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Inngangur

Sjavarorka i 6llum sinum myndum er gridar umfangsmikil audlind, eins og fram kemur i eftirfarandi
gognum. Pessi mikla audlind hefur samt enn nanast ekkert verid nytt til raforkuframleidslu.
Astaedan er helst st ad mdnnum hefur pétt dnnur orkuéflun naertaekari og fyrirhafnarminni. Pannig
er pad vissulega naertaekt pjodum sem bua yfir jardefnaeldsneyti s.s. kolum, oliu og gasi, ad framleida
raforku med brennslu. O8rum pjédum er slikt einnig ardbaert, sem geta keypt pannig eldsneyti &
hagstaedu verdi. Okkur islendingum hefur fundist hagkvaemt ad framleida raforku med
vatnsaflsvirkjunum og gufu og steert okkur vegna minni ahrifa pess a loftslag heims, en litid um leid
framhja 68rum umhverfisahrifum.

Ré6tgronir hagsmunir orkufyrirtaekja. | skjoli pessarar hefdbundnu raforkuframleidslu hafa myndast
hefdir og sidir sem erfitt er ad breyta; gddir og sleemir. Vegna hinna gridarlegu fjarmalaumsvifa sem
tengjast virkjun og orkusolu hafa myndast 6flug kerfi; hagsmunatengsl sem samtvinnast opinberum
stjérnkerfum: Adilar tengdir orkuvinnslu og orkusolu hafa sterk itok i stjornkerfinu og eru allsrddandi
i allri stefnumétun framkveemdavaldsins. Naudsynlegt er ad hafa petta i huga vid alla umraedu um
pbaer breytingar a fyrirkomulagi orku6flunar og orkusélu sem ohjdkvaemilega verda 4 naestu darum.
Andst6du hagsmunaadila gegn breytingum ma likja vid tregdu risaoliuskips vié ad taka krappa beygju.
Engum eru pessar stadreyndir betur ljdsar en peim sem lengi hefur beitt sér fyrir nyjungum i
raforkuframleidslu, likt og Valorka hefur unnid ad i meira en dratug. Baratta vid fordéma kerfisins er
mun erfidari en préunarvinnan sjalf.

En breytinga er porf; um pad eru 6ll heimsriki nina sammala. Ef mannkynid atlar ekki ad tortima
sjalfu sér og umhverfi sinu parf ad taka , krappa beygju“ i framleidslu raforku og 68ru sem lytur ad
orkumalum. Pessu hafa visindamenn haldid fram um nokkurn tima, en pad er ekki fyrr en nakinn
raunveruleikinn birtist almenningi og stjdrnmdalamonnum, t.d. i formi haekkandi sjdvarstodu,
lofteitrunar, sdrnunar sjavar og mannskaedra illvidra, ad loksins naest samkomulag um breytta
hegdun. Parisarsamkomulagid var undirritad af ndnast 6llum rikjum heims og pad héfum m.a. vid
islendingar undirgengist.

Parisarsamkomulagid er tvipaett. Pad skuldbindur islendinga, likt og adar pjédir til pess annars vegar
ad minnka losun grédurhusalofttegunda med raunhaefum adgerdum; og hinsvegar ad stydja vid
taekni sem er til pess fallin ad minnka losun & heimsvisu (m.a. i 10.gr).

Brot 4 Parisarsattmalanum. islensk stjérnvold hafa pegar synt nokkra vidleitni til stefnumétunar
gagnvart fyrri paettinum en alls enga ennpa vardandi hinn pattinn. Ekki er 3 hann minnst i nyrri
adgerdaaaaetlun rikisstjérnarinnar né heldur i gerdum stjornvalda, eins og vidhorf til verkefna Valorku
bera vott um og lyst verdur hér sidar. Hér er um skyrt brot 4 Parisarsamkomulaginu ad raeda.

Stjornarsattmali sitjandi rikisstjornar gefur fyrirheit um stefnumaétun, baedi 4 svidi orkumala og
nyskdpunar, med markmid Parisarsattmadlans ad leidarljdsi. Ef pau markmid eiga ad ndst parf moérgu
ad breyta i hinu stadnada stjornkerfi a pessum svidum. bessi markmid munu ekki nast ef pau
hagsmunaofl rada ferdinni sem hafa djupar reetur i stérum orkufyrirteekjum og hafa komid sér vel
fyrir vio , kjotkatla“ stjérnkerfis og almannafjar.

Skyrslubeidni Alpingis. Sumar adgerdir auka p6 von um bjartsyni, og sumir virdast vidsynni i hugsun
en adrir. A vorpingi 2018 var sampykkt skyrslubeidni nokkurra pingmanna til radherra orkumala ,um
nyjar adferdir vid orkudflun®, & pann hatt ad skyrslan falli ad motun nyrrar orkustefnu. Skyrslan
skyldi taka til priggja patta; nytingu vindorku, sjavarorku og varmaorku med varmadaelum. [ tilfelli
sjavarorku skyldi lyst helstu leidum; gerd grein fyrir islenskum verkefnum; fjallad um heppileg
orkuvinnslusvaedi og lagt mat 4 moguleika orkunytingar hérlendis.
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Raduneytid geetir hagsmuna storfyrirtakja en snidgengur Valorku. [ 1jési pess ad Valorka hefur
verid eini adilinn hérlendis i préun sjavarorkutaekni; hefur itrekad kvartad yfir skorti a stefnumétun,
og byr yfir vidteekari gagnagrunni & pessu svidi en adrir hérlendis, bar rdéduneytinu augljés skylda til
ad hafa samrad vio fyrirtaekid vid vinnu skyrslunnar. bad var ekki gert og loford skrifstofustjora
raduneytisins um pad var svikid; ekkert samrad var haft. Fyrst ad loknum skilafresti raduneytisins
barst Valorku uppkast ad kafla var6andi sjdvarfallaorku. pa kom i ljés ad raduneytié hafdi unnid
skyrsluna i nanu samstarfi vid adila sem hafa beitt sér gegn verkefnum Valorku, t.d.
Nysképunarmidstdd islands; Orkustofnun og Landsvirkjun gegnum Samorku. Valorka var ekki i
samradshépnum. Litid sem ekkert er minnst & verkefni Valorku og flest af pvi eu ésannindi. Valorka
gerdi pegar athugasemdir og métmeelti pvi hardlega ad svo villandi skyrsla veeri |6gd fyrir Alpingi. bvi
sinnti rdduneytid i engu, heldur lagdi skyrsluna fyrir Alpingi; an tillits til athugasemda Valorku.

