always clear how the trial would relate to ‘normal’ mussel cultivation plans as in
some cases documents were not always fully compatible. For example, the Method
Statement document provides a generic discussion about the stages of seabed mussel
culture and states that the final 7 months of the process would be undertaken within the
OWF whilst highlighting that harvesting is normally conducted at short notice (12 to 48hrs)
from client request. In contrast, the Code of Practice (see Section C.1.2 below) states that
an Operational Plan would be submitted 3 days prior to the planned entry to the OWF.
Beyond the trial it is not clear how operationally an OWF site could be harvested to meet
such a responsive client requirement.
The Code of Practice sets the following environmental operating parameters:
•
•
•

Wind speed of < Force 6
Visibility of >500m
Not spring tides

With planned harvest vessel activity in October there is further uncertainty as to the
potential for vessel access in unfavourable environmental conditions. There is likely to be a
significant period of time in October when access to the OWF will not meet these
requirements (although a spring tidal range has not been specified). As such rapid secure
access to the OWF for harvesting cannot be assured. There would be value in exploring
whether a shorter notification time <3 days could be agreed in order to take advantage of
more accurate meteorological forecasts – otherwise in the event that this procedure were
extended to routine aquaculture operations, the OWF Control Room is likely to be swamped
with numerous plans, withdrawn plans (if the weather turns bad) and re-submitted plans (if
conditions improve). This could lead to confusion and could create an unwelcome burden
to both sectors.
It is possible that the aquaculture operator may intend to relay market ready stock from the
OWF to another holding area. Such a holding site may be closer inshore in more sheltered
waters to allow easier access at short notice. The use of relay areas would add a further
culture phase and need to consider shellfish Classification requirements (see Section 2.2.2)
and therefore would be planned operations which should be referenced within the
supporting documentation if the Trial Proposal and Method Statement are intending to put
the trial into the context of culture operations.
It is recommended that future project planning documentation provides a better linkage
between discrete Annex information making it clear what is general information to provide
an understanding of aquaculture operations and what is specific to the proposed trial whilst
avoiding too much duplication. Whilst it is accepted that the current documents were fit for
purpose for the original trial further development will be needed in concert with RWE
Npower Renewables if these documents are to be a template for the future.
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C.1.2 Communication and Management Protocol – CoP and Operational Plans
The North Hoyle Code of Practice and Operational Plan output is reproduced in Appendix 4.
In brief, the Code of Practice is a generic document which outlines the requirements for the
Operational Plan, the environmental operating conditions, and a communications protocol.
This protocol sets out the procedural requirements for the entry and exit of the OWF in
addition to the submission of a transfer list from the aquaculture operator to designated
recipients within OWF operations. The document cites specific lists of contacts and
numbers to call for notifications. This communications protocol is consistent with RWE
Npower Renewables Working Procedure for Access & Egress to Offshore Wind Installations
REN\WP\PROD.064.
The Code of Practice is much broader than a communications protocol and also makes
reference to a proximity zoning of 100m exclusion from the turbines. No specific mention is
made of the avoidance of array cables although a reference is made to the risk assessment
which is considered further in Section C.1.3. The Code of Practice also makes a monitoring
commitment to provision of VMS data and the setting of a ‘Geofence’ on the vessels
navigation system (see Section B.1). The main North Hoyle report does not provide any
reported feedback on the trial navigational performance to demonstrate that operational
performance complied with the requirements made in the Code of Practice. However,
navigational output in reference to the target areas specified in the Operational Plan is
discussed further in the proximity Section C.2.
The Operational Plan is a date specific document relating to planned activities highlighting
detailed vessel operating areas, duration of OWF incursion and tasks to be conducted whilst
within the OWF.
In subsequent meetings during the course of the current project no criticism was raised with
respect to this procedure by RWE Npower Renewables. It is therefore recommended that
this documentation is used as a template for any further trials (subject to the point made in
C.1.1 with respect to the 3 day submission time for Operational Plans).

C.1.3 Risk Assessment and Emergency Response Plan
The Risk Assessment (RA) and Emergency Response Procedures agreed by Deepdock
Ltd. and RWE Npower Renewables apply to all operations conducted by the Mare Gratia
(B932) within the wind farm site.
Risk Assessment; The Deepdock Ltd. Risk Assessment (RA) was based upon a Seafish
template and provides a table of ‘Risk’ features with appropriate ‘Control’ actions. A more
comprehensive assessment of potential risks and mitigations (e.g. navigation failure) is
likely to be required in order to help set precautionary thresholds in the holding of duplicate
systems or spare plant and mitigation plans.
Despite the RA flow diagram indicating the need for exposure assessment no
corresponding risk severity-probability was provided. For example, a fundamental strength
to the Deepdock Ltd. vessel operations is the back-up (dual engines) and maneuverability of
the Mare Gratia. Thus the severity of a single engine failure is therefore much lower than
that of dual engine failure, whilst the probability of both engines failing is much lower.
Hazard scenarios are likely to include some of the issues raised in Table 15 and should
provide an indication of severity and frequency. The frequency values provided are for
illustration purposes only and could perhaps be calculated from operational experience (i.e.
history of failures over working life).
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Table 15: Illustration of seabed mussel culture Hazard Profile

Hazard
(system failure)

Implication

Mitigation

Frequency

Main engine

Need to recover Use standby engine Experience assessment
gear and withdraw
(Note 1)
from OWF
e.g. 1:500
SEVERITY: LOW

Standby engine

Need to deploy
emergency anchors
SEVERITY:
MODERATE

Bow thruster

Loss
of Withdraw
from Experience assessment
manoeuvrability.
OWF site and effect (Note 1)
Standard
rudder repair.
e.g. 1:500
steering unaffected
SEVERITY: LOW

Dredge winch

Cannot
recover Set-up block and Experience assessment
dredge
haul using second (Note 1)
SEVERITY: LOW
winch (other side of e.g. 1:500
vessel)

All dredge winches

Cannot
recover Buoy off dredge Experience assessment
dredge
line. Effect repair (Note 1)
SEVERITY: LOW- and recover dredge e.g. <1:1000
MODERATE

Deploy
anchors, Experience assessment
notify Control Room (Note 1)
and
effect e.g. <1:1000
emergency repair
(Note 2)

Note 1: Experience assessment can be undertaken by review of vessel operating history to calculate incidence
of failure. e.g. 1:500 may be x1 failure during x500 vessel operating days
Note 2: Systems failures consideration should be given to the level of equipment spares held both on-board and
on-shore along with contingency plans to effect repairs.

Another issue which is unique to co-location activities, and may differ from a standard
Seafish RA, is the significance of where the hazard may occur and as such the RA is
strongly linked to proximity considerations (Section C.2). For example, with fixed gear
cultivation some activities will be associated with the end of a longline (e.g. deployment of
screw anchors and vessel turning during longline servicing). In consequence, these
activities will be by definition closer in proximity to OWF assets.
Similarly in the case of seabed culture the significance of where a dredge snag occurs may
influence the practice of how attempts are made to free gear. The current risk assessment
mentions how in the event of a dredge snag the vessels forward motion would be reversed
before attempts are made to retrieve gear. If this is unsuccessful the warp is to be cut and
buoyed. No mention is made as to how hard gear retrieval may be attempted, or whether
‘weak links’ at pre-set tension levels are used (Section B.5). Furthermore, there is no
mention of how and when (and by whom) subsequent recovery would be undertaken if the
dredge is cut free (note raised in Section A.2). Section A.2 discussed risk conditions which
may impact on compatibility, including cable liability issues, whilst Section B.5 considers
dredge design issues which may help with risk mitigation.
It is possible that cable scour may have an increased potential in some areas in which case
a third party boat (e.g. fishing vessel) may drag an exposed array cable beyond its original
as-laid cable route.
In this case legitimate aquaculture dredge operations could
subsequently snag the array cable outside of its expected route. A site specific awareness
of the OWF may highlight an increased scour potential in certain areas where a more
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precautionary approach may be required (i.e. extended restriction zone) or an enhanced
level of monitoring provided (e.g. gear mounted CCTV).
The consideration of RA from a proximity perspective is very well considered and illustrated
in the Subsea Cables UK guidelines report (Ref: Subsea Cables UK, 2012) which provides
excellent reference for co-location issues with respect to potential operational conflicts
between the submarine cables and OWF sectors. An illustration of how these components
are linked within the RA process is provided in Figure 67.

Figure 67: External and internal influences upon Risk Assessment in the setting of proximity
limits
(Source: Subsea Cables UK, Ref: 2012)

Subsea Cables UK, 2012 Annex C provides very good RA guidelines with the central
concept of agreeing “ALARP” (As Low As Reasonably Practicable) risk levels which is
acceptable to both stakeholders. In essence, site specific ALARP risk levels accept that no
activity is entirely risk free and whilst account should be given to potential worst case
scenarios, these should not be used as the basis for discussions between sectors if they
cannot also be considered likely. Instead companies and regulators will require that safety
risks are reduced to ALARP levels when the time, trouble and cost of further mitigation
measures, become uneconomic or unacceptable with respect to the additional risk reduction
obtained.
The technique associated with setting ALARP encompasses the use of a Risk Severity
Analysis to try to quantify the issues. Ideally a Probability - Impact table is constructed with
colour coded “traffic lights” to differentiate Green (Tolerable), Yellow (ALARP) or Red
(Intolerable) areas. It is suggested that whilst some estimations and calculations could be
used to help assess the probability of potential hazards (see Table 15) further work may be
required to help assess the ‘impact’. For example, Section A.2.2 highlights the potential
significance of cable snagging or cable severing and how some technical assessment may
be required to determine the potential for the proposed aquaculture gear (e.g. mussel
dredge) to impact the OWF infrastructure (e.g. array cables) (Section B.5).
It is recommended that the Subsea Cables 2012 guideline is used as a template for
assessing RA and proximity issues where incursion of aquaculture is considered within an
OWF. A stakeholder forum with members from both industry sectors could help identify
potential conflict areas and determine those interactions which may require further technical
assessment to determine potential impact.
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The Marine Emergency Response Plan operating within an OWF presents unique
challenges relative to normal operations at sea. For example Search And Rescue (SAR)
provision can be problematic with potentially restricted access for helicopter extraction (Ref:
Department of Transport, 2013). The Emergency Response Plan therefore needs to
encompass an enhanced level provision to ensure safety to both the vessel and to recover
injured crew. In addition, the plan will need to encompass any additional measures to
potential high risk operations such as provision to access to a recompression chamber if
divers are to be employed.
The Emergency Response Plan produced for the North Hoyle trial provides a generic
description of vessel skipper roles, crew training requirements and emergency contact
numbers. The vessel safety and crew training commitments are consistent with the
appropriate requirements for the size of vessel used (<500T) as indicated in Section B.4.
It is possible that this document could be enhanced by the development of scenarios
detailing hazard situations and appropriate vessel/crew responses. These emergency
responses are likely to be dependent not only on what task is being undertaken but also
where the task is being undertaken (i.e. proximity to hazards and the importance of zoning).
In particular, one area of potential concern may be the interaction between the two sectors
where an emergency for one creates an impact on the other. For example, Section B.3.2
highlights the potential need for the aquaculture sector to have a flexible response with the
removal of peripheral longlines in the event that the OWF operator needs access (by
service vessel or Jack-up barge) alongside turbines or cable routes. Whilst it is recognised
that the planned relocation of stock in favorable conditions should be possible, there may be
occasions where emergency access is required. Under these circumstances a clear plan of
response will need to have been developed and be in place for rapid execution for safe
extraction or cutting free of obstructing stock. What must be avoided at all costs is an
escalation where an emergency for one sector leads to a second emergency in the colocated operation (e.g. (a) problem with turbine requiring short notice access, (b) a problem
in aquaculture operator successfully extracting peripheral longlines leading to loss of gear,
(c) a problem with OWF infrastructure or vessels resulting from entanglement in drifting
aquaculture gear).
It should be noted that the Emergency Response Plan will have implications for both the
aquaculture operator and the OWF operator. Initial indications are that aquaculture
operations within an OWF are likely to need to be incorporated into the OWF operators
Offshore Renewable Energy Installations, Emergency Response Co-operation Plans
(ERCoP) (Captain Nick Dodson, pers. comm.). It should be noted that existing provision of
the OWF operator will present a Duty of Care for aquaculture operations within their area.
The standard ERCoP states:
Role and Responsibilities of the Company (the OWF operator) in an Emergency:
The company is also obliged, under international maritime agreements and practices
e.g. SOLAS convention, to provide assistance, where it is possible to do so, to other
vessels or persons in danger at sea nearby or within the OREI field or area and/or
when requested to assist by the relevant MRCC.
The company may also need to provide its own vessel(s) and other assets to respond
or react to other maritime emergencies e.g. pollution or a drifting vessel which
presents an actual or possible threat to the safety of life or property in the OREI field.
In consequence, the OWF operator could be faced with diverting their assets to help solve
problems with aquaculture operations or third party vessels if problems occur within the
OWF area.
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It is recommended that the Co-location Stakeholder Forum should consider the setting up of
a task force with representatives of the aquaculture and OWF sectors to develop these
emergency scenarios with potential emergency response plans. This will only be possible if
both sectors have a clear understanding of their respective operations and both normal and
failure conditions. This need is strongly linked to the issues considered for the RA and the
determination of appropriate proximity zones (see Section C.2).

C.2 Proximity Assessment with North Hoyle and Gwynt-Y-Mor
Illustrations
A central concept to the potential success of aquaculture and OWF co-location will be the
setting of appropriate proximity zones which will allow separation of potentially conflicting
activities within co-existing areas.
This section considers the process by which proximity assessments could be undertaken
and how they could apply to OWF scenarios.

C.2.1 North Hoyle Trial Proximity Considerations
Figure 68 provides a map extract of the planned trial aquaculture plots with superimposed
vessel track plots which were achieved within the North Hoyle OWF trial. Although
Deepdock Ltd. had committed to not bringing their vessel to within 100m of turbines (twice
the safety distance) trial operations were planned for plot areas within which an even
smaller target box was allocated. The vessel tracks highlight the manoeuvrability of the
dredge vessel Mare Gratia allowing it to effectively stay within the target zone.

