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Competing demanébr landis driving biofueland bioenegy researchin various directions including
macro-algae (seaweedhis paper reviews the main issues the marine environment cultivating
andharvestindJK and Irish seawed for biofuels/bioenerg, informedby stakeholdeiinterviews. These
showed stakeholdes were scepticalof an offshore cultivation industry developiryt generdy
considered inshre cultivation possiblewhile noting various practical obstacles aoohditions. Views
on expansionof seawed harvesting wee more divided, with research scientists being reddtiv

& 2012 Elsevieltd. All rightsreserved.

1. Introduction

The large-scale increase demandfor biofuel and bioenergy
has resultedin the emergenacd a wide varietyof environmental
and socio economic concernkhe greenhouseas saving asso-
ciated with many biofuel systems could negatedby the
indirect carbon release through land-use change assowiilted
brining grasslandr forest into cultivation[1-3]. More specifi-
cally, the growthof terrestrial crop$or biomasgequiresthe use
of significant amountsof land and water and can haveimplica-
tions for both biodiversityfood production and landscapé,5].
Furthermorejf biofuel production continue® grow at current
ratesit is likely to presentan enormous challengf®r global
governancg6]. Consequently the searchon for more sustain-
able alternativesOne optionis the utilisatiorof marine biomass.
However, researchnd developmenfor a marine bioenergsnd
biofuel industryis still
environment represents numerous challemgesrms of tech-

nology, working practices and governance. Moreover, wahile
numberof studies have explored the technical and environmental

aspects of macro-algaefor bioenergy [7,4], there is very

challenges associated with the developmé&atmarine biomass
industry withfuel as anintendedenduse.

Given thee chalenges, this paper reviers the prospects$or
developinga marine biomass indust in the UK and Ireland,
informed by stakeholder interviews It identifiesa numker of key
barriers relad to the governance andse of marine biomass
which would needto be overcome should the sectm considered
potertially commercially viableThe methods usedra literature
review and semi-structured interviews thwvistakeholdes ard
reseachers in Southern Ireland carried outin May 2010. The
interviewees camedm a rangeof backgrounds: industriesready
utilising seawed resource, academia @d governmat agencies.
The interviewees were sele&d to inform issuesmping, not to
provide a fully representative seof opinion sources In the
following sectiors, we introduce the ma issues ra&vantto the
progpects for a marine biofuels/bioenergy seat in Ireland ard

in its infancy. Furthermore, the marine the UK.

Sourcing marine biomass

litle work on the potential public acceptance and governance There are essentially two wayf obtaining marine macro-
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algae: harvesting natural stocks cultivation. Thereare a
numberof mechanical options availabler harvesting naturally

occurring stocksof seaweed; however, serious concerns exist

regarding environmental damage. Consequentlghe UK and
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Ireland, mechanical harvestilgs beenoutlawed andll current impact; and governance and regulatidme extentto which
harvestingis donein a traditional manneby hand.In terms of these factors impact upon cultivatioam in turn influenced by
cultivation, a range of techniquesare available (see below). factors suchas the speciesf seaweed selectethe method of
However,at present seaweeld not being commercially culti- cultivation, the selected location and the wider economic factors
vatedin either theUK or Ireland. Nevertheless, seaweed cultivato which all renewable energy technologie® subject, such as
tion has along history globallyandis currently producedh large expectation®f fossil oil pricesand changesn regulation.

volumes acrosfsia and America. Four approachesto seaweed cultivatiorare currently the
subjectof significant researchin termsof their feasibilitywithin
2.1. Harvesting naturastocks of seaweed the British and Irish contexts: inshore Cultivation; inshore culti-

vation integrated with other aquaculture activities; offshore

At presentthe kelp harvesting industry arourttie British Isles cultivation and offshore cultivation attachetb wind farms. In
is relatively small despite theteeingsignificant numbersof kelp ~ the following sections the advantages and disadvantdgesch
bedsaround the westoastof Ireland and Scotlan@]. The kelp are assessed.
species naturally occurring around tb& are also themselves
relatively small(up to 3m in length), with the main species 4.1. Inshore cultivation
including: Laminaria digitata (Oarweed; Tangle), Lamin&per-
borea (Curvie), Laminaria ochroleuca (Bachedet la Pylaie) and At present, inshore cultivation represents the most feasible
Laminaria saccharina (Sugarwrade). and cost effective approado producing marine biomasshis is