Rangfaerslur og fordémar i gard sjavarorku koma fram i pessari skyrslu raduneytisins til Alpingis. Oll
midar hun ad pvi ad gera litid ur moguleikum og fysileika sjavarorkunytingar hérlendis en upphefja
um leid hefdbundnar orkuvinnsluadferdir og lita framhja dkostum peirra. Til pess er notad
gildishladid ordalag sem vart verdur nefnt annad en fordémar og sleggjudémar; prongsynt val & peim
orfau heimildum sem til er vitnad; drokstuddar stadhaefingar og vida h6fd uppi hrein ésannindi. Ekki
er unnt ad lita a skyrsluna sem pa hlutlausu uttekt og upplysingaveitu sem Alpingi aetladist til med
skyrslubeidni sinni. Ohjakvaemilegt er ad lita & skrif réduneytisins, likt og fleira sem fra pvi hefur
komid, sem hagsmunagaeslu i pagu stérra orkufyrirtaekja og peirra sem mestan hag hafa af
Sbreyttum vidhorfum i orkumalum. Hér er um valdnidslu ad reda i gard Valorku og forddma
gagnvart sjavarorku, af hendi pessa adsta framkvamdavalds sem ber ad geeta jafnraedis.

Alvarlegar afleidingar. Ljost er ad pad mun hafa alvarlegar afleidingar, verdi skyrsla raduneytisins
16g0 til grundvallar stefnumétun i orkumalum. Afleidingarnar gagnvart Valorku og 6drum
préunarverkefnum verda pazer ad verkefnin leggjast af. bau verdur ekki unnt ad stunda pegar
edlilegum studningi samkeppnissjéda stjornvalda sleppir. Med pvi verdur férnad pvi gullna taekifaeri
sem nu bydst islendingum til ad nd forystu i taekni 4 fyrirsjdanlega umfangsmiklum framtidarmarkadi
hreinorku. Mun alvarlegri eru afleidingarnar gagnvart hagsmunum framtidarkynsléda; par sem island
mun dragast aftur Gr 68rum pjédum i nytingu hreinna orkuaudlinda sjavar og engin Urreedi verda
tryggd pegar frekari vatnsafls- og gufuaflsvirkjanir verda bannadar vegna umhverfisahrifa sinna. Um
leid og Valorka leggur hér fram skyrslu byggda a beinum tilvitnunum i feerustu fraedimenn fer Valorka
um leid fram a pad vid Alpingi ad hun verdi 16g0 til grundvallar; ekki sidur en skyrsla raduneytisins.

bessi samantekt er unnin i peim tilgangi ad koma sem s6nnustum upplysingum til peirra sem fjalla
um malefni sjavarorkunytingar; einkum peirra sem madta stefnu um rannsdknir og nysképun 3 pvi
svidi. Vidhorf raduneytisins er pvi midur ekki einsdaemi. bpeim sem kynna sér framgang verkefnis
Valorku fra upphafi verdur fljott ljost hve skilningleysi, falaeti og jafnvel hrein andud stjornkerfisins og
stofnana pess hefur haldid aftur af verkefninu og oftsinnis teflt pvi i tvisynu.

Beinar tilvitnanir i nidurstodur alpjodastofnana og fraedimanna. Til ad gaeta hlutleysis i lengstu 16g,
er i pessari samantekt ekki gerd tilraun til ad pyda erlendar tilvisanir af frummalinu, heldur fa
efniskaflar ad halda sér dbreyttir. [ peirri vidleitni ad gefa sem sannasta mynd af stédunni er hér
vitnad i pa adila sem truverdugastir hljota ad teljast; annarsvegar alpjédastofnanir 4 vickomandi
svidum og hinsvegar virta freedimenn, sem i flestum tilfellum hafa sérmenntad sig 4@ vidkomandi svidi
og skrifa i nafni virtra haskéla eda annarra fraedastofnana. Eina efnid sem ritad er fra brjosti
undirritads er pad sem vidkemur verkefnum Valorku ehf, enda er par engum kunnugri til ad dreifa.

Valdimar Ossurarson
framkvaemdastjori Valorku ehf
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Helstu heimildir:

Tilvitnanir i heimildir eru ordréttar og a frummalinu. Til gloggvunar og haegdarauka fyrir lesendur
er texti Valorku i svorum lit en texti Ur skyrslum annarra er litadur. Lesendur eru hvattir til ad
»guggla“ heimildirnar undir tilvitnudum heitum og kynna sér pzer i heild sinni; millilidalaust.

a)

b)

c)

d)

e)

f)

g)

h)

Valorka ehf: Ymislegt ttgefid efni. T.d skyrsla 2018: ,Stada préunar i sjavarorkutaekni;
knyjandi porf og ny markadstakifaeri“ og skyrslan ,Sjavarfallaorka og hagsmunir
islendinga®, utg 2011. Einnig arsskyrslur Valorku og greinargerdir.

IPCC: Intergovernmental Panel on Climate Change, -Alpjéda loftslagsradid-, er byggt @ grunni
Alpjoda vedurfraedistofnunarinnar WMO og Umhverfisstofnunar Sameinudu pjédanna UNEP
og er heimsrikjum til leidsagnar um umhverfismal og stefnumadtun a pvi svidi. M.a. byggir
Parisarsamkomulagid & radgjof IPCC. Arid 2012 birti radid skyrsluna ,Renewable Energy
sources and Climate Change Mitigation”.

Ren 21:, A comprehensive annual overview of the state of renewable energy”: Global
Status Report 2018. Ren 21 er alpjédlegt net stofnana, s.s. IEA; IRENA; UN Environment;
World Bank og fleiri; auk fjolmargra hagsmunasamtaka einstakra vidkomandi greina; stérra
fraeda- og rannséknastofnana og stjornvalda 10 stérra idnrikja. Ad skyrslugerdinni komu yfir
900 sérfraedingar.

IEA-OES: International Energy Agency; Alpjéda orkustofnunin; samstarfsvettvangur rosklega
30 rikja, asamt freedastofnunum. Innan IES starfar deild um sjdvarorku; Ocean Energy
Systems. Undir verkefefnaflokknum TCP (Technology Collaboration Programmes) er
sérstaklega haldid utanum samvinnuverkefni préunar. Visad er i ymislegt utgefid efni
pessara stofnana, en einkum ,,OES Annual report; Ocean Energy Systems 2016“. Stofnuninn
hefur einnig gefid ut eftirfarandi greiningarskyrslur sem hér er vitnad til: A. Um
umhverfisahrif sjavarfallavirkjana: "The state of knowledge for environmental effects”. B.
Um stodu regluverks, stefnumida og leyfisveitinga 2015; ,,Consenting processes for ocean
energy on OES member countries”. C. Um kostnadarmat vegna sjavarorkuvera 2015:
»International levelised cost of energy for ocean energy technologies”. Fullyrda ma ad
pessar skyrslur; hver a sinu svidi, gefi hvad sannferdugasta mynd af stédu sjavarfallavirkjana
sem unnt er, i ljési préunarstigs taekninnar og farra gagna. Skyrslurnar ma finna i heild undir
sinu nafni 4 internetinu.