Figure 68: Map of North Hoyle seabed aquaculture trial plots
(Source: Deepdock Ltd., 2010)
Notes:
Y = turbines (separation 650m N-S axis, 850m E-W axis)
A, B, C trial boxes (green),
Target deposit boxes (blue)
Vessel track (Red line)
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Whilst this approach provides a high degree of comfort for a trial where space optimisation
is not an issue the selection of the proximity zones is largely arbitrary. The level of zone
separation has no basis linked to site, sea state conditions or vessel specific characteristics.
As such whilst this approach was fine for the North Hoyle trial it will not necessarily be
transferable to other settings.
The following sub-sections consider a rational for the setting of proximity zones which are
variable according to the tasks being undertaken and the sensitivity of the co-location asset.

C.2.2 Previous Proximity Considerations
Considerable experience has been obtained in the field of submarine cable crossings where
two companies each of whom desire unfettered access to their own asset for repair and
maintenance share a common need to have full access to the seabed in the same location
whilst minimising their exposure to risk. Subsea Cables UK (Ref: 2012) have provided an
excellent guideline on the proximity of offshore renewable energy installations and
submarine cable infrastructure for UK waters. This reference has been used for many years
and frequently updated and provides a range of procedural guidelines as well as practical
illustrations of how proximity zones can be assessed on a case specific basis. In addition,
RedPenguin Ltd. also undertook a proximity study on behalf of The Crown Estate into the
interaction between submarine cables and OWFs (Ref: RedPenguin, 2012).
A generic set of limiting distances cannot be derived for all cable / wind farm proximity
scenarios without recourse to a large number of caveats and exceptions. Subsea Cables
UK recommend an approach using the principles of a holistic risk-based process for
determining site specific proximity limits (See Section C.1.3). This allows consideration of a
range of external influences, both those beyond the control of the parties and those internal
influences that can be affected by the parties.
A central concept to the setting of proximity zones is the definition of ‘working zones’ for
specific operations and ‘hazard areas’ defined as mobile zones around the working vessel
to protect pre-existing infrastructure. This is illustrated in Figure 69.

Figure 69: Illustration of Working Zones and Hazard Areas from cable/OWF co-location
(Source: Subsea Cables UK Ref: 2012)
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The determination of the working zone is dependent on a number of factors including the
vessel length, freeboard, site depth and most importantly the tasks undertaken.
Both Subsea Cables UK and the RedPenguin report (Ref: The Crown Estate, 2012)
consider that safe operating practices, competency assurance and behavioural based
safety are equally as important as the technical reliability and performance of vessels and
equipment when defining proximity limits.
The Subsea Cables UK guidelines have a number of components which could be
transferred and adapted for an aquaculture/OWF perspective:
•

Annex A describes the potential proximity implications for a whole range of potential
activities which might be required for cable repair including fault detection (using
trailed electrodes), grapnel recovery and redeployment of final cable bight. In a
similar fashion it is suggested that the range of potential aquaculture operations (e.g.
screw anchor insertion, gear installation, stock deployment, servicing and
harvesting) should be considered from a proximity basis to define ‘working zones’
and ‘hazard areas’ in relation to OWF assets.

•

Annex B describes a process for stakeholder consultation on the setting of proximity
levels as part of an overall plan. When site-specific proximity limits have been
agreed, a bilateral proximity agreement with accompanying method statement can
then be drafted based on a standard template and these guidelines. Figure 70
illustrates the process and the components needed to help derive a proximity
agreement. Aspects of a proximity agreement will include:
1. Clauses to define the liabilities and rights of both parties;
2. The exclusion/inclusion of consequential losses;
3. Details of financial compensation arrangements for each party where
applicable relating to specific arrangements;
4. Clearly defined limits of the area to which the Proximity Agreement applies;
5. Details of how the work would be carried out, to include method statements;
6. Future maintenance requirements of both assets;
7. Definition of the expiry/survival of the Agreement (for example, at the
decommissioning and/or recovery of one or other of the assets); and
8. Provision of representatives from one party to the other party's operations
and their rights, obligations and limitation of authority.

•

Annex C provides a basis for undertaking Risk Assessments which is reviewed in
Section C.1.3.

Figure 70: Illustration of inputs required for proximity agreement
(Source: Subsea Cables UK, Ref: 2012)
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It is recommended that the Aquaculture & OWF Co-location Stakeholder Forum considers
the setting up of a task force to explore proximity zone implications for aquaculture and
OWF operations. This could be in conjunction with the RA activities considered in Section
C.1.3. A critical data gap is the absence of offshore aquaculture data with which to inform
these assessments. There is a need to support such offshore trials to gain this experience.

C.2.3 Development of Dynamic ‘Traffic Light’ Approach to Setting Proximity
Zones
Using the rational that the setting of proximity zones should be tailored to the site,
conditions and vessel operating, a multi-component tool using a paste-linked EXCEL
spreadsheet was developed. A summary worksheet adds proximity distances for individual
components (Zones 1 to 6) calculated on discrete worksheets. In this way vessel, site and
condition specific criteria can be compounded.
Two meetings were held during the course of the project with RWE Npower Renewables to
explore co-location issues. Appendix 1 presents the output which was developed as a
starting point for the first meeting.
RWE Npower Renewables raised the point that the preliminary tool made no provision for
activity based RA. As such the setting of proximity zones should not only consider where
the vessel is but also encompass what is being done (e.g. navigation through the OWF is
much lower risk than the deployment of a dredge). The tool can be enhanced to take into
consideration aspects already highlighted in the RA Section C.1.3 in that it can be used to
differentiate between a proximity zone for a vessel with dual engine operation and an
alternative zone in the event that the same vessel were to operate with only one engine.
For example, Appendix 1 also presents x4 scenarios which are outlined below:
•

Scenario 1 – Best case (Small manoeuvrable boat in good conditions at a low risk
site)

•

Scenario 2 – Middle Case Working example 1 (Deepdock Dredger with bow
thrusters in mod. conditions at North Hoyle)

•

Scenario 3 – Middle Case Working example 2 (Deepdock Dredger with bow
thrusters in mod. conditions at Gwynt-Y-Mor)

•

Scenario 4 – Worst case (Large ship without bow thrusters in poor conditions at high
risk site)

The intent of the tool is to develop a clear visual representation of the impact of each
restriction zone component. A ‘traffic light’ approach (see Figure 71) is suggested with:
•

Red

= the 50m mandatory safety exclusion zone

•

Orange

= the agreed restriction zone (made up of various shades of orange
from Zones 1-6)

•

Green

= potential aquaculture operational area.

Future refinements of the tool could include a front end Macro which could differentiate task
or vessel risk status. In this way simple changes (such as changing vessel A for vessel B)
can be clearly assessed. Furthermore, the proximity output could also be paste-linked to a
second economic assessment tool (see Section C.3.6).
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Figure 71: Restriction Zone Traffic Light Zoning illustration for Gwynt-Y-Mor

Appendix 1 provides a summary table of the restriction zone outputs under both baseline
‘Preliminary’ and ‘Revised’ scaling taking into account the RA considerations. As can be
seen Scenarios 2 to 3 provide a revised scaling with a reduced restriction zone in the event
that the operating vessel has increased engine redundancy. In the case of Gwynt-Y-Mor it
should be noted that the ‘preliminary’ restriction zone of >300m required in the event that a
single engine vessel were to operate would effectively negate the potential for co-location
with no income generation possible at proximity distance of greater than ~275m (see
Section C.3.6).
It should be noted that the output presented in Appendix 1 is intended as a tool ideally used
in the setting of proximity zones are described in the previous Section C.2.2. The values
and outputs are a best estimation and intended as a starting point for discussions. In
consequence, the output distances are for illustration and will hopefully generate debate in
order to further refine the tool.
It is recommended that the Aquaculture & OWF Co-location Stakeholder Forum requirement
for developing a Risk Assessment process (see Section C.1.3) could use the provided tool
as a starting point to progress in developing a Proximity Agreement (see Section C.2.2).
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C.3

Gwynt-Y-Mor – Development of a Planning Scenario

C.3.1 Illustration of Multi-Use Co-location Plan and Demarcation of Plots
The Gwynt-Y-Mor OWF is a good case study to develop a planning scenario (for illustrative
purposes only) using a range of aquaculture options as it has an area on its SE margin
which is likely to be shallow enough to allow sea bed mussel culture, it has a large number
of scour protection areas which could be modelled as AR enhancement areas whilst the
fixed gear aquaculture could be deployed in deeper water areas.
Certain areas were precluded from aquaculture plots due to either the risk profile criteria
(see section C.3.2) or to allow the access separation zones. It is suggested that some of
these zones (i.e. with long length and no cable crossings) might even be suitable for fishing
with mobile gear. Although this may be seen as an unnecessary concession it is suggested
that it is better to have all marine users engaged in agreed zones rather than disengaged
and working in the area in a haphazard fashion (See Section A.5).
Appendix 2 provides output used to develop a planning scenario at the RWE Npower
Renewables workshop.
An illustration of a potential multi-use co-location plan
encompassing aquaculture (fixed gear, seabed and AR ranching), fishing (fixed, mobile)
and conservation monitoring zones is provided in Figure 72. This is updated from Version 1
presented in Appendix 2 with the navigation corridor as considered in Section C.3.4.

For illustrative purposes only

Figure 72: Illustration of potential multi-use co-location scenario (Version 2)

Fixed gear aquaculture cells were based upon a similar design to that proposed by Buck et
al. (Ref: 2010). This paper illustrates a potential series of x4 fixed gear aquaculture plots
(with potential for x6) in the x18 turbine Nordergründe OWF ~12nm off the German coast
(17nm from Bremerhaven).

_____________________________________________________________________________________________________
Section 8 – Operational Issues- Part C
Page 179 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

Buck et al. (Ref: 2010) demark plots (see Figure 73) consistent with the traffic zones
described by the German researchers previous work. Aquaculture plots are:
•

Bounded by turbine 'lines of sight'

•

Have a surrounding 150m proximity zone providing separation from the OWF
infrastructure

•

Have access corridors – or can be accessed from an ‘outside’ edge

Figure 73: Planned Nordergründe Wind Farm with fixed gear aquaculture plots
(Source: Buck et al., Ref: 2010)
(A) Plan view of 18 offshore wind turbines (numbers without brackets) and six single mussel plots
designated by the wind farm company. Four of these six designated plots (numbers in brackets) were
used for calculations
(B) Potential design for a single mussel plot within a group of four wind turbines

During the RWE Npower Renewables workshops it was apparent that any aquaculture plot
configuration would need to take into account the detail of how cable array connections are
made to individual turbines. Figure 74 shows the differences between idealised and actual
cable connections between x4 adjacent turbines. This illustration shows that in practice
during the OWF installation a series of ‘cable bights’ are laid out with slack cable deployed
in an arc. This allows some slack to be pulled up into the turbine for connection but also
provides an unimpeded 270° sector for free access to the monopole with no cable
obstacles. Any aquaculture plot design must take account of this detail not only in terms of
setting wider proximity zones over the cable bight but also allowing provision for vessel
access to the ‘cable free’ sector.
In consequence, the Buck et al. (Ref: 2010) plot configuration has been slightly altered to
also provide plot separation with inter-spaced fallow 'rows' and 'columns' between the plots
to allow service vessel access which could be aligned to the free access sector. This
demarcation of aquaculture zones (as presented in Appendix 2) was used in the Gwynt-YMor scenario, although here the turbine separation was diagonal rather than vertical
columns and as such resultant zones form trapeziums rather than squares.
It is recommended that the Co-location Stakeholder Forum Task Group further progresses
with the Gwynt-Y-Mor scenario as a template to model the practical details of aquaculture
plot definition.
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Figure 74: OWF cable bights and turbine connections

C.3.2 Aquaculture Risk Profiles
Broad risk profiles for AR ranching, seabed culture and fixed gear aquaculture are
presented in Appendix 2. As indicated, fixed gear aquaculture was considered to present
the greatest risk profile to OWF infrastructure and operations and as such this aspect was
considered in further detail. An attempt was made to differentiate fixed gear aquaculture
cells on the basis of how many turbines they could potential impact upon in the event of
array cable severing. This is presented in Table 16 for the x22 highlighted cells (i.e. green
trapezium shapes show in Figure 72).
Table 16: Illustration of fixed gear Aquaculture Cell Risk Profiles
(see maps in Appendix 2 to see Sector and cell positions)

As can be seen x3 of the x22 cells present a ‘high’ risk with potential to impact upon >x10
turbines in the event of cable severing. In contrast, x15 of x22 cells present a ‘low’ risk with
potential to sever connection to <x5 turbines. Although the definition of ‘low’ and ‘high’ risk
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is somewhat arbitrary at this stage it is clear that this approach could be used to differentiate
zones according to risk profiles.
It is recommended that the Co-location Stakeholder Forum sets up a Task Force with
aquaculture and OWF members (see Section 9.2.4) to further develop the risk profiles. This
would be integral with the recommendations for RA (Section C.1.3) and the setting of
Proximity Zones (Section C.2).

C.3.3 Phased Development Based on OWF Infrastructure Risk Profile
The risk profiling considered in Section C.3.2 could be used for planning purposes perhaps
by the Phased preferential development of ‘low’ risk zones. For example:
•

Phase 1

Margin of OWF within marker buoys (Note 1) but outside array

•

Phase 2

Outer array cells (based on proximal turbines)

•

Phase 3

Increased array penetration

Note 1: It is unclear at this stage whether floating AtoNs buoys will be retained around the OWF margin beyond
the construction phase. In the event that the outer parameter is not retained then discussions would be needed
with relevant authorities (e.g. MCA, Trinity House) about the navigational implications of an aquaculture farm on
the margin of an OWF.

Each phase of development would enable experience to be gathered to further inform future
risk assessments and streamline operational co-operation.
It is recommended that the Co-location Stakeholder Forum engages both regulators and
responsible agencies to ensure that a phased development plan is agreed to allow
operational experience to be attained in a systemic fashion whilst minimising risk to the
OWF operator and other marine users.