The mainbenefits of harvesting, relativé cultivation,are that dueto arangeof technical and economic factors, sush use of
the costsare much lower. Furthermore harvestiigs been relatively sheltered sites protect the crop from storm damage
provento be a successful method across Eurdge other algae and strong currents, easfeaccesdor monitoring and harvesting
industriesIn fact severalof the stakeholder interviewees were of andlow transport costs. Sporelings coirdprinciplebe grown on
the opinion that algae cultivatiom Western Europé& unneces- an industrial scalendsold as a readyto deploy product, reducing
sary dueo the levelof natural availabilityA representative from the cost associated with small scale productlonshort, the
a seaweed processing company commented that ihprgential  activity is technically feasible, shoul@ viable returnon the
to obtain much more than their current annual haroe82 kt investmentbe judged likely.
wet (8 kt dry) on the Galway coastline, taking 4 year rotation However, inshore cultivatiors far from risk free. Evenwhen
into considerationto minimise the ecological impacts. This careful consideratiohas beengivento site selectionthe weather
individual wasalso of the view that the algae marketcurrently and sea conditionscan presenta considerable problem; pilot
saturated, such that harvédat fuel would not impact current projectsin Ireland have suffered several occasiohdides and
consumers. However, concerns were raisedepresentatives of currents washing the long lines awgy]. Furthermore, even
conservation bodies regarding the sadl@arvesting that would with the minimal transportation costs associated with inshore

be requiredfor biomass productiofor fuel. cultivation, thereis concern thait will not prove economically
viable unless the biomass production, procesaimtyse areon a
2.2. Cultivating Seaweed small, localised scal&he scaleof productionis a major issue with

inshore cultivatioras the available shoreline limited and much
Of approximately200 speciesof seaweeds used worldwide, Of it is protectedby legislation aimedat conserving the marine
about 10 are intensively cultivated[7]. The kelp Laminaria €nvironment whilsin otherareasa newuse may causeonflict
japonicais currently the most important, with2 million tonnes  With existing stakeholders.

cultivated mainlyin China[8]. World productionof seaweeds was  Despite these challengésseems thatat leastin the first
some8 million tonnesin 2003[7,10]. OutsideAsia, the USA, Chile,  instanceany attemptto upscale seaweed cultivatider marine
Canada and some European countries have been among tHdgeasswill focus on developing inshore productioms Kelly
attemptingto establish large-scale seaweed cultivdfigil—13].  €tal. [4] commentsall modernday commercial production and
Below we review someof the main management issuasse harvesting methods, including the vast tonnages produced in
ciated with cultivation. China, are grown inshoreand on long line systems.This was

supportedby all the experts interviewefdr this researctand is
summarisedy one of the research scientists:

3. Attributesof the marine environment . .
Importantly, without successful demonstratiasf the use of

inshore cultivatiorfor biofuel production,it is unlikely that there
is chanceof the adoptionof offshore techniquesThere is a lack of

dataon trials of large scale cultivation for biomass leadg to alot of

uncertaintyard a ladk of enthusiasm tgroceedwith projects. If

techniquesdo mow offshoe with the encouragementf successfu
inshorecultivation, these insha sites need nat becone otsdete as
thereare plenty of alterrative uses for the maao-algae.