IRENA: The International Renewable Energy Agency er alpjédleg stofnun sem fjolmorg
heimsriki eru adilar ad. Hlutverk stofnunarinnar er ad leida orkuframleidslu og orkunotkun i
att til sjalfbzerni. IRENA gaf arid 2018 ur skyrsluna ,,A Roadmap to 2050“.

WEC: World Energy council; Alpjéda orkuradid, sem islendingar eiga adild ad, &samt um 90
6drum rikjum. Ahrifamikil samtok, par sem hagsmunaadilar i hefdbundinni orkuframleidslu
hafa mikil itok; ymist med beinni adild eda gegnum sin stjérnvold. Margt i efni og
radleggingum stofnunarinnar ber merki um pa hagsmunagaeslu og pvi parf ad taka pvi med
nokkrum fyrirvara sem hun segir vardandi moguleika nyrra orku6flunaradferda s.s.
sjavarorku. Hér er m.a. litid til skyrslu WEC um sjavarorku; ,,World Energy Resources;
Marine energy 2016“.

ESB; JRC: Ocean Energy Forum er samrddsvettvangur stofnana, sérfraedinga og
hagsmunaadila 4 svidi sjavarorku. Arid 2016 gaf stofnunin ut vandad yfirlit um fjéldamargt
sem vardar stefnumoétun a pessu svidi; ,,Ocean Energy Strategic Roadmap®. Joint Research
Centre er visinda- og rannsdknamidstod Evrépusambandsrikja, en par starfar deild a svidi
orku, samgangna og loftslagsahrifa. Arid 2016 gaf stofnunin Gt skyrslu um stédu sjavarorku:
»JRC Ocean energy status report, 2016 edition”.

»Evaluation and comparison of the levelized cost of tidal, wave and offshore wind
energy”. Greini ,Journal of Renewable and sustainable energy” i september 2015,
eftir Sharay Astaritz hja hdskélanum i Santiago de Compostela; A. Vasquez hjd sama
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i)

k)

0)

p)

q)

haskdla, og Gregorio Iglesias hja haskélanum i Plymouth. Ahugaverd og triverdug
rannsokn a orkuverdi pessara priggja orkudflunarleida. Synir allt adrar nidurstédur
en paer skyrslur hagsmunaadila sem anr kys ad vitna til i sinni skyrslu.

»Marine renewable energy in Canada; 2018 state of the sector report”. Skyrsla
MRC; Marine Renewables Canada, sem er stofnun med adild parlendra stjérnvalda,
hagsmunaadila og freedasamfélags. Skyrslan fjallar ad mestu um kanadiska hagsmuni
a pessu svidi, en einnig malefni sjavarorku almennt.

»Resource assessment for future generations of tidal-stream energy arrays”.
Stérmerk fraediritgerd utg. 2015, eftir M. Lewis; S.P. Neill; P.E Robins og M.R.
Hashemi, sem allir starfa hja School of Ocean Sciences; Bangor haskdla i Bretlandi.
bar er athygli beint ad peirri aukningu orkunytingar sjavarfallastraums sem naest fram
med haegstraumshverflum; eda pvi sem peir kalla ,,2nd and 3rd generation tidal
turbine arrays”. Nidurstadan syndi a.m.k. sjoféldun afls a viokomandi sveedi.

Fraediritgerd utg. 2018, par sem athyglinni er einkum beint ad
adferdum til nytingar sjavarfallarasta i grunnsjd; og pa einkum kostum minni virkjana.
Hér er a ferd einkar gagnlegt innlegg i métun islenskrar orkustefnu, sem rennir um
leid veigamiklum fraedilegum stodum undir verkefni Valorku. Héfundarnir eru A.
Roberts; B. Thomas; P. Sewell og Z. Khan, sem starfa m.a. vid Faculty of Science and
Technology og Bournemouth hdaskéla. Einnig S. Balmann og J. Gillman sem starfa vid
Balman Environmental Trust.

»Tidal energy leasing and tidal phasing”. Fraediritgerd utg. 2018 um kosti pess ad
nyta timamismun sjavarfalla med nettengingu til ad jafna ut sveiflur vegna fallaskipta.
Slik j6fnun & ekki sidur vid hér & islandi en i Bretlandi, sem pessi rannsékn beinist
einkum ad. Hefur oftsinnis verid 4 pad bent i skyrslum Valorku. Hofundar eru P. Neill
og Matt J. Lewis hja School of Ocean Sciences; Bangor University, asamt M. Reza
Hashemi hja University of Rhode Island.

»Current status and future of ocean energy sources; a global review”. Fraediritgerd utg
2018; yfirlit um stodu sjavarorkutaekni eftir Mehmet Melikoglu hja Gebse Taeknihaskdlanum i
Tyrklandi.

,Life Cycle Assessment (LCA) af a marine current turbine for cleaner energy
production”. Fraediritgerd utg. 2018 eftir Fausto Cavallaro hja haskélanum i Molise,
[taliu; og Domenico Coiro hja haskélanum i Napdli. Gerd er LCA greining &
gegnumstreymishverflinum Kobold, sem verid hefur i tilraunarekstri i Messinasundi
um nokkurn tima. b6 hverfill Valorku sé all frabrugdin gerd gegnumstreymishverfils
eru nidurstodurnar mjog dhugaverdar, og mun trdverdugri en peer greiningar sem
taka mid af trollauknum skrdfuhverflum.

»Impact of tidal-stream arrays in relation to the natural variability of sediment
processes”. Fraediritgerd utg. 2014 eftir Peter E. Robins, Simon P. Neill og Matt J.
Lewis hja School of Ocean Sciences; Bangorhaskéla. Fjallar um rannséknir a dhrifum
sjavarfallahverfla a setrof og setflutninga.

,Tidal and Current Energy Resources in Ireland”. Skyrsla SEAI (Sustainable Energy
Authority of Ireland) fra drinu 2010 um mat & sjavarorkuaudlindum vid irland. Hér er
a ferd mjog dhugaverd skyrsla, sem synir & skyran hatt hid gridarlega umfang
orkuaudlinda vid landid. Nidurstddurnar md ageetlega yfirfeera a island, enda
adsteedur um margt likar.