C.3.4 Navigation Corridors & Site Markings
The Need and Definition of Navigation Corridors; Whilst it has been a rule of thumb that
vessel traffic is to be discouraged from passage through an OWF this cannot in the UK be
legally prevented (subject to the provision of the 50m exclusion safety zones) – see Section
3.
The increased navigational hazard presented by fixed gear will require a higher order of
provision to be made to ensure consistent safe access to aquaculture vessels than that
needed for seabed culture. In terms of crossing a large OWF, such as the Gwynt-Y-Mor
scenario, there may be benefit in developing an E-W corridor and a N-S corridor. It is
suggested that access for aquaculture cells away from the margin of the OWF could be
assisted through the delineation of clear navigation corridors to minimise uncontrolled traffic
through the array.
If aquaculture plots cannot be accessed from an ‘outside’ margin (see Figure 73 from Ref:
Buck et al., 2010), Buck et al. (Ref: 2004) considered the use of ‘traffic zones’ for service
vessel access to aquaculture plots. This concept has been developed in the Gwynt-Y-Mor
scenario to utilise preferential ‘navigation corridors’ through the OWF.
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Figure 75: Potential multifunctional maritime traffic zones in offshore wind farms
(Source: Buck et al., Ref: 2004)
Arrows mark access and servicing routes to each wind turbine. Gridded boxes in the inner section of the wind
farm represent parallel attached longline systems, which are separated from the major waterways. (A) shows a
side view and (B) a bird's eye view.

The Gwynt-Y-Mor OWF has a de facto N-S navigation corridor formed by the bisection of
the array by a gas pipeline which required a 500m separation zone (Captain Nick Dodson,
pers. comm.). An E-W navigation corridor would need appropriate marking and to ensure
no aquaculture activities occurred along the defined route. In view of the potential need for
navigation corridors the preliminary zoning presented in Appendix 2 was amended by
changing the shape of the aquaculture cells in Sector 4 to have an E-W boundary on the
northern and southern margins (see Figure 76). This effectively removed Cells 19, 20 and
21 from a central E-W corridor between rows 'H' and 'G.'

Figure 76: Adjustment of fixed aquaculture zones to accommodate navigation corridor
(Source: Appendix 2 RWE Npower Renewables Workshop Base-maps)
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An extract of the Kingfisher chart is provided in Figure 77 which shows that such an E-W
corridor would be well marked by existing measures:
•

Western margin: Western cardinal buoy adjacent to turbine H1N (equipped with
navigation light and fog horn)

•

Eastern margin: Eastern cardinal buoy adjacent to the most easterly turbine H21F (also
equipped with navigation light and fog horn).

Figure 77: Illustration of potential navigation corridors through OWF scenario
Note: It should be noted that this consideration is purely for illustration purposes and in no
way implies a protocol agreed by the OWF Operator.

It is recommended that the use of navigation corridors is considered further by the
Aquaculture & OWF Co-location Stakeholder Forum within the context of the access
protocol and vessel management within the OWF. Further development of the North Wales
OWF scenarios may benefit from input from navigational experts such as Trinity House.
Additional Navigational Aids for Aquaculture Plots; It is proposed that existing
navigational marks and lights are used to demark any navigation corridors and direct traffic
(both aquaculture vessels and other marine users) away from the wider OWF. If this
objective is successful then the threat of fixed gear aquaculture obstacles to navigation can
be minimised. Whilst demarking aquaculture obstacles can be important to ensure safe
vessel passage, it is equally important to ensure that potential navigational hazards are not
'over-marked' (Steven Driver, pers. comm.). This could present a mariner with a sea of
flashing lights, hard to distinguish without perspective, as marking lights bob in an out of
sight when in a swell. Colour coding, symbols or even synchronised lights on the OWF
monopiles may provide additional marks to the perimeter of an aquaculture zone (subject to
agreement from the OWF operator). Whilst perhaps individual fixed gear aquaculture zones
could be demarked with their own IALA lights at the corners supplemented by additional
surface buoys along the margin they would present an additional obstacle in themselves. In
this case co-operation with the OWF operator could provide an effective synergy.
All physical marks would be in addition to UKHO demarcation on Admiralty charts and
‘Notice to Mariners’.
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Discussion on aquaculture plot marking will be needed with a wider stakeholder group
including the MCA and Trinity House on specific navigational requirements and in particular
whether additional floating Aids to Navigation (AtoN) would be required demarking the
aquaculture plots themselves.
It is suggested that if the concept of a navigation corridor were promoted, supported and
used within the access protocol then the need for additional marking and demarcation of the
aquaculture cells could be minimised.
Potential Use of Navigation Corridors within Access Protocol; The access protocol
developed in the North Hoyle trial as part of the Code of Conduct (Section C.1.2) does not
specify any requirements for navigational routing within the OWF. The scale and turbine
configuration of the R1 North Hoyle Wind Farm is considerably less complex than the R2
Gwynt-Y-Mor site. It is possible that a more defined vessel access routing may be of value
within the access protocol if appropriate for a large and complex array using ‘navigation
corridors.’
The access routing using navigation corridors within a future protocol could include the
following features:
•

Seek to minimise transit route through the OWF whilst avoiding OWF assets (e.g.
no short cuts to aquaculture zones past sub-stations platforms).

•

Use circumnavigation of OWF and navigation corridors.

•

Consider enhanced monitoring facilities (e.g. CCTV / Radar on turbines) along the
navigation corridors allowing better vessel tracking by the OWF Control room.

C.3.5 The Monitoring and Management of Proximity Zones
Proximity agreement discussions will need to explore the degree to which the aquaculture
operator demonstrates that performance remains within agreed parameters. It is possible
that third party verification with enhanced VMS may be required (see Section B.1) to ensure
that OWF operators in their Control room can maintain near real time monitoring (which may
be a requirement of their ERCop). Figure 78 illustrates how compound Geofences can be
constructed using a composite of circle and box areas.
a) Fixed gear cell 16

b) Succorfish circle and box Geofences

Figure 78: Illustration of how Compound SC2 Geofences can protect OWF assets
(N.B red = 50m exclusion zone, orange = 100m restriction zone)
(Source: Succorfish output courtesy of Succorfish (Tom Rossiter)

Figure 71 shows that it is possible to construct a system to monitor proximity zone
compliance around wind turbine and cable assets using existing technology. Furthermore,
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the Succorfish ‘in water’ technology can even be used to verify whether dredges are
deployed or not – this could be used to interactively adjust the proximity zoning according to
the increased risk profile (i.e. this could avoid ‘false’ alerts of restriction zone Geofence
ingress whilst a vessel is navigating to site).
In addition, a dual Geofence approach could be used whereby vessel based dGPS could
provide a ‘trigger’ Geofence (within vessel only) outside the SC2 ‘action’ Geofence which
would notify the OWF Control room.
It is recommended that technology developments are included in proximity discussions and
offshore trials to help provide risk-based management tools.

C.3.6 The Need for Proportionate Proximity Zones – Economic Impact
The margin of ‘unproductive’ area in the restriction zone bounding the cable routes presents
an important limitation on the overall economic return from the aquaculture zones. In order
to provide some outline financial returns from the Gwynt-Y-Mor aquaculture illustration
scenario an EXCEL spreadsheet was developed as a tool to capture the impact of the
proximity zones upon seabed and fixed gear mussel production tonnage and gross income.
The spreadsheet encompasses a general summary page which is paste-linked to source
worksheets for each iteration of proximity distance. A new version can then be created for
differing designs of farm layout where numbers of aquaculture cells vary.
The calculation assumptions for seabed culture were based upon Deepdock Ltd. working
data, whilst the fixed gear mussel longline culture assumptions are from Buck et al. (Ref:
2010) as detailed below:
Seabed Mussel Culture;
Production rates, loading densities and market returns were provided by Deepdock Ltd.
(James Wilson, pers. comm.).
Parameters used:
Initial stocking density = 50T/Ha
Production rate = 1.5kg increase on every 1kg deployed (i.e. 2.5:1)
Price £500-£1000/T (£500/T used in calculations).
Detailed inputs are provided in Table 19.
Proximity assessment for the Deepdock Ltd. vessel indicated an additional 50m restriction
zone beyond the 50m exclusion zone (i.e. 100m to edge of aquaculture zoning).
Table 17 outlines the number of ‘open’ (bounded on x2 sides) and ‘closed’ (bounded on x3
sides) seabed culture cells for the Gwynt-Y-Mor illustration. Clearly a cell with x3
boundaries will lose more production area than a cell with x2 boundaries. The impact of
differing proximity zones upon seabed culture area for open and closed cells is provided in
Table 19.
Table 17: Effective Production Area as a Result of Differing Proximity Zones
Proximity Zone

Open Cell

Closed Cell

(x2 boundaries)

(x3 boundaries)

100m

68%

58%

150m

52%

41%

200m

35%

26%
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Fixed Gear Mussel Culture;
Production rates, loading densities and market returns have been based upon the values
and longline configuration provided by Buck et al. (Ref: 2008).
Parameters used:
Production rate 10kg/m length/season (assumed/yr. for seed)
Production rate/m of longline (2.5m on Christmas tree droppers)
Longline spacing 10m separation
Price €1000/T
Detailed inputs are provided in Table 19.
Buck et al. (Ref: 2010) suggests a 150m restriction zone where aquaculture would not be
allowed around the margin of the aquaculture plot. This is 50m more than the 100m zoning
put forward for seabed mussel seed (see Section C.1) but would be a sensible precaution to
allow for anchor fixing. For the purposes of this illustration a 50m margin has been added to
all proximity zone calculations for fixed gear systems.
As with seabed culture the number of ‘open’ (bounded on x2 sides) and ‘closed’ (bounded
on x3 sides) cells will affect the number and length of longlines within the fixed gear cells for
the Gwynt-Y-Mor illustration. The impact of differing proximity zones upon longline length
for open and closed cells is provided in Table 18.
Table 18: Longline Production Potential as a Result of Differing Proximity Zones
Proximity Zone

No. Longlines

Open Cell

Closed Cell

(x2 boundaries)

(x3 boundaries)

100m

X33

22,770m

17,820m

150m

X23

15,870m

11,270m

200m

X13

8,970m

5,720m

Version 1 Production and Gross Income;
Figure 72 represents the preliminary multi-user map illustration for the Gwynt-Y-Mor
scenario with a roughly equal split in area between seabed mussel culture and longline
mussel culture. Output from Version 1 summary worksheet was used in the RWE Npower
Renewables workshop and is presented in Appendix 2.
Version 2 Production and Gross Income;
With the advent of the navigation corridor proposed in Section C.3.4 there was a net loss of
seabed culture area whilst adjustments on the fixed gear cells made only a minor variation
in area.
Revised productivity and gross income levels for Version 2 are presented in Table 19 as
follows.
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Table 19: OWF Production Calculation – Summary Worksheet (Version 2)
Aquaculture Production
Exclusion Zone
m

Seabed Culture
T/yr.
£M/yr.

Fixed Culture
T/yr.
£M/yr.

200
9438
4.7
4558
150
13968
7.0
8149
100
18648
9.3
11812
NB based on following cells production (see accompanying map)
Seabed
No Cells =
Culture
Fixed gear culture
No 'end' limits
13
19
x1 'end' limit
4
3

Production Area (ha)
Exclusion Zone
m
200
150
100
Proportion of OWF
Exclusion Zone
m
200
150
100

3.9
6.9
10.0

Total
T/yr.

£M/yr.

13996
22117
30460

8.6
13.9
19.4

Seabed Culture

Fixed Culture

Total

252
372
497

188
335
486

439
708
983

Seabed Culture
% Intra% Whole
array
OWF
4.2%
3.1%
6.2%
4.7%
8.3%
6.2%

Fixed Culture
% Intra% Whole
array
OWF
3.1%
2.3%
5.6%
4.2%
8.1%
6.1%

Total
% Intraarray
7.3%
11.8%
16.4%

% Whole
OWF
5.5%
8.8%
12.3%
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Table 19b: OWF Production Calculation – 100m Worksheet Part 1 (Version 2)
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Table 19c: OWF Production Calculation – 100m Worksheet Part 2 (Version 2)

At a gross level the magnitude of the potential production from this illustration is very
significant. To put this level of production into context with the general UK output:
• Welsh wind farms hosting offshore aquaculture could more than triple UK mussel
production. Preliminary calculations for the Gwynt-Y-Mor illustration indicate seabed
and fixed gear culture systems could theoretically yield as much as 30,000t/yr.
• Mussel landings could value ~£20M/yr. gross income. With combined shellfish
exports from UK (all species fished and cultured) worth £410M (2011) this equates
to a potential increase of ~5% value in landings.
However, it is suggested the principal value of this tool is in the ability to be able to provide
a quantitative handle on the significance of proximity zone setting (Section C.2).
•

•

The setting of safe working zones to allow co-location is critical to both aquaculture
and OWF sectors. A proportional risk-based approach is needed rather than an
arbitrary precautionary approach as, for example, a 50m variation in zone size
equates to a difference of ~£6M gross income.
Projection of gross income calculations indicates that with a restriction zone of
>275m there will be no income generated.

A revised tool could assess aquaculture operational profit rather than gross income thereby
providing a screening tool during proximity discussions (i.e. to assess the limit at which it is
uneconomic to conduct aquaculture operations such as if the restriction zone extends
beyond 200m).
It is recommended that a more comprehensive assessment is made as part of the proposed
socio-economic study.
Ideally any socio-economic tools would include both cost-benefit
and GIS assessment components.
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SECTION 9 – RECOMMENDATIONS AND CONCLUSIONS

9.1

Overview of Current Study

There are strong drivers for expanding aquaculture production in the UK. These include food
security, population health benefits through the consumption of seafood, improved
environmental sustainability and increased socio-economic activity.
Co-location of aquaculture with other marine activities, such as renewable energy, would
seem to make the most efficient use of what appears to be an ever decreasing marine spatial
resource (Ref: Mee and Kavalam, 2006). Certainly, in terms of co-location there is an
opportunity within Welsh waters and wider UK waters to take a global lead in developing
forms of aquaculture that are compatible with offshore wind farm structures, assets and
operations.
The priority and focus for this study is to highlight the potential aquaculture options, in terms
of species and techniques that might be considered in co-location activities that are
compatible with renewable energy sector operations. It is important to note that it is the wind
farms and not necessarily the aquaculture approach that is offshore. Therefore the types of
aquaculture activities considered in this report are a mixture of nearshore techniques (e.g.
seabed cultivation of mussels or oysters) and more truly offshore techniques designed for
higher energy environments (e.g. fixed gear cultivation of rope mussels).
In considering the various aquaculture options this report has sought to analyse how these
may interact with offshore wind farm operations. Where interactions are positive then these
have been suggested as reasons for encouraging the development of shellfish co-location
within Welsh offshore wind farms. Where impacts may be considered to be negative then
mitigation measures are suggested.
Finally, the type of impact and interaction between marine aquaculture and wind farm
operations is considered in the development of a risk-based approach to planning
aquaculture activities within offshore wind farms.
Section 9 presents suggestions for follow-on work that should be considered by the Project
Partners in order to develop co-location activities between aquaculture and offshore wind
farms. Recommendations are then given to highlight aspects of co-location that require
further work or investigation. Finally, conclusions are presented from the current study.