The differences between marine and terrestrial ecosystems
have beenreviewedby a numberof authors[14,15-17]. These
reviews havaill been conducted within the contextconserva-
tion rather than the developmentbiofuels. However, many of
the principlestill apply.Table 1takesJones’s (2001) summary of
the ecologicahnd management differences between terrestrial
and marine environmentand then adapts this, with view to

identifying implicationsfor the developmernif marine bioenergy.
4.2. Integrated aquaculture

4. Cultivation challenges As outlined aboveinshore cultivation currently appeas be

the most feasible approadtr seaweed -cultivationThat said,

As discussed abovéf, marine biomasss to makea serious ensuringthe economic viabilityof the crop and finding appro-
contributionto fuel supply, artificial cultivationwill be essential. priate sites whictdo not conflict with other stakeholders still

Cultivation is predominately affectedy four factors: economic represents significant challengeOne possible wayto mitigate

feasibility; practical consideratis (i.e., whetherit is physically against at least son® these problems mape to combine

possible to cultivate seaweedn a locality); environmental seaweed cultivation with other fornd aquaculture. This
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Ecologicaland management differences between terrestrial and marine environments.

Difference between marine and terrestrial ecosystems

Implicationsfor marine biofuel development

Ecologicaldifference
Scale — Marine ecosystems tertd be much larger, with lessell defined
boundaries.

Connectivity- Areasthat are spatially separatedre more likelyto be
functionally connectedn marine ecosystems.

Variability — Biologicalcommunities irthe marine environment tenh exhibit
particular variabilityor discontinuities du¢o a combinatiorf biotic, abiotic
and anthropogenic factors, the interaction between waretincreasedy the
connectivityof the marine environmeifit9].

Management differences
Naturalness Marine ecosystems are generaituralin management termis)

that they are rarely the resuoitpositive human interventiomn contrast, some

terrestrial habitats considerambeof high conservation value,g., moors,
lowland heaths and meadows, are semi natordlat positive human
interventionis necessaryo preserve thenm their modified state[20].

Limited scientific knowledge base Our understandingf the structure and
functionof marine ecosystenis poor comparetb thatof terrestrial
systems.

The multiple use ofcoastal seas Onland different activities tentb occurin

It may be difficult to wholly contain the productioof seaweedn a designated
area. This could potentially lead wider ecosystem change, suadthat arising
from invasive species, population spikes (g@oazers) and chemical control
measures.

The connectivity makes predicting any negative impattseaweed cultivation
significantly harder. There are numerous exampleBow an interventionin the
marine environmentanhavean unpredictable impaain distant ecosystems
e.g., the indirect linkagef Alaskanoverfishing to kelp nursery losand further
fish stock depletiorvia a causality chain linking seals, sea lions, killer whalea,
otters and sea urchifis3].

The effectof introducing an alien speci@sdifficult to predict and consequently
managehe impactof. Furthermore, even cultivatiasi naturally occurring species
may alterthe naturalbiotic balanceof an ecosystem with unpredictable
consequencefsr the wider ecosystem.

The introductionof seaweed cultivatiois unlikely to have a positive impaacin
inshore ecosystems. Howéwambined with other fornts aquacultureif may
mitigate against som# the negative effects fish farming.

The limited scientific knowledge possessed about bibté cultivation and
harvestingof marine biomass coupled withpor understandingf marine
ecosystems makes decision making regarding theirabte developmeruf
marine biomass problematic. Consequeiitlig,likely that in countries with well-
developed environmental legislation, the precautionary principldwiapplied
when creating a legislative frameworlke applicationof the precautionary
principle has alreadled to the banningf mechanical harvestingd seaweed in
theUK and Ireland. Without reliable datan the potential impacif cultivationon
natural ecosystenisis likely that legislation surrounding the cultivation of
seaweed wilbe equally cautious.

At first glance the marine environment may appedre immense. Howevethe

dedicated areas, interactions between whictbeamanaged with relative ease; majonfyusers.e.g., commercialfisheries, fish farms, gravel extractorsjl and

conflicts are generally basesh competition between different users, e.g.
agriculture and conservation. Disputes can offteresolvedat a localor
regional levelln contrast, inshore sease characterisetly a growing industry
anddiversityof multiple users within the sanszea,with different societal
sectors perceiving such ecosystambe valuablein different ways, often
leadingto conflict.