»Sabella installs tidal turbine coupled with battery storage kit“. Grein okt 2018 i
veftimaritinu ,Marine Energy.biz“, sem er 6flugur pekkingamidill & svidi sjavarorku.
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Kaflil Umfang sjavarorku heims og flokkun nytingaradferda

1.1. Umfang sjavarorku a heimsvisu
Eins og sja ma 4 heimildum liggur ekkert areidanlegt mat fyrir var6andi umfang nytanlegrar
sjavarorku. Til pess mats skortir enn allar forsendur, m.a. par sem teekni er enn 6ll &
pbrdéunarstigi. |ES dzetlar ad sjdvarorka gaeti meett allri orkup6rf heimsins; um 20.000 TWst,
veeri taekni tilteek til nytingar. Adrir freedimenn telja ad umfangid sé yfir 100.000 TWst
(MREC). Sama heimild dztlar ad arid 2050 muni raforkuframleidsla fra sjavarorku nema 748
GW, og ad arid 2030 muni hun skapa 160.000 bein storf. begar vid petta beetist ad
sjdvarorku ma nyta med mun minni umhverfisahrifum en adra orkukosti, og hillir undir
samkeppnishaefar lausnir, hlytur pad ad vera i forgangi allra rikja og frumkvodla ad ad na
tokum 3 nytingu pessara jardargeda. Med nyrri teekni margfaldast umfang nytanlegrar orku.
Rétt er ad vekja athygli a fraedigrein a bladsidu 9; ,,Resource assessment for future
generations of tidal-stream energy arrays”, par sem synt er frama ad med notkun
»3.kynslédar” sjdvarfallahverfla ma sjofalda pa sjavarfallaorku sem hingad til hefur verid talin
nytanleg. Hverfill Valorku er komin lengst i proun 3.kynslédarhverfla.

Mat IEA-OES a umfangi og mikilveegi sjavarorku:

The OES TCP estimates that if deployed worldwide, ocean technologies could meet the world’s
current electricity demand of close to 20 000 TWh.

ESB: ,Ocean Energy Strategic Roadmap“:

Ocean Energy Forum er samradsvettvangur stofnana, sérfreedinga og hagsmunaadila

4 svidi sjavarorku. Arid 2016 gaf stofnunin Ut vandad yfirlit um fjéldamargt sem

vardar stefnumadtun a pessu svidi. bar ma m.a. sja petta:
Ocean energy is abundant, geographically diverse and renewable. Under favourable regulatory and economic
conditions, ocean energy could meet 10 % of the European Union’s (EU) power demand by 2050. Europe’s seas
and oceans could therefore play an important role in addressing one of the EU’s biggest current challenges; an
energy transition from a system based on imported fossil fuels to a flexible and interconnected system based
on clean, renewable and infinite domestic resources.
The industry association, Ocean Energy Europe, estimates that 100GW of wave and tidal energy capacity can be
deployed in Europe by 2050s. This industry target is consistent with recent studies on the practical deployment
potential of ocean energy in Europe. The global market for ocean energy could see 337GW of installed capacity
by 2050, a third of this would be in Europe.
Today 45 % of wave energy companies and 50 % of tidal energy companies are from the EU. The EU is in need
of industrial success stories, and ocean energy can be one. The right support over the coming decade will
enable Europe to maintain leadership in a global market, worth a potential €653bn in investments between
2010 and 2050, and an annual market of up to €53bn, hugely benefiting the European economy.

~Marine renewable energy in Canada; 2018 state of the sector report”:

Skyrsla MRC; Marine Renewables Canada, sem er stofnun med adild parlendra

stjérnvalda, hagsmunaadila og freedasamfélags. Skyrslan fjallar ad mestu um

kanadiska hagsmuni & pessu svidi, en einnig malefni sjdvarorku almennt.
Theoretical estimates for global MRE potential indicate resources exceeding 100,000 terawatt hours
(TWh) of electricity, equal to the power needs of over 8 billion Canadian households1 — more than
the current power demands of the entire planet. ...

»The emerging market is significant, with the International Energy Agency’s Ocean Energy Systems
estimating that there is the potential to develop 748 GW of ocean energy by 2050, resulting in
160,000 direct jobs by 2030“.



1.2. Adferadir til nytingar sjavarorku

Flokka ma adferdir til nytingar sjavarorku i fijéra meginflokka.

Olduvirkjanir, par sem nytt er hreyfiafl 6ldu & yfirbordi sjdvar. Gridarleg orka er vida i
heimshdfum & pessu formi, t.d. vid [slandsstrendur; einkum sudurstrondina. Margar
adferdir eru i préun og sumar hafa komist i tilraunarekstur. Ekki hefur enn tekist ad leysa
helsta vandamalid, sem er eydileggingamattur barunnar i versta sjélagi.
Sjavarfallavirkjanir, sem einnig eru i préun i ymsum flokkum. Umfang sjavarfallaorku er
mikid i heimshéfunum, en hdn er helst nytanleg vid strendur par sem straumurinn hradast
vegna hindrana. Nanar hér sidar.

Hitastigulsvirkjanir (OTEC), sem nyta mikinn hitamismun yfirbordssjavar og djupsjavar. Til
pess parf stérar og dyrar virkjanir, en paer eru ekki starfhaefar utan midbaugssvaeda jardar.
Seltumunarvirkjanir (osmosis), sem nyta seltumun sjavar og ferskvatns a pann hatt ad auka
prysting i gleypnum himnum. Enn 3 algeru byrjunarstigi og an teljandi afkasta.

Hér verdur sjénum einkum beint ad virkjun sjavarfalla, p6é adrar adferdir berist i tal, enda liggja
islenskir hagsmunir fyrst og fremst a pvi svidi um pessar mundir.

1.3. Flokkun sjavarfallavirkjana

Sjavarfallavirkjanir ma flokka i prennt eftir nytingarstodum, straumpunga og umhverfisahrifum:

Stifluvirkjanir. b3 er stiflad sund eda prongur fjordur og virkjud fallhaed sem sjavarfollin
orsaka. Notadir eru hefdbundnir hverflar, t.d. af kaplan-gerd. bessu fylgja oftast veruleg
umhverfisahrif, baedi vegna mannvirkja, en adallega vegna uppsofnunar ferskvatns,
breyttra strauma og umbyltingar i lifriki. Af pessari gerd er elsta og steersta
sjavarfallavirkjun heims; La Range i Frakklandi. Hun ték til starfa 1968 og framleidir 240
MW. S-Kérea hefur nu byggt steerri stifluvirkjun.