9.2

Follow-on Work

Whilst the original project scope did not require an assessment of potential follow-on work, a
brief review of the principal aspects of work that might be considered by the Project Partners
to help progress the application of offshore aquaculture practises within offshore wind farms
is given in the following section. The main aspects that have been identified and which are
included to help facilitate discussion are the following:

9.2.1 Seabed Cultivation Trials
In 2010 Deepdock Ltd. carried out a seabed mussel cultivation trial in the North Hoyle Wind
Farm. This trial demonstrated that aquaculture activities could be carried out without a
negative impact on wind farm operations. Following on from the 2010 trial, the current study
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continues the development of co-location activities and discussions between the aquaculture
sector and renewable energy sector.
The current study has identified how practises required for safe operations by the
aquaculture industry within offshore wind farms can be developed. It is therefore hoped that
adoption of these enhanced practises by the aquaculture operator will allow further seabed
cultivation trials to be undertaken in either the North Hoyle or Rhyl Flats Wind Farms in order
to investigate further the feasibility of undertaking seabed cultivation of mussels in these
areas.

9.2.2 Development of a Commercial-scale Offshore Shellfish Aquaculture
Trials
Section 5.5 describes the challenges still faced with respect to the development of colocation of aquaculture with offshore wind farms in German waters. It appears that to date
the experience in Germany with working offshore has only been at the level of pilot-scale
studies. Due to the eutrophic nature of the North Sea, research into the environmental
impacts, nutrient fluxes etc. of commercial-scale culture have only been possible to estimate
using tank-based research.
There is therefore clearly a need to investigate the operational, ecological, environmental,
shellfish hygiene and economic variables in a field study that matches or replicates the level
of production that would be experienced with commercial-scale shellfish production.
Such a project might be possible to implement on a national basis, perhaps with funding from
the forthcoming EMFF, or through international co-operation and funding. A similar project
regarding offshore finfish farming off the South West coast of England is already being
considered by CEFAS in collaboration with The Crown Estate.
The concept behind the CEFAS Demonstration project approach is primarily that the
aquaculture activity will be used as a science platform for data gathering. The information
obtained could then be used to assess the environmental and economic sustainability of this
type of aquaculture. CEFAS have confirmed that they would be supportive of developing this
type of project for offshore shellfish culture (Neil Auchterlonie, CEFAS, pers. comm.).

9.2.3 Socio-economic Study
Positive engagement of wind farm developers and operators in any co-location activities is
obviously essential if they are to succeed. It is understandable that renewable energy
companies are currently hesitant about fully committing to co-location trials given that they
have no existing track-record of working with the aquaculture industry and that there is a lack
of understanding about the type of operational practises involved in offshore cultivation
activities.
It appears that there are two ways in which engagement with the renewable energy sector
can be achieved. The first way would be a ‘requirement to engage’ either through legislative
or regulatory means e.g. as part of the planning process and application for a new offshore
wind farm site (see Sections 3.5, 5.2 and 9.3). The second would be an ‘encouragement to
engage’ by demonstrating the potential benefits to the renewable energy sector of
participating in co-location activities.
Renewable energy companies have a need to demonstrate Corporate Social Responsibility
(CSR) with respect to their operations. As an example RWE Npower Renewables state that
with respect to the Gwynt-Y-Mor Wind Farm there will be an annual community benefit
package of £768-k for the lifetime of the project which comes to a total of over £19 million.
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Therefore, one possible method of demonstrating such an advantage of co-location to the
renewable energy sector was considered to be an assessment of the wider socio-economic
benefits that co-location with the aquaculture industry might achieve. To this end an
overview was drawn up by the Project Team for a Scoping Study to define the requirements,
structure and funding for a socio-economic modelling study for Aquaculture and OWF colocation. This overview was then presented to Welsh Government for comment and
consideration.

9.2.4 Aquaculture & OWF Co-location Stakeholder Forum Development
If co-location of marine aquaculture and offshore wind farms is to develop then there is a
need for dialogue between the aquaculture industry and the renewable energy sector over a
wide range of subject areas including licensing, operational considerations, health and safety
etc.
The current project considered that this dialogue could be initiated through the establishment
of a small dynamic Welsh Aquaculture & OWF Co-location Stakeholder Forum. This could
form the nucleus for future development of co-location, possibly providing a vehicle to liaise
with other work streams and attract other funding sources.
The Forum would need to agree the priorities of their objectives, although in common with
the current project it is suggested this could be focused on delivering pilot-scale trials for
aquaculture partners within Welsh OWFs. This Forum could then help steer and implement
any further more comprehensive studies or commercial-scale field trials.
A possible structure for such a Forum is shown in Figure 79 together with associated Task
Groups.
It is proposed that there would be an element of ‘interface management’ to facilitate
communication between the two sectors and overcome the restrictions of working together.
This group could seek external funding with which to support such a function and to provide
a framework to host issues which will need resolution.
This Forum approach with Task Groups would seem to have merit and Seafish have
confirmed that they would take on the initial secretariat function (Mark Gray, Seafish, pers.
comm.). At a project meeting in June 2013 CEFAS also confirmed that they supported the
idea and would be willing to participate (Neil Auchterlonie, CEFAS, pers. comm.).
Welsh Government have been approached to investigate if there is an existing mechanism
through which to form or support such a Forum. Alan Storer (pers. comm.) of the Marine and
Fisheries Division stated that WG is currently reviewing its approach to stakeholder
engagement and that progress on a marine programme would take place over the summer
period which would include a stakeholder forum.
The development of this Co-location Stakeholder Forum approach should therefore be
continued with WG following the end of this current study.

_____________________________________________________________________________________________________
Section 9 – Recommendations & Conclusions
Page 193 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

Regulators /
Agencies /
others

Aquaculture
Sector

Stakeholder
Forum

OWF
Sector

Interface
Facilitator

Task Group A
(Aqua. Issues)

Examples include:
a) Technical:
-Assess offshore
aquaculture gear reliability
-Assess suitability of SC2
systems for aquaculture
b) Safety:
-Develop aquaculture
activity specific risk
profiles

Task Group B
(Common
Issues)

Examples include:
a) Financial:
-Seek resource
-Socioeconomic study
b) Safety:
-Risk Assessments
-Proximity Agreements
-Navigation implications
-SAR implications
c) Legislative
-licensing

Task Group C
(OWF Issues)

Examples include:
a) Technical:
-Assess cable severing
risk from towed gear
-Assess suitability of
SC2 systems for OWF
b) Safety:
-Review ERCop

Figure 79: Proposed Composition of Work Group Structures for a Forum
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9.2.5 Development of a Protocol
Figure 79 concerning the structure of a Co-location Stakeholder Forum gives an indication of
the complexities and wide ranging nature of the tasks required to ensure that any
development of co-location is carried out safely and without disturbance to the operational
requirements of the constituent partners. It is suggested that in order to facilitate an
understanding of the actions required to achieve successful co-location of shellfish
aquaculture within offshore wind farms that a protocol or ‘tool kit’ approach be adopted to
mapping the process from inception through to implementation of an aquaculture activity.
The development of a Protocol-type approach to process planning did not form part of the
original project scope but has been included by the Project Team in a Version 1.0 format. It
is hoped that this might form a good starting point for any further Protocol development which
could be led by the Co-location Stakeholder Forum structure through an associated Task
Group.
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9.3

Recommendations

In addition to the follow-on work described in Section 9.2 the following recommendations are
also made:

9.3.1 Aquaculture Options for Offshore Wind Farms – Shellfish Species
(1) It is recommended that the blue mussel (Mytilus edulis) should be prioritised for
commercial-scale aquaculture trials within Welsh offshore wind farms.

9.3.2 Shellfish Mariculture Permissions and Licensing
(1) It is recommended that the extent and limits of the powers of Welsh Ministers to control
the sustainable exploitation of sea fisheries resources under the Marine and Coastal
Access Act 2009 be investigated to ascertain if this would include the issuing of Several
Orders.
(2) It is recommended that The Crown Estate be approached to review and provide an
opinion on the various issues and areas of uncertainty that are raised with respect to
marine aquaculture licensing beyond 12nm for fixed gear aquaculture.
(3) It is recommended that The Crown Estate be asked to provide an opinion on the legal
status, in terms of licensing, of multi-functional use of a leased area within either an
existing or proposed offshore wind farm.
(4) It is recommended that an investigation is carried out to ascertain if a Fishery Order can
be granted for an area within an existing offshore wind farm.
(5) Section 9.2.4 describes the potential role of a new Co-location Stakeholder Forum set up
specifically to develop the potential for co-location of shellfish aquaculture within Welsh
offshore wind farms. It is recommended that such a Forum should be tasked with leading
the discussion regarding the potential for co-operation between wind farm operators and
the Welsh aquaculture industry.
(6) It is recommended that UK government and UK marine planning authorities be asked to
consider the policy or legislative changes that would be needed for UK waters in order to
implement a requirement for developers of new offshore renewable energy sites to carry
out and evidence that an investigation of the potential for co-location or multi-functional
use of offshore renewable energy sites has been undertaken.

9.3.3 Operational Issues
(1)

Co-location Stakeholder Forum, Task Groups and Interface Facilitator - A central
recommendation is that a Co-location Stakeholder Forum (SF) is formed with
membership from the OWF and aquaculture sectors along with input from regulators,
agencies and other interested parties. This group could seek external funding with which
to support such a function and to provide a framework to host issues which will need
resolution. A proposed organisation structure is presented in Figure 79 showing how
the SF could form smaller Task Groups to develop specific work-streams. Some of
these Task Groups may be of common interest to the whole group whilst others may be
on specific technical or legislative components.
A key aspect to ensure a non-partisan approach for difficult issues will be the
appointment of an independent ‘interface’ facilitator. This should be undertaken by an
‘honest broker’ working to meet the wider objectives of the SF and reporting directly to
the SF Steering Group.
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(2) Technology Developments - It is recommended that technology developments are
included in proximity discussions and offshore trials to help provide risk-based
management tools. A number of areas would benefit from focussed attentions by SF
Task Groups including:
a) Cable Impact - Cable impact by aquaculture is one of the key areas of concern faced
by the OWF sector. It is recommended that the Co-location Stakeholder Forum
consider scoping and seeking resources to target appropriate assessments on this
important topic which could include a technical review of cable and dredge design to
help minimise cable severing risk in the event of snagging. Coupled with appropriate
zoning (Section C.2) and vessel positioning (Section B.1.1) to limit the risk of
snagging.
b) Vessel Management - It is suggested that management of vessel access to
designated zones within the OWF and monitoring of their activities should form part of
a potential solution. Such an increased load upon the OWF operator is likely to be an
unwelcome burden and the question of who operates such a system and how it is
resourced will be paramount. It is recommended that the Co-location Stakeholder
Forum considers mitigation through the use of technology and resourcing schemes to
implement appropriate vessel systems.
(3) Offshore Aquaculture Trials – It is difficult to progress with the co-location discussion
when standalone offshore experience is so limited. Experience could be gathered in a
number of work-streams which would benefit future trial proposals:
a) Conservation Issues (Bird Impacts) – There is no evidence to indicate whether
aquaculture will change the bird strike status of an OWF. It may be wise to
demonstrate ‘no significant impact’ by comparing baseline and post-scheme bird
observations from other offshore aquaculture trials/schemes. However, for specific
OWFs it is suggested that aquaculture influence on birdlife is likely to be culture
species and site dependant.
b) Aquaculture Options - There are many options for stock deployment and harvesting
(Section B.6) with scope for different forms of product (e.g. seabed mussels, rope
culture mussels and seed mussels), different species (e.g. finfish, seaweed and
shellfish combinations) and specialist products (e.g. finishing areas for relay or
polishing). It is recommended that pilot trials could be developed in association with
any potential offshore aquaculture developments in order to test the technological
requirements.
c) Multi-user Compatibility - A holistic multi-user zoning approach may benefit from a
socio-economic report output as a financial driver, which has been proposed in the
course of the current study. In addition, there may be value in a Co-location
Stakeholder Forum seeking alternative R&D funding for appropriate trials.
(4) Development of North Hoyle Trial Documentation – The North Hoyle Trial in 2010 was a
good initial start in the development of protocol and procedures for aquaculture working
practises in an OWF. There are however a number of areas where further work may be
required:
a) Future Project Planning documentation could provide a better linkage between
discrete Annex information making it clear what is general information to provide an
understanding of aquaculture operations and what is specific to the proposed trial,
whilst avoiding too much duplication.
b) Code of Conduct and Operational Protocol received no criticism during the current
project and it is therefore recommended that this documentation is used as a
template for any further trials. Some resolution may be required between timeframes
for submission of Operational Plans and planned aquaculture work plans.
c) Risk Assessment (RA) format is currently inadequate and has no assessment of
probability-severity impact – ALARP (Section C.1.3). It is recommended that the
Subsea Cables 2012 guideline is used as a template for assessing RA and proximity
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issues where incursion of aquaculture is considered within an OWF. A Co-location
Stakeholder Forum with members from both industry sectors could help identify
potential conflict areas and determine those interactions which may require further
technical assessment to determine potential impact.
d) The Emergency Response Plan requires additional work and would benefit from the
development of scenarios detailing hazard situations and appropriate vessel/crew
responses. These emergency responses are likely to be dependent not only on what
task is being undertaken but also where the task is being undertaken (i.e. proximity to
hazards and the importance of zoning). It is recommended that the Co-location
Stakeholder Forum should consider the setting up of a task force with representatives
of the aquaculture and OWF sectors to develop these emergency scenarios with
potential emergency response plans. This will only be possible if both sectors have a
clear understanding of their respective operations and both normal and failure
conditions. This need is strongly linked to the issues considered for the Risk
Assessment and the determination of appropriate proximity zones (see Section C.2).
Any Aquaculture Hazard Response plan will also need to be integrated within the
OWF operators ERCop.
(5) Proximity Agreements - The Proximity Zoning model template developed during the
current project provides an initial basis to help in Proximity discussions between
aquaculture and OWF sectors. It is recommended that the Aquaculture/OWF
Consultation requirement for developing a Risk Assessment process (Section C.1.3)
could use the provided tool as a starting point to progress in developing a Proximity
Agreement (Section C.2.2). It is suggested that the Co-location Stakeholder Forum
considers the setting up of a task force to explore proximity zone implications for
aquaculture and OWF operations. This could be in conjunction with the Risk
Assessments activities considered in Section C.1.3. A critical data gap is the absence of
offshore aquaculture data with which to inform these assessments. There is a need to
support such offshore trials to gain this experience.
(5) Scenario Development Tools – It is suggested that the use of real case study scenarios
are powerful templates upon which to develop models and tools to help the co-location
process. It is recommended that the Co-location Stakeholder Forum Task Group further
progresses with the Gwynt-Y-Mor scenario as a template to model the practical details of
aquaculture plot definition. This could help with the following areas:
a) Risk Profiles - It is recommended that the Co-location Stakeholder Forum sets up a
Task Force with aquaculture and OWF members (see Section 9.2.4) to further
develop the risk profiles. This would be integral with the recommendations for Risk
Assessment (Section C.1.3) and the setting of Proximity Zones (Section C.2).
b) Phase Development – It is suggested that an Adaptive Management approach is the
best way to gain experience in a non-threatening manner. It is recommended that
the Co-location Stakeholder Forum engages both regulators and responsible
agencies to ensure that a phased development plan is agreed to allow operational
experience to be attained in a systemic fashion whilst minimising risk to the OWF
operator and other marine users.
c) Navigation Corridors - It is recommended that the use of navigation corridors is
considered further by the Co-location Stakeholder Forum within the context of the
access protocol and vessel management within an OWF. Further development of the
North Wales OWF scenarios may benefit from input from navigational experts such
as Trinity House.
d) Socio-economic Studies – In order to provide a financial context for any co-location
work socio-economic studies will be required to encourage OWF participation. It is
recommended that a more comprehensive assessment is made as part of the
proposed Socio-economic study.
Ideally any socio-economic tools would include
both cost-benefit and GIS assessment components.
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9.4