The Alien natureof marine ecosystemsFor humansto undertake any kind of
activity in the marine environment highly specialist and often expensive
equipmentis required. Addo this the challenges poséy unpredictable
weather and sea conditions, workinghe marine environmemanbecome
logistically verydifficult.

gasindustries, recreational users, renewable energgldeers, arall competing
for spacein the relatively limited coastal seas area. Consequénding spaceo

grow a commercially viable amooinseaweedor biomassis likely to be
challenging and could potentially create furthenflict between marine
stakeholders.

The specialist equipment requiréol setup, maintain andnonitor marine
biomass production means cost Wil significantly higher thanfor land based
developments. Furthermotbe unpredictable naturef the marine environment
means that theraresignificant risks. Making marine biomadgmancially viable
may limit cultivationto sheltered inlets only.

approachnot only offers the opportunity improve the economicviability. All agreed that theris still a great deabf uncertainty

feasibility of cultivation and providea possible locationit also
potentially offersa rangeof other benefits to thelocal environ-
ment and aquaculture industry.

regarding the cosif integrating macro-algae into existiagua
culture sitesand whether the outlay would justify tlimancial
return. Concerns weraso raised about the scabé production

Existing fish farm sitesare likely to have been chosen taking that wouldbe possible.The large amountf algae required for
into accountthe lowerrisk of weather damage and with waterbioenergyis likely to outsize theareaavailablearoundthe fish

conditions that wouldbe mutually beneficial for the algaeand
fish. Integrated seaweed cultivation wifikh farming also offers
the possibilityof using the seaweea$ aform of bioremediation
against the nutrient rusff from thefish farm.In a cited example
from Chile, a study using rope culturesf Gracilaria chilensis
showed that macroalgae cultivated witHib m a fish farm
hada growth rate40% higher than growtii50 m to 1 km away,
and monitoringof the watersaroundthe farmalso showed
little impact from the runoff[21]. The majority of experts in

Irelandbelieved that this walsy far the most feasible approach,

especially dueto the bioremediation effectd the algae, the
possibility of using somef the seaweetd feed backo the fish
and the possibilityof additional financial return for existing
farmers.

However, despite these potentiaknefits, interviewees were
still cautiouslIn particular, concerns were raisadouteconomic

farms as the fishers would needto maintain acces® the fish
pens.lt is unlikely a single fish farmer could produce enough
seaweedfor a viable bioenergy project. Consequenty co-
ordinated efforivould be requiredby a numberof separate local
fish farmers.

4.3. Offshorecultivation

The primary advantagef offshore cultivationis that there is
far less competitionfor space; although consideratistill has to
be given to ensuring navigation channelse not disrupted.
Chynoweth[22] summarises theesultsfrom a numberof tests
offshore of North America, regarding variety of methods for
offshore cultivation. These included fréleating cultivation sys-
tems (dynamically positioned) ships) and systems anchoted
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the seabedr buoys. The problemsidentified were in many
respects similarto the challenges identified with inshore
production,but were further aggravatedy the lack of shelter

T. Roberts,P. Upham/ Marine Policy 36 (2012)1047—-1053

* Wind farm companies mayot be willing to investin marine
biomassor allow othersto use their infrastructure (Govern-
ment Official).

andevenmore extreme weather conditions experienced offshore.

A typical problem was that anchors weéeet, causing the line
systemto get tangled. Circular ring structured5 m diameter)
werealso tested, and fount be well-suitedfor the cultivation
of Macrocystis (kelp) [7].
as Sargassuma numberof tests have been carriedit (with
limited success)f floating cultivation surroundedby a structure
intendedo keepthe seaweedonfined. This could potentally lead
to significant cost-savings compared line-based system&].
One of the challenges providing fertilisationfor the culti-
vated macro algae, andurtificial upwelling of nutrients was
demonstratetb work with two 0.2 ha grid structuresn Califor-

In addition, a report from Sustainable Energy Ireland (SEIl)
notes thatat presentit is not known whether the levels of
salinity, turbidity and other conditions surrounding wind farms

For floating seaweed species suchwould be ableto support productive algae productisa further

researchs required[21].