Sundavirkjanir. bzer nyta straumpunga i prongum sundum i fjardarmynnum eda milli
eyja; straumur par getur ordid allverulegur eda milli 2 og 6 m/sek. bar er pvi téluverd
orkupéttni og unnt ad beita skrafuhverflum sem er vel pekkt taekni. Pessi sund
fyrirfinnast @ nokkrum stodum, t.d. hérlendis i Rost i Hvammsfirdi. Flestoll
préounarverkefni i sjdvarorku ndna beinast ad lausnum & pessu svidi. Kostur peirra er hin
mikla orkupéttni en dkostir einkum peir ad virkjanastadir eru tiltélulega fair; virkjanir
purfa ad vera mjog sterkbyggdar og dyrar og umhverfisahrif eru veruleg af peim flestum.
Strandvirkjanir. Hér er um a0 raeda sjavarfallastrauma vid annes, en peir eru vanalega
téluvert haegari en peir sem adur eru nefndir; oft undir 1 m/sek og med minni orkupéttni.
Hinsvegar eru petta mjog vidfedm sveedi og algeng vida um heim, pannig ad taeknilausnir
sem veeru naegilega hentugar og hagkvaemar attu gifurlega markadsmoguleika; jafnvel
b6 margar keemu fram 4 sama tima. Med pvi ad hafa virkjunina alveg undir yfirbordi ma
fordast eydingarafl 6ldunnar; fordast arekstra a siglingaleidum; utiloka sjonmengun og
hafa virkjanirnar léttari, staerri og hagkveemari. Med pessu maéti ma nyta orku pessara
viofedmu svaeda an nokkurra pekktra umhverfisahrifa eins og adur er rakid. Vid svo litinn
straumhrada er hagkveemara ad nota adra hverfla en skrdfuhverfla.

Hverflar Valorku, einu islensku hverflarnir sem komnir eru langt i préun, eru i flokki
strandvirkjana. Fra upphafi verkefnisins hefur verid leitad lausna til ad nyta 4



hagkvaeman hatt orkuna i hinum vidfedmu straumasvadum vid strendur; einkum par
sem fallastraumur hradast vid annes upp i ca 0,5 til 2,5 m/sek. Til ad na peim
markmidum parf hverfillinn ad vera med stért vidnamsflatarmal an pess ad krefjast mikils
dypis; hann parf ad vera einfaldur ad gerd en po sterkur, audveldur i medférum, gerdur
af 6dyrum vistveenum efnum og hafa hverfandi neikvaed ahrif a vistkerfi og umhverfi 4
virkjunarstad. Meginforsendan er ad rekstrarleg hagkvaemni sé um leid tryggd. Vel hefur
gengid i att ad pessum markmidum i préunarstarfinu og full astaeda er til ad vanta mikils
af peim hverfli sem nu bidur sjépréfana. Allt starfid hefur hlidsjon af pvi ad lagmarka
stofn- og rekstrarkosnad og med pvi gera virkjunina ad hagkvaemum valkosti. Ekki er vafa
undirorpid ad hin mikla sjavarorka vid island verdur nytt i ndinni framtid. Hinsvegar er
liklegt ad lausnir Valorku verdi fyrr hagkvaemar i 68rum rikjum; peim sem bua vid hzerra
raforkuverd og purfa ad framleida raforkuna med dyrum og mengandi adferdum. Bulast
mad vid ad par verdi hagkveemni hverfla Valorku mest og ad par verdi lausnin fyrst nytt.
Samkvaemt Parisarsamningnum (m.a. 10.gr) ber islenskum stjérnvéldum skylda til ad
stydja pannig teekni og koma henni a framfaeri.

1.4. Sjofoldun orkunytingar med haegstraumshverflum

[ flestum gdgnum sem nu eru 16gd til grundvallar umraedu og daetlana um umfang orku sjavarfalla er
midad vid pa fau skrufuhverfla sem lengst eru komnir i préun. Astaeda pess er einfaldlega st ad peir
eru einu meaelanlegu vidmidin. Hinsvegar eru flestir pessir hverflar ekki taldir hagkveemir i haegari
straumi en 2,5 m/sek, sem pydir ad nytingarsveedi peirra eru afskaplega fa og takmarkast vid einstaka
prong sund. T.d. veeru peir ekki nothaefir hérlendis utan farra sunda i Breidafirdi.

Hverfill Valorku mun geta unnid vid mun haegari straum og allar likur benda til ad hann verdi
hagkveemur til notkunar i straumi kringum 1 m/sek. Ekki er vitad af annarri teekni sem hentar i slikt,
en sa sem kemst naest pvi er liklega hverill Tidal Sails, sem @tlad er ad nyta allt nidur i 1,5 m/sek
straumhrada.

Lengi hefur verid ljést ad langsamlega umfangsmestu orkusvaedi sjavarfalla eru utan adurnefndra
straumhardra sunda. Tidal Sails telur 99% vera @ svaedum med minna en 2 m/sek straumhrada. Litid
hefur pé verid ad hafa af rannséknum sem renna stodum undir petta med visindalegum heetti. Ein
slik liggur po fyrir, en nidurstodur hennar birtust 2015 i pessari fraedigrein fjogurra freedimanna.
Rannsokud voru tvo 6lik svaedi i irlandshafi. Prennskonar virkjanataekni var 16gd til grundvallar:
,Fyrsta kynsl6d” er skrafuhverfill MCT, sem profadur hefur verid i nokkur ar; ,,6nnur kynsléd“ er
hverfill sem gaeti nytt straumhradann 2 m/sek og meiri, (s.s. Tidal Sails), og , bridja kynsléd“ er hverfill
sem nytt getur straumhradann 1,5 m/sek eda meiri. Hverfill Valorku er pvi af ,pridju kynslod“
samkvaemt pessari skilgreiningu, en geeti po liklega nytt enn haegari straum a hagkvaman hatt.

Skal hér litid 4 ordrétta kafla ar skyrslunni:

»Resource assessment for future generations of tidal-stream energy arrays”.
Fraediritgerd utg. 2015, eftir M. Lewis; S.P. Neill; P.E Robins og M.R. Hashemi, sem allir starfa
hja School of Ocean Sciences; Bangor haskdla i Bretlandi. bar er athygli beint ad peirri
aukningu orkunytingar sjavarfallastraums sem naest fram med haegstraumshverflum; eda pvi
sem peir kalla ,,2nd and 3rd generation tidal turbine arrays”.

ABSTRACT: Tidal-stream energy devices currently require spring tide velocities (SV) in excess of
2.5 m/s and water depths in the range 25-50 m. The tidal-stream energy resource of the Irish Sea, a
key strategic region for development, was analysed using a 3D hydrodynamic model assuming
existing, and potential future technology. Three computational grid resolutions and two boundary
forcing products were used within model configuration, each being extensively validated. A limited
resource (annual mean of 4 TJ within a 90 km? extent) was calculated assuming current turbine
technology, with limited scope for long-term sustainability of the industry. Analysis revealed that the



resource could increase seven fold if technology were developed to efficiently harvest tidal-streams
20% lower than currently required (SV > 2 m/s) and be deployed in any water depths greater than 25
m. Moreover, there is considerable misalighment between the flood and ebb current directions,
which may reduce the practical resource. An average error within the assumption of rectilinear flow
was calculated to be 20°, but this error reduced to ~3° if lower velocity or deeper water sites were
included. We found resource estimation is sensitive to hydrodynamic model resolution, and finer
spatial resolution (<500m) is required for regional-scale resource assessment when considering
future tidal-stream energy strategies.