Conclusions

There is little doubt that the technology required to cultivate molluscan shellfish offshore
either already exists or can be made to work even in these high energy environments. The
biological characteristics relevant to aquaculture of the main shellfish species that should be
considered for offshore cultivation in Welsh waters, i.e. blue mussels and Pacific and native
oysters, are also largely known. Where there are gaps in this knowledge then these could be
relatively easily filled through commercial-scale cultivation trials.
At the time of the Project presentation (see Appendix 3) to the Shellfish Association of Great
Britain Annual Conference in May 2013, the main conclusions presented for this study were
as described in the schematic shown in Figure 80.

Figure 80: Summary of recommended follow-on work presented to SAGB Conference
(Source: Aquafish Solutions Ltd., SAGB Annual Conference Presentation 2013)

Briefly, the conclusions presented were as follows;
•

If co-location of aquaculture and renewable energy is to take place in the UK, then
the experiences from abroad would seem to show that there will be a need for Policy
Drivers in this respect.

•

In addition to ‘requiring’, there is also a role for ‘encouraging’ renewable energy
companies to consider co-location.

•

One way to achieve this might be through a Socio-economic Study demonstrating the
wider benefits that co-location could bring.

•

In terms of research, there is a need to undertake Commercial-scale Trials to test the
theories and models that have been developed so far.

•

Finally, from an Aquaculture Industry perspective there needs to be interest,
investment and an understanding of the type of environment in which they would be
operating. This will also need to be supported by appropriate Funding.
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However, at that point in time the review of licensing for marine aquaculture activities with
respect to offshore aquaculture, and within offshore wind farms in particular had not been
concluded. The data gathering that was subsequently carried out to investigate this aspect
of the current study yielded some critical findings with respect to the potential for
development of co-location of aquaculture within Welsh offshore wind farms. These findings
were that (i) The granting of a lease to a wind farm developer and then operator includes the
entire area encompassed by the wind turbines. Whilst these leases should not overly restrict
navigation or remove the public right to fish, there appears to be no rights granted under the
current lease agreements for WFOs or third parties to undertake any aquaculture activities
within offshore wind farms (ii) There is uncertainty about what licensing mechanism or
legislation exists to permit fixed gear aquaculture activities beyond 12nm (which includes the
proposed Rhiannon and Celtic Array Wind Farms as well as the Atlantic Array which has
shared licensing between England and Wales).
Of the possible solutions that were presented to this issue with existing wind farm leases
(see Section 3.4) all needed the agreement of the WFOs and some also required their active
participation in the solution process. If the WFOs have any concerns over the potential
operational impacts that co-location with aquaculture may present, then it may be difficult to
convince them to participate in this respect. Indeed, Prof. Buck at the AWI institute informed
the Project Team during this study that “The challenge to developing offshore co-location is
not technical but revolves around the ability to persuade WFDs/WFOs to work with the
aquaculture sector”. Therefore for existing wind farms, if co-location of aquaculture is to
progress beyond the initial North Hoyle trials, then dialogue establishing how safe working
practises could be developed will obviously be essential. The formation of an Aquaculture &
OWF Co-location Stakeholder Forum to discuss these issues and to build confidence
between the sectors in working together would therefore seem essential.
The existing offshore wind farms are all within 12nm and so the issues facing aquaculture colocation beyond 12nm relate to the current proposals for the Rhiannon Wind Farm, which is
at the concept/early planning stage, the Celtic Array Potentials (SW and NE) and the Atlantic
Array. The lack of a clear licensing mechanism or legislation for marine aquaculture
activities, in particular fixed gear, beyond 12nm coupled with, as described above, the
potential reluctance of the wind farm developers to consider co-location are challenges to the
development of co-location activities further offshore. It is possible that the marine licensing
mechanisms do already exist and that this issue just requires some investigation and
clarification. If mechanisms don’t already exist then measures should be put in place to
instigate this as it seems certain that with time and as experience is gained that there will be
more enquiries about establishing offshore fixed gear aquaculture activities.
This still however leaves the issue with respect to co-location of establishing working
relationships between the aquaculture and offshore renewable energy sector. The German
co-location case study presented in Section 5 of this report would indicate that for co-location
to move beyond a dialogue or research level then there is a need for some form of legislation
or planning regulations requiring wind farm developers to investigate the potential for colocation or multi-functional use of the proposed wind farm site as a requirement of the
planning process. Such a legislative or regulatory planning approach will seemingly require
intervention at a UK Government level, rather than a Welsh Government level, and may
involve a considerable lead-in time for implementation. Therefore if such an approach were
to be considered as part of the Round 3 proposals then it is suggested that this would have
to actioned with some urgency.
The North Hoyle co-location trial in 2010 helped to set the foundations for providing
documentation templates for the two sectors to work together. However, considerably more
work is required with respect to Risk Assessment and Emergency Response Protocols
particularly with respect to a wider range of aquaculture forms such as fixed gear
aquaculture.
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The current project has been effective in the use of ‘real world’ case studies using North
Wales OWF scenarios. This has enabled the development of preliminary proximity and
economic modeling tools which can be refined in future studies. The use of scenarios has
enabled engagement with the OWF sector by providing tangible examples to make pseudoplanning decisions in a non-threatening environment. From an external agency perspective,
scenarios are also effective at focusing attention once areas are demarked on a map.
Aquaculture co-location can learn much from existing guidelines developed to manage the
interactions between the submarine cable and OWF sectors. In particular, the Subsea
Cables UK Guidelines provide a good template in how risk profiles can be linked to proximity
zone assessments and ultimately to a protocol for attaining a proximity agreement. In the
same way as systems may be ‘borrowed’, technology used in parallel sectors, may also
provide solutions. For example, the Succorfish enhanced Vessel Monitoring System, can
provide powerful spatial management tools which could provide the OWF sector with third
party validation of appropriate zone control and ultimately help de-risk the current aversion to
co-location. In essence, the two sectors will only learn to work together when they can
comfortably and confidently live side-by-side.
In an effort to attain effective marine spatial planning, compatibility will be a function of
knowing what is done where. However, commercial confidence will only attained when risks
can be effectively controlled and are perceived to be worth the increased workload.
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SECTION 10 – PLANNING PROTOCOL Version 1.0
Protocol Ver. 1.0 representing the planning process for aquaculture co-location activities in Welsh offshore wind farms (see Section 9.2.5)

OWF OPERATOR

AQUACULTURE OPERATOR

STAKEHOLDER FORUM
Plan OR Trial for Co-location
New operation or modification of existing operation

Plan can proceed from
OWF to external review

PRELIMINARY PROPOSAL
Yes

Is aquaculture plan acceptable to OWF Operator?

No

Possible

Template
documents/models:
• Risk Assessment
• Proximity agreement
• ERCop

Support by facilitation ‘interface’

Plan can proceed from
OWF to external review

REVISED PROPOSAL
Yes

Is plan acceptable (or are new resources needed)?

No

Possible

Support by Task Groups
New models or templates
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APPENDIX 1 – Documents from OWF Planning Meeting 1 –
March 2013
Exclusion and Restriction Zone Sizing
Principal: There is a need to develop a system for setting restriction zones which is flexible
enough to make allowance for vessel, site and condition specific variables whilst still
maintaining the 50m ‘Inner exclusion zone’ as a reserve contingency.
Illustration of Turbine Exclusion and Restriction Zoning:
Note: Zone sizing for illustrative purposes and not to
scale. Zone scaling to be vessel, site and condition
specific

Zone 6 - Vessel manoeuvrability
Offset
RESTRICTION
Vessel turning circle

Zone 5 - Emergency Response Offset
RESTRICTION
Distance travelled whilst deploying anchor

Zone 4 - Condition Specific Offset
RESTRICTION
Mooring line length (windage)

Zone 3 - Site Specific Offset
RESTRICTION
Mooring line length (depth/currents)

Zone 2 - VMS Offset
RESTRICTION
Vessel length

Zone 1 - Inner Exclusion Zone 50m
MANDATORY

Turbine Structure
Zone Breakdown Description:
Zone
Description
Zone 1
Inner exclusion core
Zone 2
Vessel VMS offset
Zone 3 (Note 1)
Site Specific offset

Zone 4 (Note 1)

Condition Specific offset

Zone 5 (Note 1)

Emergency response offset

Zone 6 (Note 1)

Vessel manoeuvrability offset

Size
50m
Length of vessel
Vessel at anchor drift allowance as function of:
-ambient current speed
-depth
Windage/wave induced drift as function of:
-vessel drag
-fetch exposure/wind force
Distance travelled before anchor can be deployed
(assuming loss of power) as function of:
-vessel operational cruising speed
-vessel/crew response time
Vessel turning circle

Note 1: Inclusion based on risk assessment criteria
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As illustrated in above diagram the restriction zone would consist of a number of components
which could be tailored to a specific vessel (e.g. Deepdock mussel dredger), OWF (e.g. North
Hoyle) and operating conditions (e.g. wind speed/directions). In principal the restriction
zoning should allow for the vessel to undertake emergency actions with sufficient sea-room to
prevent infringement of the 50m exclusion zone around the turbine.
It is suggested that there is likely to be a need for such a zoning determination system
otherwise a ‘worst case’ assessment (i.e. the largest vessel operation, in the deepest size under
the poorest conditions) is likely to preclude any aquaculture operations from all OWF sites.
A risk assessment component can be applied for Zones 3-6 to allow vessel and condition
specific application. For example, a vessel with dual engine operation would not be in need
of emergency anchorage and could clear the OWF in the event of failure for one unit.
A range of scenarios have been prepared to illustrate how such a scheme might be used to set
restriction zones. This technique can therefore not only be used to determine the sizing of the
operational zone between turbines but also to help provide guidance criteria for vessel
operations.
Examples:
Vessel ‘X’ of 100m length with no bow thrusters and a slow emergency response
time is not suitable for operations in OWF site ‘A’ under any conditions.
Vessel ‘Y’ of 50m length with dual engines and bow thrusters can operated in
OWF site ‘A’ in wind conditions of <F4 onshore within a defined operation zone.
This rational could be used to set operational criteria during project planning. Alternatively
there may be scope for a more dynamic approach which allows a more interactive use of the
zoning system tailored according to prevalent conditions (e.g. ‘lookup’ tables for range of
wind speed/directions). In the latter case a system which generates a variable ‘restriction’
zone sizing would need to be robustly tested.
Scenario 1 – Best case (Small manoeuvrable boat in good conditions at a low risk
site)
(see EXCEL output)
Scenario 2 – Middle Case Working example 1 (Deepdock Dredger with dual
engines, bow thrusters in mod. conditions at North Hoyle)
(see EXCEL output)
Scenario 3 – Middle Case Working example 2 (Deepdock Dredger with dual
engines, bow thrusters in mod. conditions at Gwynt-y-Mor)
(see EXCEL output)
Scenario 4 – Worst case (Large ship without bow thrusters in poor conditions at
high risk site).
(see EXCEL output)
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North Hoyle Illustration (Scenario 2)
(X4 turbines for illustration)
Turbine separation W-E = 850m
Turbine separation N-S = 650m

850m

OPERATIONAL

650m

RESTRICTION ZONE

EXCLUSION ZONE

Gwent Y Mor Illustration (Scenario 3)
(X4 turbines for illustration)
Turbine separation W-E = 720m
Turbine separation N-S = 720m
720m

OPERATIONAL

720m

RESTRICTION

EXCLUSION

_____________________________________________________________________________________________________
Appendix 1
Page 215 of 250

PROJECT REF. ID: 71
Shellfish Aquaculture in Welsh Offshore Wind Farms
_____________________________________________________________________________________________________

Illustration of Sizing Restriction Zones for Various Operational Scenarios
Preliminary Scaling (Pre-Risk Assessment)
Zoning
Units
Best Case
1
Zone 1 - Inner Exclusion Zone
Zone 2 - GPS Offset
Zone 3 - Site Specific Offset
Zone 4 - Condition Specific Offset
Zone 5 - Emergency Response Offset
Zone 6 - Vessel Manoeuvrability
Combined Zones

(m)
(m)
(m)
(m)
(m)
(m)
(m)

Scenario
Working Case 1
Working Case 2
2
3

Worst Case
4

(Note 1)

(Note 2)

(Note 3)

(Note 4)

50
5
15
0
26
5
101

50
50
20
4
154
25
303

50
50
60
12
154
25
351

50
100
90
90
309
200
839

Note 1: Scenario 1 – Best case (Small manoeuvrable boat in good conditions at a low risk site)
Note 2: Scenario 2 – Middle Case Working example 1 (Deepdock Dredger with bow thrusters in mod. conditions at North Hoyle
Note 3: Scenario 3 – Middle Case Working example 2 (Deepdock Dredger with bow thrusters in mod. conditions at Gwynt-y-Mor
Note 4: Scenario 4 – Worst case (Large ship without bow thrusters in poor conditions at high risk site).