5. Environmental impacts

The magnitudeof the environmental impactdé macro-algae
cultivationor harveswill largely depenan the chosen methods,

nia [21]. However,the research scientists interviewed were nothesize of the affected area and the demograptfitke seaweed

convinced that this coulgk recreated cost effectivetyn a larger
scale. Maintenanceof sites wouldbe a lot more difficult as
transport costs, greenhoug@s emissionsand poor working
conditions would havée be factoredin. As with inshore cultiva-
tion, beforeany firm conclusionsan be drawn, large scale pilot
operationsare requiredto assesghe impacts, yield and cost
effectiveness.

Aside from the above, therbas been relatively little research
into offshore cultivation and there was little suppfort the
concept from the experts interviewed, primarily dwe the
technical challenge$n short,all of the additional considerations
highlightedin Table lrelatedto operatingn the marine environ-
ment are magnified when working offshoreln particular the
limited scientific knowledge basés evensmaller, making pre-
dicting the potential impacbf cultivation significantly less

reliable. This was highlighted many times during the interviews,

with one of the researchscientists observingl’m not convinced
the technologyis thereto go offshore, very, venfittle work hasbeen
done.

4.4, Offshore wind farmcultivation

In recent years several projettavereferredto the potential
of developing aquaculture facilitiés conjunction with offshore
wind farms. Using wind turbineas structureson which to base
seaweed cultivation, potentially offesgnificant benefits over
the developmerdf new, purpose-built structurg$1-1322]. The

population.In addition, thecarbonemissions from transporting
the algaeto the processing plantpven drying the algae for
processingand maintenanceof the crop and associated equip-
mentall needto be considered. Clearltthe greater the distance
between the cultivation and processing sites the higher the
carbon emissionwill be. Nonetheless, scopirde cycle analysis
doesindicate thatuse of macro-algador the productiorf biogas
for power and heatia anaerobic digestiocan leadto substantial
greenhousegas reductionsin the orderof 78-91%°. Another,
factor whichneedsto be taken into consideration the disposal
of post processing residuess the SEIl report points outlandfill
disposal would notbe sustainable[20]. That said, it may be
possibleto recover nutrients from the residutesfertilise culti-
vated algae, creating ‘closed loop’ nutrient life cycle and
reducing the neefdr waste disposdPR1].

In termsof the environmental impacté the specific cultiva-
tion and harvesting methods, only very limited wollks been
done,consequentlyas pointed outby severalbf the interviewees,
it is essential thaa precautionary approadhk adopted regardless
of the method used.

5.1. Cultivation

A numberof general concerns regarding the -cultivation of
seaweed have beeadentified. Of particular importances the
selection of speciesfor cultivation: in the absencef under
standing the likely broader impaait macro algae productioa
precautionary approach woul to only cultivate indigenous

experts interviewedlso indicated that this approach was WOFThySpecieso minimise therisk of disruptinglocal ecosystems. Using

of further investigation.

Notably, maintenance costs mbg reduced with integration
of wind farm and offshore cultivatioras it maybe possible to
schedule routine maintenanafecultivation infrastructure along-
sidethe maintenancef the wind farmOne of the government
representatives intervieweadko noted that wind farm locations
are alsoalready well monitorednd surveyed:

Yy what people haveproposedis basically backpackingoff the
existingoffshore wind farminfrastructure, furthermoré, may be
one of the waysto get aroundthe socialacceptancef the offshore
aquaculture

However, the expertalso identified a numberof challenges
that wouldneedto be overcome:

* The needfor accesgo the wind farm may leath areduction
in crop yieldsas supply channels wouldeedto be kept open
around the turbines (Governme@fficial). At the very least,

indigenous speciess not the only factor which needs be
considered andill not guarantee thai disruptionwill occur.
For instance, considerationeedsto be given to the size of
aquaculture developmeniavo of the research scientists pointed
outif the areacovereds too largeit may havean impacton the
hydrodynamicsof the area,increasing theaisk of monocultures
spreading pests and disedseaddition,if the amounof algae in
the ecosystens increased, theravill be a higher chance of
eutrophicatioras the algae decomposes.