Table 4
The lrish Sea tidal-streamenergy resource for three device deployment criteria( 1t to3rd generation ) and three maodel spatial resolutions, quantified as; the areal extent (
km?), average undisturbed spring-neap cycle (M2+52) kinetic energy flux (T]), and the annual practical power available {GWh) - based on an operaticnal device.

Model spatial resolution
1/60°—1.1 km 1/120° =556 m 1/240°—27
Istgeneraton (SV > 25 mfs 25 < h < 50) Area (km?) @0 a3 91
Mean kinetic energy (1]) 376 418 401
Annual practical power available (GWh) 23 25 24
2nd generation (SV > 2mfs &h > 25m) Area (km?) 1018 825 800
Mean kinetic energy (1)) 5034 3212 2038
Annual practical power available (GWh) 142 115 m
3rd generation (SV > 15 mjs& h> 25m) Area (km?) 6164 6128 B046
Mean kinetic energy (1]) 161.48 15458 14937
Annual practical power available (GWh) 185 184 182

CONCLUSIONS: The tidal-stream energy resource of the Irish Sea is limited when 1st generation
sites are considered (SV > 2.5 m/s and water depths in the range of 25e50 m), with a number of
development and engineering difficulties such as flood-ebb current misalignment. Therefore, as
competition for sea space intensifies, and to fully realize the potential of this low carbon and
renewable energy industry, 2nd generation technology to efficiently harvest lower tidal velocity (SV >
2 m/s) sites would be recommended for the Irish Sea, after which tidal-stream energy convertors
capable of deeper water deployment (h > 50 m) were found to yield the greatest increase to the
potential resource. Furthermore, developing technology to harvest peak spring tide velocity flows
(SV) above 1.5 m/s, and all water depths, would allow (with the correct strategy) constant electricity
(base load) to be generated due to the greater diversity of tidal phasing between sites.

1.5. Ur 68rum skyrslum og fraedigreinum um efnid

»Current tidal power technologies and their suitability for applications in coastal and
marine areas”:

Tidal turbines extract energy from a moving fluid; consequently they are somewhat analogous to
wind turbines. Like wind turbines, most tidal turbines feature blades with aerofoil cross sections and
operate according to the principles of aerodynamic lift, since this is more efficient than utilising
aerodynamic drag (Hau and von Renouard 2013). However, there are major differences between the
two technologies. The most immediately obvious are physical differences between the fluids; the
density of seawater is approximately 1025 kg/m3, compared with around 1.25 kg/m3 for 1 atm. of
air at room temperature.

Tidal currents are typically much slower than the wind, though the much greater density of water
compensates for this in terms of power, allowing tidal stream devices to generate similar levels of
output to wind turbines (Bahaj and Myers 2003). In contrast to wind power, there are no extreme
flow speeds underwater that could potentially damage devices or force them to shut down (Blunden
and Bahaj 2006); however, tidal stream devices must still be durable to withstand the greater loading
forces generated by water. Further distinctions between the two technologies include differences
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in Reynolds number, the occurrence of cavitation and the bi-directionality of tidal currents (Batten et
al. 2006); however, the most major differences are arguably the effects of blockage (Garrett and
Cummins 2004) and the free surface (Whelan et al. 2009).

Tidal turbines can be broadly classified according to their design as either axial flow or cross flow,
as illustrated in the figure. Axial-flow turbines sweep through a circular area of water by rotating
about an axis that is parallel to the flow direction. Cross-flow devices sweep through a rectangular
area by rotating about an axis that is perpendicular to the flow, with water flowing across each blade
twice.

i skyrslunni er sidan lyst nokkrum grundvallaradferdum sjavarfallahverfla, og
eru peer einféldu skissur syndar hér:

' Direction
Direction of rotation
of rotation ST —,
& = >

Water
flow
! "I Water flow e || .
[ q p
(a) Axial-flow turbine. (b) Cross-flow turbine.

Hinn islenski hverfill Valorku fellur i hvorugan pessara hefébundnu hverflaflokka, en er pé mun
skyldari gegnumstreymishverflum (cross-flow turbines) en skrdfuhverflum (axial-flow turbines).
Hverflar Valorku eru sérstaklega hannadir fyrir mjog haegan straum i grunnum sjé, og vinna fremur a
prystingi vatnsmassa en vangahrifum mikils straums.
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Drekavirkjun (tidal kite) Skrufuhverfill er festur nedan i
vaeng eda nokkurskonar flugdreka, sem tjédradur er
med taug vid botn. Vangurinn er pannig lagadur ad
hann flygur i dttulaga lykkju i straumnum; hradar en
straumhradi stadarins. Hann skilar pvi meira afli en
tla maetti af steerd hverfilsins. Hinsvegar hentar hann
illa i grunnum sjo. Helsti prounaradili slikra adferda er
Deep Green, sem adur hét Minesto og er afsprengi
Saab bilaframleidandans.

Stifluvirkjun (Barrage). Stifla er byggd par sem sjavarfalla
geetir verulega og adstaedur henta vardandi [6n; t.d. par
sem a fellur til sjavar. Elsta sjavarfallavirkjun heims; La
Rance i Frakklandi (240 MW) og hin nyja Sihwa virkjun {
Kéreu (248 MW) eru af pessari gerd. Slikum stiflum fylgir
jafnan veruleg réskun & lifriki sem gjarnan er fjolskridugt
a peim stodum; auk pess sem fjarfestingin er mjég mikil .
Afbrigdi af pessari gerd er bygging |6ns 4 grunnsaevi.
Hérlendis veeri fraedilega unnt ad reisa stifluvirkjun, t.d.
Breidafirdi par sem munur fl6ds og fjoru er mestur.
Hinsvegar er éliklegt ad pad verdi gert i ljosi vaxandi
medvitundar almennings um umhverfisspjoll.

CONCLUSIONS: The suitability of eight different tidal power technologies for small-scale power
generation in shallow near-shore waters off have been discussed by examining device performances
in a number of key criteria. Our discussion suggests that both vertically and horizontally oriented
cross-flow turbines appear to be well suited to this application, since they have relatively high power
densities and a maximum device size that is unconstrained by depth. Oscillating hydrofoils also
appear suitable to shallow water applications for similar reasons, provided comparable levels of
efficiency can be reached. Meanwhile tidal kites, which require deep waters, and tidal barrages and
lagoons, which will require significantly more investment to generate comparable levels of power at
small-scale in comparison to turbines, appear to be the least appropriate for this scenario.