Revised Scaling (Post-Risk Assessment)
Zoning

Units
Best Case
1

Zone 1 - Inner Exclusion Zone
Zone 2 - GPS Offset
Zone 3 - Site Specific Offset
Zone 4 - Condition Specific Offset
Zone 5 - Emergency Response Offset
Zone 6 - Vessel Manoeuvrability
Combined Zones

(m)
(m)
(m)
(m)
(m)
(m)
(m)

50
5
15
0
26
5
101

Working Case 1
2

Scenario
Working Case 2
3

(Note 1)

(Note 1)

50
50
0
0
0
0
100

50
50
0
0
0
0
100

Worst Case
4
50
100
90
90
309
200
839

Note 1: Scenario 3+4 has a dual engine vessel and an emergency procedure to clear the OWF in the event of an engine failure - RA therefore discounted for Zones 3-6
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APPENDIX 2 – Documents from OWF Planning Meeting 2 –
June 2013
Appendix 2(a)

Appendix 2(b)
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Appendix 2(c)

Appendix 2(d)
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Appendix 2(e)

Appendix 2(f)
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Appendix 2(g)

Appendix 2(h)
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Appendix 2(i)

Appendix 2(j)
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Appendix 2(k)

Appendix 2(l)
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APPENDIX 3 – Presentation from 2013 SAGB Annual Conference

Appendix 3(a)

Appendix 3(b)

Appendix 3(c)

Appendix 3(d)
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Appendix 3(m)

Appendix 3(n)

Appendix 3(o)

Appendix 3(p)
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Appendix 3(q)

Appendix 3(r)

Appendix 3(s)

Appendix 3(t)
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Appendix 3(w)

Appendix 3(x)
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APPENDIX 4 – North Hoyle Trial – Documents and Outputs
Appendix 4(a)

Report on a mussel cultivation trial at
North Hoyle wind farm in 2010
By Deepdock Ltd. - February 2011
Executive Summary
•

Deepdock Ltd. worked with RWE npower renewables Ltd. and relevant authorities to
successfully undertake a seabed mussel cultivation trial within North Hoyle wind farm
during the summer of 2010.

•

Juvenile mussels (Mytilus edulis) were deposited at three sites within North Hoyle wind
farm on 20th July 2010 and harvested on 29th September 2010.

•

With assistance from RWE npower renewables Ltd., Deepdock Ltd. established a
procedure for operating within the wind farm site which included a Code of Practice,
Operational Plan, risk and emergency assessments and plans.

•

Between July 20th 2010 (mussels deposited) and 29th September 2010 (mussels harvested)
mean mussel shell length increased from 26.79 mm to 38.15 mm, an average increase of
11.36 mm over 71 days (42% increase in shell length).

•

Unfortunately by 29th September 2010, mussels at all three sites suffered mass mortality.
According to molluscan experts this could have been due to:
(a) Environmental shock as a result of mussels being transferred from an area of low
primary productivity and intermittent feeding (inter-tidal) to an area of high primary
productivity and continuous feeding (sub-tidal)
(b) Smothering due to seabed sediment movement.

•

The following recommendations have been made for the second phase of the trial which is
planned to commence from April 2011:
(a) Establish a more collaborative approach with the Welsh Assembly Government to
ensure the trial helps to fulfil the Assembly’s and UK Government’s objectives for
marine spatial planning, food security and opportunities for co-existence of aquaculture
and other marine activities
(b) Deposit mussels in April 2011 when primary production off the North Wales coast is
relatively low thereby giving juvenile mussels time to acclimatise to a new environment.
(c) Monitor the performance of the mussels cultivated within the wind farm site every
month.
(d) Seek agreement with RWE Npower Renewables Ltd. to extend the trial to Rhyl Flats
wind farm during 2011.
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Introduction
1.1

A trial undertaken by Deepdock Ltd. to investigate the feasibility and performance of
cultivating the blue mussel (Mytilus edulis) in North Hoyle offshore wind farm site took place
during the summer of 2010. Mussels were deposited within the wind farm on July 20th 2010
and harvested on September 29th 2010.

1.2

This report documents the arrangements Deepdock Ltd. made with the wind farm company
(RWE npower renewable Ltd.) and relevant authorities to deposit and harvest mussels on the
seabed within a wind farm site and the performance of the mussels in terms of growth and
survival during the 2 month trial period.

1.3

Wind farm sites provide an opportunity to cultivate mussels during the summer months. Free
from merchant shipping traffic and possibly benefiting from reduced wave action, part-grown
mussels could be deposited in areas free from cables and a suitable distance away from
turbines during the warmer months when mollusc filter-feeding conditions are optimum.

1.4

Cultivating seafood within wind farm sites is being encouraged by the UK and Welsh
Assembly Government. For example in the draft Marine Policy Statement the UK
Administrations commit to encourage the development of aquaculture, recognising the
contribution aquaculture can make to the UK Administrations objective for food security:
“Food security is an objective of the UK Administrations and aquaculture also makes an
important and growing contribution to this. All Administrations support and encourage the
development of efficient, effective, competitive and sustainable aquaculture industries
subject to suitable governance and safeguards”
The UK draft Marine Policy Statement encourages the compatibility of marine activities,
stating that the process of marine planning will “enable the co-existence of compatible
activities wherever possible” and the Marine Policy Statement recommends that marine
planning authorities should
“seek to embrace the significant opportunities for co-existence of aquaculture and other
marine activities in developing Marine Plans”.

1.5

The objectives of the trial were to:
• Develop a procedure for mussel cultivation in a wind farm site, and
• Determine the environmental suitability of North Hoyle wind farm site for seabed mussel
cultivation.

Outcome
A procedure for mussel cultivation in a wind farm site
2.1

The procedure agreed with RWE Npower Renewables Ltd., CCW and WAG for the
deposition of mussels into North Hoyle wind farm required the following documentation and
permission:
• Mussel Cultivation Trial Proposal
• Method Statement
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• Code of Practice
• Operational Plan
• Marine Emergency Response Plan
• Risk Assessment
• Environmental assessment
• Permission for an aquaculture trial from Welsh Assembly Government
Below is a brief review of each of these documents and permissions.
A synopsis of answers to questions put forward by RWE npower renewables Ltd. during
discussion into the reasons why and how Deepdock Ltd. proposed to undertake the trial.
All the documentation is provided in the annex.
Mussel Cultivation Trial Proposal (see Annex A)
A Deepdock Ltd. report outlined a proposal to trial the seabed cultivation of mussels within
two wind farm sites off the North Wales coast. The report outlined the objectives and
methodology for a three year cultivation trial within North Hoyle and Rhyl Flats wind farms
and identified the statutory consents and permission required for a commercial operation. A
background to Deepdock Ltd. and a description of how the company currently cultivates
mussels in the UK was also provided.
Method Statement (see Annex B)
Following a request from RWE npower renewable Ltd., a method statement described how
Deepdock Ltd. carries out seabed mussel cultivation with dimensions of the mussel vessel
and dimensions of the mussel dredges used, how mussels are transferred from mussel seed
beds to cultivation sites, husbandry techniques and how mussels are then harvested for the
market.
Code of Practice (see Annex C)
A Code of Practice for safe operation within North Hoyle wind farm was developed with RWE
npower renewable Ltd. which set out:
• A procedure for the operational plan,
• Environmental thresholds for safe access into the wind farm site (e.g. for weather and
visibility),
• A communication procedure consistent with the RWE power renewable Ltd. Working
Procedure for Access & Egress to Offshore Wind Installations REN\WP\PROD.064
for:
o prior to sailing
o arrival at North Hoyle wind farm
o departing North Hoyle wind farm
• Monitoring and recording the movement of the Mare Gratia (B932) within the wind
farm site
• Turbine avoidance measures
• A Risk Assessment & Emergency Response Procedure consistent with RWE Npower
Renewables Ltd. Working Procedure for North Wales & Liverpool Bay Operational
Offshore Installations Emergency Procedures REN\WP\BCP.014
• An example a North Hoyle Offshore Wind Farm Transfer List used to inform all RWE
Npower Renewables Ltd. contacts provided in the Code under ‘Prior to sailing’
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Operational Plan (see Annex D)
In accordance with the Code of Practice, an Operational Plan was developed by Deepdock
Ltd. to inform RWE Npower Renewables Ltd. of mussel cultivation operations (e.g.
depositing mussels, monitoring and harvesting) within the wind farm site. It was agreed that
no entry into the wind farm would take place until confirmation that the Operational Plan was
accepted by all parties. The Operational Plan would be sent to RWE Npower Renewables
Ltd. at least 3 days before entry and a plan provided for each day of operation. The Plan
provided a brief description of the operation, location, duration and time of entry and
departure.
Marine Emergency Response Plan (see Annex E)
For marine cultivation operations inside the wind farm, Deepdock Ltd. produced a Marine
Emergency Response Plan that set out the action to be taken in the event of an emergency
or potential emergency which involves which involves either vessels and / or personnel
employed by Deepdock Ltd. whilst working inside the boundaries of an offshore wind farm
site.
Risk Assessment (Annex F)
Deepdock Ltd. produced a risk assessment for operations within the wind farm site. The
assessment followed the standard Seafish risk assessment which has been adopted for all
conventional operations carried out by Deepdock Ltd. vessels. Potential risks included
engine failure, collision with turbines and other boats and poor weather conditions.
Permission from Countryside Council for Wales (see Annex G)
Following an assessment of the possible impact of the mussel cultivation trial in North Hoyle
wind farm on Liverpool Bay potential Special Protection Area, the Countryside Council for
Wales (CCW) did not object to the trial, but recommended ways in which potential impacts
could be reduced, for example by minimising vessel movements during the trial to minimise
disturbance to the common scoter (Melanitta nigra) and avoid the monitoring stations CCW
helped to set up to monitor for any impacts caused by the wind farm.
Permission from Welsh Assembly Government (see Annex H)
Permission was sought for an aquaculture trial from the Welsh Assembly Government under
their ‘Scientific Purposes’ Byelaw (was North Western & North Wales Sea Fisheries
Committee Byelaw 1).
A synopsis of answers to questions raised by RWE Npower Renewables Ltd. over the
trial (see Annex I)
During the course of trial RWE Npower Renewables Ltd. raised a number of important
questions to which Deepdock Ltd. responded. These included why the trial was being
proposed inside the wind farm site and not on the periphery, exclusion areas, risk
assessment and emergency response. The answers to these and other questions can be
found in Annex I.
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The environmental suitability of North Hoyle wind farm site for seabed mussel cultivation.
2.2

The performance of the mussels deposited in North Hoyle wind farm were assessed in terms
of:
• Attachment to the seabed
• Growth
• Survival
Unfortunately due to the delay in depositing the mussels in North Hoyle wind farm (which
took place on July 20th 2010) and the relatively short trial period, the performance of the
mussel trial was assessed upon harvesting on 29th September 2010 and no monitoring took
place during the intervening period.

2.3

The mussels remained in the three areas where they were deposited in July 2010.

2.4

The mussels had grown considerably (mean size of 26.79 mm in July increasing to a mean
size of 38.15 mm in September) increasing on average by 11.36 mm (an increase of 42%)
(See Annex J & K)
Figure 1. A comparison of the size of mussels taken from samples (around 500) during
deposition (20th July 2010) and harvesting (29th September 2010)
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2.5

Unfortunately the mussels at all three sites had either perished or were dying when
harvested during September.

2.6

According to molluscan experts the possible causes of mass mortality at North Hoyle wind
farm during the summer of 2010 were:
• Environmental shock as a result of mussels being transferred from an area of low
primary productivity and intermittent feeding (inter-tidal) to an area of high primary
productivity and continuous feeding (sub-tidal)
• Smothering due to seabed sediment movement.
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Recommendations for the trial in 2011
3

The following recommendations have been made for the second phase of the trial which is
planned to commence from April 2011:
(a) Establish a more collaborative approach with the Welsh Assembly Government to ensure
the trial helps to fulfil the Assembly’s and UK Government’s objectives for marine spatial
planning, food security and opportunities for co-existence of aquaculture and other marine
activities
(b) Deposit mussels in April 2011 when primary production off the North Wales coast is
relatively low thereby giving juvenile mussels time to acclimatise to a new environment.
(c) Monitor the performance of the mussels cultivated within the wind farm site every month.
(d) Seek agreement with RWE Npower Renewables Ltd. to extend the trial to Rhyl Flats wind
farm during 2011.
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Appendix 4(b)
‘A Seabed Mussel Cultivation 3 Year Trial within two
North Wales Wind Farm Sites’
Outline
Deepdock Ltd. proposes to trial the seasonal (April to October) cultivation of mussels on the
seabed within two wind farm sites off the North Wales coast (North Hoyle and Rhyl Flats) from
2010 to 2012. Working with RWE npower renewables, The Crown Estate and the Welsh Assembly
Government, a protocol for farming mussels within a wind farm will be established.
Wind farm sites provide an opportunity to cultivate mussels on the seabed during the summer
months. Free from merchant shipping traffic and possibly benefiting from reduced wave action,
part-grown mussels could be deposited in areas free from cables and a suitable distance away
from turbines during the warmer months when mollusc filter-feeding conditions are optimum. In
addition to assessing the biological suitability of the sites a ‘Code of Safe Access’ will be
established, monitored and revised where necessary.
Cultivating seafood would help mitigate the loss caused by restrictions to capture fisheries within
wind farm sites. Multi-use of wind farm sites has been promoted by the UK Government and the
Devolved Administrations in recent marine planning documents.

Objectives
1. To develop a Code of Safe Access (based on spatial, weather, visibility, wind farm
maintenance work and a communication strategy)
2. To assess the biological suitability (mussel survival, growth, meat quality and mussel bed
stability) of the two wind farm sites for seabed mussel cultivation.