It is also worth noting that manygf these potential environ-
mental impacts maye mitigatedif cultivation occursin con-
junction with fish farmsand other typesof aquaculture. There
was a consensus amongst the interviewees that this technique
represents the most promising waydeveloping the technology
in the near future, due the bioremediationf nutrient run off
from the fish farms by the algae. Moreover, the nutrients
remediatecby the algae would leath increased yieldf algae.
One of the research scientists went even further, suggetstatg

ensuring access whikat the same time using wind turbine the cultivatiorof seaweed arounfdh farmswould actuallybe far

installationsas mounting pointdor lines will
zoning.

require careful

more environmentallyeneficial thanif cultivationdid not occur
atall. Furthermoreijt looksincreasingly likely thain the future
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fish farm developmentswill be required to demonstratea
nutrient remediation strategy before licenaesgranted- this
is already the case Denmark.

5.2. Harvesting

At present the impaaif the harvestingf wild stocks of
seaween the Westcoastof Irelandis likely to be minimal, as
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sustainable and economically viable marine biofuels industry.
This was highlightedy the frequentlyquoted examplef a local
cosmeticscompanywho importedhuge quantitiesof Lithothan-

lium from Iceland, despités local abundance.

The European Habitats directive which initiated the designa-
tion of Marine Special Areasf ConservationfMSACs) represents
the biggest governance challengeboth the inshore cultivation
andharvestbf seaweedMSACs dominate the coast Ireland and

handcutting methodsre used rather than dredging technologiesProvide essential protectian marineand intertidal ecosystems.
However the representatives from industry currently exploitingHowever the legislationalso makes gaining permissidior new

seaweed resourcedf agreed thatf harvested seaweesl to be
usedfor biofuel productionjt would notbe economically viable
to rely solelyon handharvesting. Thers somedebateregarding

the environmental impaof mechanical harvesting: the techni-

queis currently bannedh theUK andirelandbutis usedin other
partsof Europe suchas France and Norwayn both France and
Norway seaweed harvesting heavily regulated with onha
limited numberof licences granted each yed&r. Norway, the
legislation goes further requiring aretas be left fallow for six
years between harved23].

There was a consensus amongst the

activities and developments(regardlessf their environmental
impact) extremelyifficult to obtain.Any plan/project which may
affect the integrityof the MSAC has to bethoroughly assessed
through a comprehensive survey approvéy the statutory
conservation agencyt the impactsare found to be significant,
the plan/projeatan only go aheadf thereare no alternativesr if
thereare imperative reasongf overriding public interest (these
can include socialand economic consideratiordnd an appro
priate compensatory habitaas been createdn recent yearsa
numberof attemptshavebeen madé gain permissiorior small

interviewees th&cale seaweed cultivation trials, but théseebeen deniednd

mechanical harvesting wouldavea greater impact than hand describedas ‘development by stealth’. That said, two of the

harvesting, but that the impacts wouldt be as damaging as

occurs through the dredging usedther aquaculture industries,

suchas scallop fishing, as dredging would nobe used and the
rocky sea floor where algaés harvested wouldot be destroyed.

expertsdid suggest that gaining permissifan cultivation trials
mightbe significantly easierf they were integrated with existing
aquaculture developments.is also worth noting that the vast
majority of governance challenges predominately affect inshore

Intervieweesalso agreed that the evidence from Europe sugges¥éaters: mosbf the protected areas around both the lesd

that mechanical harvesting couild principle be undertaken
sustainably, providingt is properly regulatedThat said, they

British coastline occur betweehand12 nautical miles fronthe
shore. Consequently, frora purely legal perspectiveif not a

also madeit very clear, that despite the positive evidence fronRracticalone, it maybe preferableto cultivate seaweed further

Europe, extensive trials and monitoring wobldrequired locally
beforea sustainable harvesting policy could developed.