It is important to note that this examination is a simple design-stage assessment. Due to the
developing nature of the tidal energy sector, several of the assessment criteria (e.g. environmental
impacts, economic potential) are qualitative in nature and have been discussed in the absence
of large amounts of reliable data. Additionally, given the influence various device-specific factors (e.g.
hydrofoil blade profile) may have on device performance, certain comments may not apply to every
device within a given technology class.

Although we have provided a general technology review for one type of tidal energy deployment
in the absence of large amounts of field data, for a given project at a specific site there will be further
complicating factors that will affect the performance of a given technology (e.g. blockage). The
influences of these factors on performance may vary even throughout the site itself, and
consequently as much data on the site as possible should be gathered before attempting to identify
the most appropriate technology for that area.

Despite the eight discussed concepts appearing to comprise the bulk of tidal technology currently
in development, there are also other devices used formicro hydropower applications, such as
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Archimedes screws and gravitational water vortices, which have not been investigated and could be
suitable for use in shallow water tidal applications. Furthermore, it is possible that with suitable
adaptation the ideas behind some of the concepts (the tidal kite for instance) could prove very
effective for shallow water generation, while there is also scope that completely novel ideas could
also be suitable. Consequently this discussion is by no means exhaustive or definitive. Future work
will look to explore the possibilities of adapting both the discussed technologies and others to
develop an optimised device for shallow water tidal power applications.

Um greinina: Nidurstada hinna virtu freedimanna er su ad skrdfuhverflar henti sidur til nytingar
sjavarfalla utan farra straumhardra sunda. A grunnsaevi vid annnes, par sem straumur er ad jafnadi
hagari, henta betur gegnumstreymishverflar og vaengvirkjanir. Hverfill Valorku er i ett vid
gegnumstreymishverfla, en er fj6ldsa (med tveimur eda fleiri 6xlum) og hentar pvi mun betur vid
pbessar adstaedur en einasa hverflar og hefur meiri moéguleika 4 ad na hagkvaemni. bessar nidurstédur
fraedimannanna eru mikilveegt innlegg i omrdu um sjavarorkunytingu og syna ad leggja parf aherslu a
fleira en nytingu orkumestu sunda.

»Current status and future of ocean energy sources; a global review*:
Fraediritgerd utg. 2018, par sem athyglinni er einkum beint ad adferdum til nytingar
sjavarfallarasta i grunnsjod; og pa einkum kostum minni virkjana. Gagnlegt innlegg i métun
islenskrar orkustefnu, sem rennir um leid veigamiklum fraedilegum stodum undir verkefni
Valorku. Hofundarnir eru A. Roberts; B. Thomas; P. Sewell og Z. Khan, sem starfa m.a. vid
Faculty of Science and Technology og Bournemouth haskéla. Einnig S. Balmann og J. Gillman
sem starfa vid Balman Environmental Trust.

CONCLUSION: In this study, global ocean energy sources are analysed in detail to prepare an up to
date technical review. The following conclusions are drawn from this study. There is an immense
energy potential in the oceans. ... The literature review clearly showed that there are significant
differences between the ocean energy resource potential estimates in the published literature.
Therefore, an up to date global ocean energy resource potential map or database should be
prepared by the authorities to avoid future uncertainty.

Many countries around the globe aim to utilise ocean energy sources to supply their increasing
energy demand in a sustainable manner. However, as of today, technologies to exploit the power of
the oceans and seas are still at an early stage of development (except tidal barrages or dams) and
even the most advanced technologies still encounter substantial problems and obstacles;
consequently, innovation and research and development (R&D) in this field can help overcome those
problems (Uihlein and Magagna, 2016). As stated above, tidal barrages or dams are the only proven
technologies; however, their capacity and site selection is limited. Also, research about the
environmental impacts of marine renewable energy devices remains incomplete because many of
these devices should be set and tested in the marine environments (Zangiabadi et al., 2017).

Yet, when these problems are solved and the technological development is complete
marine/ocean energy is expected to provide a significant amount of electricity to our global
economy. Therefore, the research and development in ocean energy engineering should fostered by
nations with access to these reliable and clean renewable energy sources. Finally, this study could
offer some assistance to the academia and industry in the exploitation of different ocean energy
sources for achieving a more sustainable future.
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Kafli 2. Stada verkefna til nytingar sjavarfallaorku
2.1.  Nokkrar steerstu sjavarfallavirkjanir heims

Sihwa-vatn (Stifluvirkjun; S-Kéreu). Steersta
starfandi sjavarfallavirkjun heims er stifluvirkjunin
vio Sihwa-vatn i S-Kéreu. Hamarksafl hennar er
254 MW; framleitt med 10 hverflum. Nyttur er
mikill munur fl6ds og fjéru i Gulahafi. Virkjunin héf
starfreekslu nylega, en hafdi pa tekid 7 ar i
byggingu. Heildarkostnadur vard um 1 milljén
dollara & hvert uppsett MW.

La-Rance (Stifluvirkjun; Frakklandi). Virkjunin tok
til starfa 1968 og var til skamms tima staersta
sjavarfallavirkjun heims, med framleidslugetu 240
MW. Virkjunin er i d&résum og unnt ad styra
fleedinu med hdélfum til ad jafna orkuframleisluna.
La-Rance virkjunin hefur Idngum verid vidmidum
um moguleika sjavarorkuframleidslu.

Mey-Gen verkefni Atlantis Resources (Sundavirkjun; Skotland).
Fyrirteekid Meygen telst nd vera i fararbroddi sjavarfallavirkjana
an stiflu, med hverflabui sinu vid Hjaltlandseyjar sem hoéf
starfreekslu i név 2016. bar eru i upphafi 4 hverflar, en dzetlanir
eru um ad peir verdi 273, med uppsett afl 398 MW. Hver hverfill
er priggja blada, 1,5 MW og pvermal snuningsflatar allt ad 20m.
Upphaflega préadur af hinu norska Hammerfest Strém.
Hverflarnir eru hannadir fyrir mikinn straumhrada. Hérlendis
gaetu svona hverflar e.t.v. nyst i Rost i Hvammsfirdi en dvida
annarsstadar. | annesjaréstum aettu hverflar Valorku betur vid.

Jianxia orkuverid (Stifluvirkjun; Kina) i Zhejiang
héradi var upphaflega byggt 1980, en hefur nu verid
steekkad Ur 500 kW i 3,9 MW og er pvi fjdrda steersta
starfandi sjavarorkuver heims. Sex hverflar skila
arlegri framleidslu um 7 MWst. bar er einnig
sélarorkuframleidsla.