3 Year Trial
General
The proposal is to use the proposed locations within the footprint of the wind farm for only a portion
of the year. The combination of more severe weather in the exposed locations and the occurrence
of over-wintering populations of common scoter ducks and Red throated Divers predicate against
year round use of the two sites.
The intention would be to annually relay part grown mussels for the April – October period, which
coincides with the highest levels of primary production (food for the mussels) with the simple
equation being drawn that more food is commensurate to accelerated growth.
We are aware that both the exposed location and hydrodynamic regime in the wind farm areas,
introduce an element of uncertainty into the proposal. We are however confident that the trials will
inform the best site selection.
Part-grown mussels will be deposited within agreed locations within the wind farm site.
Approximately 100 tonnes of mussels will be deposited in 2 trial areas within each wind farm site in
May 2010. If successful, the number of trial areas would increase to 4 in 2011 and 6 in 2012 within
each wind farm site. The biological suitability of the trial areas will be monitored and reported every
2 months.
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Potential trial sites (illustrative charts only)
•
•
•

North Hoyle dimensions: 700m x 350m; Rhyl Flats dimensions 600m x 200m
Locations chosen on the basis of substrate composition and subsurface current velocity
Minimum 50 m separation zone from turbine and interconnecting cables

North Hoyle trial sites

Rhyl Flat trial sites

Year 1.
•
•
•
•

Draft a Code of Access for mussel deposition, monitoring and harvesting operations.
Monitor the implementation of the Code, discuss its performance at pre-arranged meetings
(every month during) and amend where necessary.
Deposit approximately 50 tonnes of part-grown mussels in each of the two trial areas within
each wind farm site in May 2010 (total of 100 tonnes).
Assess the survival, growth, meat quality and mussel bed stability in June, August and
October. Report on the performance of the fishery at the pre-arranged meetings.

Year 2. (dependent on the results of Year 1)
•
•
•

Continue to monitor, discuss (every 2 months) and amend the code of access where
necessary.
Deposit approximately 50 tonnes of part-grown mussels in each of the four trial areas within
each wind farm site in April 2011(total of 200 tonnes).
Assess the survival, growth, meat quality and mussel bed stability in April, June, August
and October. Report on the performance of the fishery at the pre-arranged meetings.

Year 3. (dependent on the results of Year 2)
•
•
•
•

Continue to monitor, discuss (every 2 months) and amend the code of access where
necessary.
Deposit approximately 50 tonnes of part-grown mussels in each of the six trial areas within
each wind farm site in April 2012 (total of 300 tonnes).
Assess the survival, growth, meat quality and mussel bed stability in April, June, August
and October. Report on the performance of the fishery at the pre-arranged meetings.
Report on the trial
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Statutory consents and permission required
1. Application for a Several Order (seabed lease for shellfish cultivation) from the Welsh
Assembly Government
2. Permission for an aquaculture trial under the Welsh Assembly Government’s ‘Scientific
Purposes’ Byelaw (was North Western & North Wales Sea Fisheries Committee Byelaw 1)
3. Application for a Classification of shellfish harvesting areas
4. Undertake an Environmental Assessment. Although the site is being considered a Special
Protection Area (SPA) for both the Common Scoter Duck and Red-Throated Diver, there is no
legal obligation to subject the proposal to an Appropriate (Environmental) Assessment (note
shellfish farming is exempt from the EIA regulations and FEPA). However to avoid
retrospective assessment should the area be designated an SPA, discussions will take place
with the Countryside Council for Wales to ensure the trial does not adversely affect the
Common Scoter (Red-Throated Diver isn’t thought to frequent the area).

Background to Deepdock Ltd. and Mussel cultivation
Deepdock Ltd.
Deepdock was formed in the late 1980’s and is involved in the cultivation and sale of
shellfish, primarily the common Blue mussel, Mytilus edulis. It currently produces & sells
between 2 and 2,500 tonnes of marketable mussels per annum from sites in the Menai
Strait in North Wales and Belfast and Carlingford Loughs in Northern Ireland.
The company operates one 43m purpose built mussel dredger - Mare Gratia (B932) based
in North Wales and part owns a dedicated 29m vessel based in Northern Ireland.

The Mare Gratia in Penrhyn Dock, Bangor, North Wales

Innovation and research are both important drivers for company development. Since 2002
Deepdock has participated in 2 EU funded projects and has participated in the funding and
completion of 3 PhD’s with the School of Ocean Science, University of Wales Bangor and
Swansea University in addition to several pieces of research undertaken at MSc Level.
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The Process of extensive mussel cultivation:
It is essentially a three stage process.
Stage 1.
The first stage is the one that more
closely mirrors conventional commercial
fishing. Wild ephemeral beds of the
juvenile mussels (commonly known as
seed mussel), which occur annually with
some
regularity
although
without
certainty, are identified and permission is
sought from the relevant authorities to
harvest these areas.

The seed is fished using a light dredge
and then brought by vessel to the
cultivation plots, areas of the seabed
which are ‘leased’1 for the purpose of
cultivating shellfish where the seed is relaid (discharged from the vessel). The
light dredges do not (and are not capable)
penetrate the seabed.

Through a structure known as several and
regulating orders, the application of which is
legislated within the 1967 Sea Fisheries
(shellfish) Act

1

Mussel Dredge Dimensions
Length
Width
Height

2.75m
2.2m
1.5m

Seed is collected once a layer of ‘mussel
mud’ has built up beneath the mussel
seed bed as this facilitates the removal of
the seed using a light dredge. ‘Mussel
mud’ is the accumulated dead shells, silt
and pseudofaeces that build up beneath
the mussel bed.
The ‘Mare Gratia’ uses four dredges, 2.2
m wide to gather seed. The dredges
comprised a heavy-duty bag within a rigid
metal frame (metal rings form the bottom
of the bag).
The ‘Mare Gratia’ can hold a maximum of
300 t on short trips but holds slightly less
(up to 250 t) on longer trips.
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Stage 2
The second stage is the cultivation or husbandry of this seed mussel over a period of 2
seasons into a market-ready mussel. The seed mussel is first re-laid at a density of 25-40 t
/ ha, on intertidal beds – that is beds that are exposed to the air at low water. This
exposure to air triggers a biological mechanism inside the animal and causes it to direct
energy into growing a hard exterior shell – which reduces the potential impact for predation
mortality. After a period of 9 months the mussels are once again moved further down the
shore to beds which are exposed less often to the air. This enables the mussels to benefit
from submergence for more of the tide (once covered by water the animal will quickly
begin to respire/feed) but also encourage the animal to place some of its derived energy
into the continued growing a harder exterior shell.
The final stage of grow out follows after another 7-9 months, where the mussels are
moved to areas that are entirely subtidal at quite high densities (up to 100 t/ha) where they
are constantly able to feed and thus maximize their opportunities for growth of shell and
internal body mass (meat). This is the stage at which the mussels will be grown in the wind
farm site from April until October.
Mussel seed is generally laid in calm conditions (low water slack neap tide). The ‘Mare
Gratia’ discharges the seed via 2 small holes (approx. 50 cm diameter) in the side of each
hold (3 holds = 6 discharge holes). Seawater is pumped into the holding tanks and used to
wash seed out through the discharge holes. The dredger is manoeuvred slowly over the
bed to ensure a thin layer of seed is deposited on the bed. The width of mussel seed
deposited on the seabed is dependent on the depth of water, tidal flow and state of the
sea. At a depth of 5-10 m, the expected spread of mussels during a slack tide and calm
seas would be around 15 m.
Stage 3
The final stage in the process is where the mussels are harvested and sold into the
market. The same light dredge used in the collection and husbandry stages is used to
harvest the market-ready mussel from the wind farm site. As with harvesting and moving
mussel seed, the light dredges do not penetrate the seabed when harvesting the marketready mussels due to the buildup of ‘mussel mud’ beneath the mussels. Harvesting is
preferred at low water slack neap tide, when the sea state is calm.
Much extensive cultivation operates on a lean basis – that is a customer, most usually
Dutch, may call up as little as 12-24 hrs. before landing asking for a consignment to be
harvested for collection by wagon. The vessel departs Port Penrhyn to the mussel
cultivation areas (called lays) returning with the 20-40 tonnes required which is then
quickly offloaded and palletised onto the waiting vehicle.
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Appendix 4(c)

Code of Practice
for
Mussel Cultivation Trial at North Hoyle Wind Farm (2010 - 2012)
Background
Deepdock Ltd. proposes to trial the seasonal (March to October) cultivation of mussels on
the seabed within two wind farm sites off the North Wales coast (North Hoyle and Rhyl
Flats) from 2010 to 2012. Working with RWE Npower Renewables Ltd., The Crown Estate
and the Welsh Assembly Government, a protocol for farming mussels within a wind farm
will be established.

Code of Practice for Safe Operation within North Hoyle Wind Farm
Operational plan
-

-

Prior agreement before entry to the wind farm site
Before operating within North Hoyle Wind Farm, an operational plan will be sent to
RWE Npower Renewables Ltd. at least 3 days prior to entry to the wind farm site.
Confirmation that the operational plan is acceptable to both parties will be sought
the day before entry to the wind farm site.
There will be no entry to the wind farm site until confirmation that the operation plan
is accepted by both parties.
An operational plan will be provided for each day of operation within the wind farm.
The operational plan will outline the work to be undertaken in the trial areas,
together with the likely access and departure times.
Operation environmental conditions
There will be no entry to the wind farm under the following environmental
conditions:
o Wind Force exceeds 20 knots (Beaufort scale 6 and above)
o Visibility is less than 500 m
o Spring tides
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Communication
Consistent with RWE Npower Renewables Ltd. Working Procedure for
Access & Egress to Offshore Wind Installations REN\WP\PROD.064

Prior to sailing
-

A Transfer List similar to appendix A will be emailed to the following parties:
o dolgarrog.control@rwe.com
o john.davies@rwe.com
o petsu@vestas.com
o sawil@vestas.com
o chmur@vestas.com
o clare.harvey@rwe.com
o xplorer@northsealogistics.co.uk
o phil@northsealogistics.co.uk
o adrian.emanuel@rwe.com

Arrival at North Hoyle Wind Farm
- Upon arriving at North Hoyle the offshore site, the skipper of the Mare Gratia (B932)
will contact RWE npower renewables control room at Dolgarrog power station on
0845 078 2922. The line connects direct with Dolgarrog Control Room.
- If the duty operator at Dolgarrog Control Room is away from their desk an
alternative, secondary, means of contacting the duty shift operator is via their
mobile phone on 07795 354693
- The skipper of the Mare Gratia (B932) will inform the controller that they intend to
carry out work as per Transfer List submitted.
- The skipper of the Mare Gratia (B932) will give the estimated time of departure.
- The information received will be recorded in the Dolgarrog Power Station electronic
site visitor log promptly by the receiving operator.
- The skipper of the Mare Gratia (B932) will make radio contact with any vessels
operating within the wind farm, and state the area in which she is about to work.
Departing North Hoyle Wind Farm
-

-

When leaving North Hoyle Wind Farm, the skipper of the Mare Gratia (B932) will recontact the Dolgarrog control room, confirming the vessel is leaving the wind farm.
If the visit to North Hoyle wind farm is expected to carry on past the anticipated
departure time, then Dolgarrog Control Room will be contacted and informed of the
new departure time.
If the skipper of the Mare Gratia (B932) does not report back in to Dolgarrog Control
Room at the anticipated departure time, the duty shift operator will attempt to
contact the person on the supplied phone number(s). If contact is not made, the
Dolgarrog emergency plan should be consulted for the actions required to escalate
the incident.
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-

-

Monitoring and recording the movement of the
Mare Gratia (B932) within the wind farm site
The movements of the Mare Gratia (B932) within the wind farm site will be recorded
via the on-board Vessel Monitoring System (VMS).
A record of all Mare Gratia (B932) movements within the wind farm site will be kept
by both Deepdock Ltd. and RWE Npower Renewables Ltd. as part of the
assessment of the code of practice.
Turbine avoidance measures
An outer GPS Geo-Fence will be set up on the Mare Gratia’s GPS navigation
system for 100m around all of the turbines. An onboard alarm will sound if the boat
enters the outer Geo-Fenced area.
Risk Assessment & Emergency Response Procedures

Consistent with RWE Npower Renewables Ltd. Working Procedure for North Wales &
Liverpool Bay Operational Offshore Installations Emergency Procedures REN\WP\BCP.014

-

The Risk Assessment and Emergency Response Procedures agreed by Deepdock
Ltd. and RWE Npower Renewables Ltd. apply to all operations conducted by the
Mare Gratia (B932) within the wind farm site
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Transfer List
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Appendix 4(d)

Deepdock Ltd
Operational Plan for Mussel Cultivation Trial at North Hoyle Wind Farm
Date of Operation:

21st July

Vessel:

Mare Gratia (B932)

Operation:

A total of 150 tonnes of juvenile mussels will be discharged from
the Mare Gratia (B932) and laid into 3 small areas (approx. 55m x
55m) of seabed within each of the 3 trial areas marked A, B & C on
the attached map.
The Mare Gratia (B932) discharges the juvenile mussels via 2
small holes (approx. 50 cm diameter) in the side of each hold (3
holds = 6 discharge holes). Seawater is pumped into the holding
tanks and used to wash seed out through the discharge holes.
The dredger is manoeuvred slowly over the bed to ensure a thin
layer of seed is deposited on the bed. The width of mussel seed
deposited on the seabed is dependent on the depth of water, tidal
flow and state of the sea. At a depth of 5-10 m, the expected
spread of mussels during a slack tide and calm seas would be
around 15 m.

Location:

The areas where the mussels will be laid are marked with a
green boundary on the attached map. Areas A & C are 300m by
300m and Area B is 360m by 250m. The mussel coverage within
each of the trial sites will therefore be around 3-5%.

Duration:

One hour per trial site. Three hours in total.

Times of entry and departure into North Hoyle Wind Farm site
(subject to confirmation on the crew list that will be circulated the day before departure)
Entry time:

0600hrs

Departure time:

0900hrs
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Map of the trial areas A,B &C within North Hoyle Wind Farm where
mussels will be laid

Coordinates for Areas A,B & C
AREA

A

AREA

B

AREA

C

53
003

25.3795N
28.0502W

53
003

25.2253N
27.4476W

53
003

25.1226N
26.6494W

53
003

25.4084N
27.7824W

53
003

25.2628N
27.1266W

53
003

25.1537N
26.3833W

53
003

25.2121N
28.0004W

53
003

25.0968N
27.4013W

53
003

24.9564N
26.5825W

53
25.2462N
003 27.7412W

53 25.1310N
003 27.0854W

53 24.9960N
003 26.3164W

Total Area:
300m x 300m

Total Area
360m x 250m

Total Area
300m x 300m

Expected mussel
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APPENDIX 5 – Project Partners and Stakeholders
Industry / SAGB

Conservation Agencies & NGOs etc.