6. Governance challenges

There are a significant humber of technical, economic and
practical challenges associated with the developwfesmntarine
biofuels industry. However, ther@as a consensus amongghe
interviewed stakeholders that, with more researuthadditional
funding, the majorityof these coulde overcome.They were far
more pessimistic about the situatiarrelationto the governance

challenges thasare currently hampering both the cultivation and

harvestof seaweedAll the experts agreed thatignificant shift
in legislationand attitudes towards algae cultivatierequired if
thereis to be anychanceof a biofuel industry basedn marine
biomass within the next0-15 yearsTwo central problems were
perceivedas preventing the further developmefitthe seaweed
industry in Irelandand the UK: legislative restrictions imposed

from Europe anda lack of knowledge and awareness amongst

policy makers.

At presentt is extremelydifficult to obtaina licencefor any
type of marine aquaculturén the Irelandor the UK, due to
concernsabout the environmental impact and tleestof con
ducting a full environmental
cultivation and(to alesser extent) harvebeingrelatively benign
comparedto the other type=f aquaculture, itis currently
governed under the same legislatasnother, potentially more
damaging typesf aquaculture, sucss fish farming. There waa
consensus amongst the experts that legislation shealdapted
to includea separateclassification for seaweed cultivation, mak-
ing it easieno obtaina licence; howeverat presentthis seems
unlikely.

All the experts agreed that the blanket barithe use ofall
mechanical harvesting technologies veashajor barrierto the
expansionof the seaweed industgnd the developmentf a

offshore.

The expertsalso noted that they thought tHack of knowl-
edge and awareness surrounding the potentisdeaweedin
generaland more specifically marine biomass meant that policy
makers were nervous the issueandhenceunwilling to engage
in the debateFive of the experts explicitly stated that they
recognised that they neé&d put more effort into communicating
with policymakersand into ensuring that policymakehnsad the
bestand mostup-to-date information with whicko inform their
decision makingThe generally pessimistic views the govern-
ance challenges associated with the developménmarine
biomass were summenp by one of the experts:

“I believe that aquaculturis too intrusivein the marine space,
visually, from the point of navigation,from a point of fishing,
tourism. It’s too intrusiveto ever be allowedto be developedto
extentat which it would be commerciallyviable, especially for
biomassissues becauseyou need a big volume 3y mechanical
extraction will never be authorised in Ireland’’(Industry
representati®)

7. Socialand public perception challenges

impact assessment. Despite algae

Thereis a sizeable bodyf literature highlighting theole of
public perceptionsin the contexbf low carbon energy technol-
ogiesanda developing literaturespecific to public perceptions of
marine energy technologig24-27]. Ironically it is, at least in
part, concern about public opposition thhas ledto the growing
interestin the developmerdf marine based technologies, which
are by their very nature removed from centrefs population.
However, the marine-focussed studies indicate that public per-
ception issuesan still be important, particularlyn relationto the
impactof new developmentsn seascapes, navigatiamd marine
environmental quality24,2527-29).
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To date very littlehas been written specifically about the
social/public perceptions challenges associated with ebpagn
the seaweed industfgr the developmenif marine biofuel or
bioenergy. Howeverall the experts interviewefbr this study
haveextensive experience workiig the communities whichre
likely to be impactedby any expansiorandwere ablgo offer an
insightinto someof the issues which may arise. Furthermadles
existing literatureon other marinelow carbon energy also
providesan insightinto possible areasf concern.

It was notedn numerous occasions thiaitsignificant levels of
public opposition wereto occur in responseto the further
developmenbf the seaweed industry, this was lik&dypredo-
minately affecdevelopmentsvithin inshore waters which would

be visible from the land and could potentially impact othenew technological applicationer

marine users.

In terms of visual impact, the expertsll agreed that the
impactof cultivation on seascapewould be very similarto the
mussel farms that already existhe waters around Scotlam@ehd
Ireland. Furthermorea numberof the experts commentgtdat
‘smart farm’ technology couldbe employed which would sig-
nificantly reduce the numbeosf buoys visible from shore.Evi-
dencefrom studiesof public perceptionsof energy technologies
in the marine environment indicate that this mightmportant,
as concernshave previously been raised regarditizge use of
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fishing and reed cutting. Becoming economically involweidh
seaweed production masiso be a welcome extra source of
incomefor fish farmersand couldbe relatively simpleto set up

if pre-cultured lines coulbe supplied readyor use. However,it
would also be necessaryo consider thecostand time needefbr
maintenance, along with the inconvenientdhaving restricted
accesdo thefish pens.

On balance, there was consensus amongst the expehat
the ‘positive’ communitybenefits which could arise from the
developmenbf a marine biomass industrwould outweighthe
potentially negative public perception challeng&bat said, it
was also noted that many membenos the fishing and algae
harvesting communitgre traditionalists and malye very wary of
their environment. Conse-
quentially, open communication between the developertiaad
local community froman early stage woulde essentialf new
developments wer® be approved withouthavingto overcome
local opposition.

8. Concludingcomments

Thereare considerable practical obstactestheuse of marine
biomassfor biofuels and bioenergys production moves further

lighting and buoy markers usedo delineate exclusion zones from the shore, the technical challenges amplified, though
around installations. These may disturb place attachments lggislative compliance problems may decreaSsove all, the
visible fromthe shore[24]. relative availabilityand price of alternativefuel options, andhe
Possibly hardeto mitigate againsare the impact®sn naviga- policy frameworks that shape thesél remain stronglyinfiu-
tion, one of the most controversial issues arising from th&ntialon the prospect®r a sector that th&K andlrelandhas yet
consultation processn the Cornish WaveHub (a seabed-based to commercialiseThis paperhas scopedhe main practical policy

electrical interconnectornj Southwest England wake potential
impacton navigationin the area,for which thereare numerous
influential maritime stakeholders includinthe Cornish Fish
Producers Organisatiand the Chambef Shipping and Trinity
House (the General Lighthouse Authoritygp]. Furthermore,
other studieshave demonstrated that closing areasfor off-
shore wind farmsas causedsignificant conflict with the fishing
industry.In particular compensation appeaosbe aparticularly
difficult issueto solve as fishers and offshore wind farm devel-
opers oftenhad contrasting viewson the form and level of
appropriate compensatioas well as on the consultation process
through which this was achievedresultingat timesin fierce
distrust andconflict [30]. Although it is not anticipated that
seaweed cultivation would creats much disruptionas the

issues, informedby a rangeof opinion, as a complementto a
growing literatureon the technical aspectdé macro-algae culti-
vation and processindor fuel. Of the options considered, inte-
grating long-line seaweed cultivation witlish aquaculture for
subsequent anaerobic digestion rhayhe mosenvironmentait
benign.By contrast, mechanical harvesting remains contentious,
with academic researchers cauti@umsl views divided.
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installation of wind farms, the experts interviewed anticipateds in pat an outputof the projet “Path Dependence an&ath

that at least someconflict with other maritime stakeholders
shouldbe expected.

Despite these perception challenges, the developnieat
marine biomass industry does potentiadf§er a number of
benefits for coastal communities, notabjgb creation and busi-
ness opportunitiesThis would likely prove welcome, providing
the otherconflicts referredto abovecan be managedas rural
coastal communitiesave typically suffered economic problems
as a resultof decliningfishing industries. Indeed numberof the
stakeholders commented that the potertiatreatejobs and
develop new seaweed-based industhigssthe supporbf many
MPs in the Irish parliament, who have expressed frustraidhe
bureaucratic naturef the application procedsr algae cultiva-
tion and harvest.

While one of the research scientists pointedt that many of
the newjobs would onlybe seasonal, other experts suggesiés!
may not necessarilype a problem,as many peoplén rural coastal
communitiesstill rely on the traditional Longshore econoraynd
changegobs with the seasors any case.Similarly, workingin an
expanded seaweed industry would likely attract people avko
already engagemn traditional occupations suds peatcutting,

Credion in Energy Systeis — A Multi Leve Perspective on
Technologtd, Business and Policy Innovations (EnPath)”, financed
by the Academy of Finland (Decisbn 127238).
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