James Wilson

Colin Charman

Deepdock Ltd. / Bangor Mussel Producers Ltd.

Marine Fisheries Advisor

Bwthyn - y - mor
Llanfaethlu
Holyhead LL65 4HD

Natural Resources Wales
Glan Y Nant, Unit 19, Mold Business Park,
Wrexham Road, Mold, Flintshire. CH7 1XP.

E-mail: jamesmussels@gmail.com

E-mail: colin.charman@cyfoethnaturiolcymru.gov.uk

Tel: 01407 730075

Tel: 01352 706629

David Jarrad, Director, SAGB

Dr Iwan Ball

Fishmongers' Hall

Marine Programme Manager (Oceans Governance)

London Bridge

WWF-UK

London EC4R 9EL

Panda House

E-mail: david@shellfish.org.uk

Weyside Park

Tel: 020 7283 8305

Godalming

Welsh Government & UK Organisations

Surrey GU7 1XR

Alan Storer

Tel: +44 (0)29 20454973

Marine Planning Officer

Mob: +44 (0)7796193240

Land, Nature, Forestry and Marine

E-mail : iball@wwf.org.uk

Dept. for Environment and Sustainable Development

RenewableUK

Welsh Government

Paul Reynolds

E-mail: mailto:Alan.Storer@wales.gsi.gov.uk

Offshore Wind Development Manager

Tel: 02920 823331

RenewableUK

Dr Rebecca Taylor

London SW1P 2DH

Senior Evidence Specialist

E-mail: info@RenewableUK.com

Marine Management Organisation

Tel: 020 7901 3000
Dr David Clubb, Director of RenewableUK
Cymru

Greencoat House, Francis Street,

Lancaster House
Hampshire Court

E-mail: David.Clubb@RenewableUK.com

Newcastle upon Tyne NE4 7YH

Clare Daly, Membership Manager

Tel: 0191 376 2555

E-mail: Clare.Daly@RenewableUK.com

Email: rebecca.taylor@marinemanagement.org.uk
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CEFAS

Sea Fish Industry Authority

Dr Neil Auchterlonie

Mark Gray

Programme Director (Aquaculture and Food Security)

P.O. Box 158 Bangor

Keith Jeffery

LL57 9AE North Wales

E-mail: keith.jeffery@cefas.co.uk

E-mail: m_gray@seafish.co.uk

CEFAS, The Nothe, Barrack Road,

Tel: 01248 605038

Weymouth, Dorset, DT4 8UB

Wind Farm Developers & Operators

E-mail: neil.auchterlonie@cefas.co.uk
Tel: 01305 206600

Paul Carter

DEFRA

RWE Npower Renewables Limited

James Turner

Auckland House, Lydiard Fields Business Park,

Defra, Aquaculture Team, Area 2C,

Great Western Way, Swindon, Wiltshire, SN5 8ZT.

Nobel House, 17 Smith Square,

E-mail: ben.furlong@rwe.com

London, SW1P 3JR.

Tel: 07795354142
Katy Woodington

E-mail: matthew.whittles@defra.gsi.gov.uk
Tel: 0207 238 5204

Ben Furlong

Senior Community Investment Officer (UK)

Bangor University

RWE Npower Renewables Limited

Dr. Lewis LeVay

Dolgarrog Power Station

Senior Lecturer, Nuffield Laboratory

Dolgarrog

Marine Science Laboratories, Bangor University

Conwy, North Wales

E-mail: oss00a@bangor.ac.uk

LL32 8QE

Tel: 01248 388115
Dr. Jonathan King

M: 07825 608095
E-mail: katy.woodington@rwe.com

Deputy Director, Centre for Applied Marine Sciences
Marine Science Laboratories, Bangor University

Dr Cathal Linnane

Menai Bridge, Anglesey LL59 5AB

Fisheries Manager at Centrica

E-mail: j.w.king@bangor.ac.uk

E-mail:Cathal.Linnane@centrica.com

Tel: 01248 713808

The Crown Estate

Andy Revill

Contact:

Commercial Fisheries Manager

Alex Adrian, Aquaculture Operations manager

Environment & Licensing UK

David Tudor, Senior Marine Policy & Planning Manager

DONG Energy

Colin Warwick

33 Grosvenor Place, Belgravia

The Crown Estate

SW1X 7HY London, United Kingdom

6 Bell's Brae

Tel (direct) : +44 (0) 20 7811 5274

Edinburgh EH4 3BJ

E mail: anrev@dongenergy.co.uk

E-mail: alex.adrian@thecrownestate.co.uk
Tel: 0131 260 6076
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APPENDIX 6 – Acronyms & Glossary (selected)
Shellfish Aquaculture in Wind Farms –
Acronyms & Glossary (selected)
Aquaculture: FAO Definition; Aquaculture is the farming of aquatic organisms: fish, molluscs,
crustaceans, aquatic plants, crocodiles, alligators, turtles, and amphibians. Farming implies some form
of intervention in the rearing process to enhance production, such as regular stocking, feeding,
protection from predators, etc. Farming also implies individual or corporate ownership of the stock
being cultivated. http://www.fao.org/fishery/cwp/handbook/J/en
BERR: Department for Business, Enterprise and Regulatory Reform
BMAPA: British Marine Aggregate Producers' Association
CCW: Countryside Council for Wales; CCW is the Government's statutory advisor on sustaining
natural beauty, wildlife and the opportunity for outdoor enjoyment in Wales and its inshore waters
(Source: CCW website).
CEFAS: Centre for Environment, Fisheries and Aquaculture Science; CEFAS is an executive
agency of Defra. “As the UK's most diverse applied marine science centre, we help to shape and
implement policy through our internationally renowned science and collaborative relationships that
span the EU, UK government, non-governmental organisations, research centres and industry”
(Source: CEFAS website).
CFP: Common Fisheries Policy
Co-location: Co-location is the act of placing multiple (sometimes related) entities within a single
location (Source: Wikipedia).
COWRIE: Collaborative Offshore Wind Research into the Environment; COWRIE is an
independent company set up to raise awareness and understanding of the potential environmental
impacts of the UK offshore wind farm programme. COWRIE Ltd. is governed by a Board of Directors
drawn from The Crown Estate, the Department of Trade and Industry (DTI), and the British Wind
Energy Association (BWEA). It is chaired by an independent member.

DECC: Department for Energy and Climate Change; The DECC website states that “this
Government Department’s key priorities are to Save energy; Deliver secure energy on the way to a
low carbon energy future; Drive ambitious action on climate change; Manage our energy legacy
responsibly and cost-effectively.”
Defra: Department for the Environment, Food and Rural Affairs; Defra is a government
department in the UK. Their website states that they “make policy and legislation, and work with others
to deliver our policies in areas such as the Natural environment, biodiversity, plants and animals;
Sustainable development and the green economy; Food, farming and fisheries; Animal health and
welfare; Environmental protection and pollution control; Rural communities and issues.”
EFF: European Fisheries Fund; EFF is managed by the Welsh Government and operates until
December 2013. It helps to promote a fisheries sector that is sustainable and profitable, and supports
strong local communities. The EFF has 5 priority areas (axes) which are Adaptation of the Community
fishing fleet; Aquaculture, inland fishing; processing and marketing of fisheries and aquaculture
products; Measures of collective benefit; Sustainable development of fisheries areas; Technical
assistance to facilitate the delivery of assistance.
EIA: Environmental Impact Assessment; An EIA is an assessment of the possible positive or
negative impact that a proposed project may have on the environment, together consisting of
the environmental, social and economic aspects (Source: Wikipedia)
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EIS: Environmental Impact Statement; An EIS is the information provided by the Developer to the
Competent Authority as part of an EIA.
EMS: European Marine Site; EMS are marine areas which are designated as Special Areas of
Conservation (SACs) under the Habitats Directive and Special Protection Areas (SPAs) designated
under the Wild Birds Directive (Source: Defra website).
FEPA: Food and Environment Protection Act 1985; An Act… to replace the Dumping at Sea Act
1974 with fresh provision for controlling the deposit of substances and articles in the sea; to make
provision for the control of the deposit of substances and articles under the seabed…Now replaced by
The Marine and Coastal Access Act 2009
FLOWW: Fishing Liaison with Offshore Wind and Wet Renewables Group; The FLOWW Group
meets three times a year with the aim of fostering good relationships between the fishing and offshore
renewable industries.
ICES: International Council for the Exploration of the Sea
IFCA: Inshore Fisheries and Conservation Authorities
IMP: Integrated Maritime Policy; The EU’s Integrated Maritime Policy seeks to provide a more
coherent approach to maritime issues, with increased coordination between different policy areas. It
focuses on Issues that do not fall under a single sector-based policy e.g. "blue growth" (economic
growth based on different maritime sectors); Issues that require the coordination of different sectors
and actors e.g. marine knowledge.
JNCC: Joint Nature Conservation Committee; Adviser to the United Kingdom Government on
nature conservation issues (Source: JNCC website).
MCU: The Marine Consents Unit; The MCU acts as a "one stop shop" for marine licensing in Wales.
The MCU issues Marine Licenses under Part 4 of the Marine and Coastal Access Act 2009 (MCAA).
From 6th April 2011, these Marine Licenses replaced a number of licensing regimes under the Food
and Environment Protection Act 1985 (FEPA): Part 2; Coast Protection Act 1949 (CPA): Section 34;
and Environment Impact Assessment (Extraction of Minerals by Marine Dredging) (Wales)
Regulations 2007 (Source: MCU website).
MCZ: Marine Conservation Zone; The Marine and Coastal Access Act 2009 (Part 5) enables
Ministers to designate and protect Marine Conservation Zones (MCZs) in English waters. These are a
type of marine protected area, which will exist alongside European marine sites (Special Areas of
Conservation (SACs) and Special Protected Areas (SPAs)), to form an ecologically coherent network
of marine protected areas. Similar schemes are operating in Wales and Scotland so the result will be a
UK wide network of Marine Protected Areas (Source: Defra website).
MMO: Marine Management Organisation; The MMO has been established to make a significant
contribution to sustainable development in the marine area and to promote the UK government’s
vision for clean, healthy, safe, productive and biologically diverse oceans and seas. An NDPB
established and given powers under the Marine and Coastal Access Act 2009. This ground-breaking
act brings together for the first time key marine decision-making powers and delivery mechanisms.
The MMO has incorporated the work of the Marine and Fisheries Agency (MFA) and acquired several
important new roles, principally marine-related powers and specific functions previously associated
with the Department of Energy and Climate Change (DECC) and the Department for Transport (DfT)
(Source: MMO website).
MPA: Marine Protected Area; MPA describes a wide range of marine areas which have some level
of restriction to protect living, non-living, cultural, and/or historic resources. In the UK, MPAs have
primarily been set up to help conserve marine biodiversity, in particular species and habitats of
European and national importance. The main types of MPA in the English waters are Special Areas of
Conservation (SACs) for habitats of European importance, Special Protection Areas (SPAs) for birds
(also known as Natura 2000, or N2K sites), and Marine Conservation Zones (MCZs) for nationally
important habitats and species. These sites will form an ecologically coherent network of marine
protected areas (Source: Defra website).
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NE: Natural England; NE is an Executive Non-departmental Public Body responsible to the Secretary
of State for Environment, Food and Rural Affairs. NE’s purpose is to protect and improve England’s
natural environment and encourage people to enjoy and get involved in their surroundings (Source:
NE website).
NFFO: National Federation of Fishermen‘s Organisations
RenewableUK; Formerly named BWEA, RenewableUK is the trade and professional body for the UK
wind and marine renewables industries. Formed in 1978, and with 678 corporate members,
RenewableUK is the leading renewable energy trade association in the UK (Source: RenewableUK
website).
SAC: Special Area of Conservation; See MPA.
SAGB: Shellfish Association of Great Britain; The SAGB is the industry’s trade body based at
Fishmongers’ Hall, London. Membership is composed of shellfish farmers, fishermen, fishermen's
Associations, processors, commercial traders and retail companies including restaurants, many of the
Inshore Fisheries Conservation Authorities, organisations such as Seafish, academics, scientists,
consultants and anyone with a passion for shellfish. First founded as the Oyster Merchants’ and
Planters’ Association in 1903, and renamed the Shellfish Association of Great Britain in 1969, the
association has steadily extended its range of activities from “harvest to sale” in over a century of
support to the industry (Source: SAGB website).
SEA: Strategic Environmental Assessment; SEA is a systematic decision support process, aiming
to ensure that environmental and possibly other sustainability aspects are considered effectively in
policy, plan and programme making (Source: Wikipedia).
SFIA: Sea Fish Industry Authority; Seafish was founded in 1981 by an Act of Parliament and
supports all sectors of the seafood industry for a sustainable, profitable future. It is the only panindustry body offering services to all parts of the seafood industry, including catching and aquaculture,
processors, importers, exporters and distributors of seafood and restaurants and retailers. Seafish is
funded by a levy on the first sale of seafood landed and imported in the UK. It aims to support and
improve the environmental sustainability, efficiency and cost-effectiveness of the industry, as well as
promoting sustainably-sourced seafood (Source: Seafish website).
SPA: Special Protection Area; See MPA.
SSSI: Site of Special Scientific Interest; SSSIs are the country's very best wildlife and geological
sites. They include some of the most spectacular and beautiful habitats; wetlands teeming with wading
birds, winding chalk rivers, flower-rich meadows, windswept shingle beaches and remote upland peat
bogs. There are over 4,100 SSSIs in England, covering around 8% of the country's land area. More
than 70% of these sites (by area) are internationally important for their wildlife and designated as
Special Areas of Conservation (SACs), Special Protection Areas (SPAs) or Ramsar sites. Many SSSIs
are also National Nature Reserves (NNRs) or Local Nature Reserves (LNRs) (Source: NE website).
TCE: The Crown Estate; TCE manages virtually the entire seabed out to the 12 nautical mile
territorial limit, as well as around half of the foreshore. TCE’s role is to manage and enhance the value
of the Crown’s coastal assets. This includes issuing licences or leases for aggregates, aquaculture,
and cables and pipelines (Source: TCE website).
WFFA: Welsh Federation of Fishermen’s Associations Ltd.; The WFFA is the umbrella
organisation and representative voice for the four Fishermen’s Associations in Wales and through
them, the inshore fishing industry (Source: National Assembly for Wales website)
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