=S —
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2.2.Helstu préunaradilar skrafuhverfla (sundavirkjana)

Atlantis Resources er nu ordinn risi medal jafningja i
sjavarfallateekni, en fyrirteekid hefur 8 sidustu arum yfirtekid
nokkur énnur sem fremst stédu; par 8 medal Marine Current
Technology; Neptune og eldra Atlantis, og vinnur i nanu Y
samstarfi vid Andritz Hydro-Hammerfest. Tviblada hverflar MCT ?)
(t.v.) hafa verid um tima i tilraunakeyrslu; hverflar Andritz Hydro w
(t.h.) eru priggja blada, og voru medal fyrstu hverfla i sjé.

OpenHydro hefur préad skermada hverfla med opinni midju
og vinnur ad stéorum verkefnum. bar 4 medal med Emera ad
300 MW virkjun vid Sharp Tidal i Fundy-fléa i Kanada; med
franska EDF ad virkjun vié Paimpol i Frakklandi og dsamt
nokkrum 68rum adilum ad virkjun i Naru-sundi vié Nagasaki i
Japan.

Sabella er staersti adili Frakklands i préun sjavarfallahverfla, og vinnur nd asamt
OpenHydro ad verkefnum vid Paimpol. Hverflar peirra eru skrdfuhverflar eins og
allir adrir sem lengst eru komnir i préun.

Tidal Energy Limited (TEL) (t.v.) préar priggja hverfla
samstaeduna Delta Stream, og hefur gert samning um
profanir vid Pembrokeshire i Wales. Tocardo hverflarnir
(t.h.) eru skemmra & veg komnir.

Scotrenewables hefur unnid ad préun fljétandi
skrafuhverfla fra 2002. Arid 2011 gerdi fyrirtaekid tilraunir
med 250 kW frumgerd, sem pad segir hafa tekist vel. 2016
var sett Ut 2 MW tdrbina sem framleiddiinn 4 net i
Orkneyjum i tilraunaskyni.

Minesto — DeepGreen proar nystarlega adferd til nytingar
skrafuhverfla i sjavarféllum. Hverflarnir eru festir nedan i einskonar
flugdreka sem botnfestur er med taug og svifur i attulaga braut i
straumnum. Adferdin hefur verid préfud med likbnum og sumarid
2018 voru undirbunar sjoprofanir vid Holyhead Deep naerri Wales.
Upphaflega var Minesto stofnad af Saab, en hefur fengid adkomu
alpjodlegra fjarfesta.

Enn skemmra eru komin verkefni Sustainable Marine Energy (t.v.) og
Schottel, po beaedi fyrirtaekin hafi hafid préfanir i sjé. Hverflar beggja eiga ad
&= geta nyst badi i sjdvarfollum og am.
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2.3.Haegstraumshverflar (strandvirkjanir)

Ef leitad er & internetinu ma finna fjéldann allan af hugmyndum og ,,uppfinningum® vardandi hverfla
sem sagdir eru geta virkjad haegari sjavarfallastrauma en 2,5 m/sek, en pad er lagmark pess sem
hagkvaemt telst fyrir notkun skrufuhverfla. Faestir pessara adila hafa pd; eftir pvi sem best er vitag,
komid hugmyndum sinum i raunhaefar préfanir, og geta paer pvi ekki talist marktaekar 8 pessu stigi;
hvad sem sidar kann ad verda.

Einungis er vitad af einu fyrirtaeki sem proar
taekni sem kemst nalaegt pvi ad likjast fjolasa
hverflum Valorku, og er komid jafn langt eda
lengra i préun. betta er norska fyrirtaekid
Tidal Sails i Haugasundi. Fyrirtaekid hefur
préad hverfil sem um sumt svipar til lausna
Valorku en er pd frabrugdinn i veigamiklum
atridum. Hverfill TS er fj6lasa eins og hverfill
Valorku, med bl6d sem ganga 8 bondum.
Hann er p6 frabrugdinn ad pvi leyti ad blodin
eru ekki einfold og pvert a straum, likt og i hverfli Valorku; heldur eru pau vaenglaga og skasett vid
straumstefnuna. Su lausn virdist mun dyrari og erfidari i framkveemd en lausn Valorku. TS hyggur a
profanir 4 MW hverfils i Kvalsund @ komandi misserum; 500 m ad lengd med 400 bl6dum. Hun muni
innan farra ara skila raforku & naer samkeppnishaefu verdi, eda 0,05 €/kWst (sja www.tidalsails.com).
Valorka litur ekki @ pennan adila sem keppinaut, enda baedi ad markadurinn er stér og teeknin nokkud
frabrugdin; miklu heldur er traustvekjandi ad geta litid til adila med svo 6fluga bakhjarla. TS telur
straumhradann 2 m/sek hentugastan fyrir sinn hverfil. Valorka telur sinn hverfil hagkvaaman vid mun
hagari straum.

Hverfli Valorku er =tlad ad nyta enn minni hrada og vera nzaegilega édyr og einfaldur til ad skila
hagkveemni i honum. Med honum mun verda unnt ad nyta eina umfangsmestu orkuadulind jardar
sem enn er onytt og framleida orku 4 pann hatt sem minnst spillir andrumslofti og umhverfi. Med
honum verdur unnt ad na tokum a peirri orkuaudlind sem stafar af addrattarafli tungls og
fyrirsjdanlegri ad afli en nokkur 6nnur orkuaudlind; e.t.v. ad kjarnorku fratalinni. Oll hénnun & hverfli
Valorku midar ad pvi ad nyta pennan laga straumhrada 4 hagkvaaman og raunhaefan hatt. Honum er
medal annars zetlad ad verda hagkveemur virkjunarkostur hérlendis, pratt fyrir ad hér sé raforka
pbegar framleidd a ddyrari og vistveenni hatt en vida annarsstadar i heiminum. Hann mun pvi hafa
gdda samkeppnisstodu. S margt sé likt i grundvelli adferda Tidal Sails og Valorku er ljést ad margar
lausnir i hverfli Valorku eru einstakar og pvi liklegar til ad vera einkaleyfishaefar; ekki sidur en TS hefur
tekid einkaleyfi & sinum sérstaedu adferdum.

Skissa sem synir grundvallaratridi fjolasa hverfils
Valorku (,,Valex“); bl6d sem ganga 4 bandi um
tvo (eda fleiri) 4sa, sem eru pverstaedir a straum.
BI6din eru heyfanleg; pau snua parna fleti i
straum ofantil en egg i straum nedantil &
myndinni. Ymsar adferdir Valorku kunna ad
vera einkaleyfishaefar s.s. vid opnun og lokun
blada; adferd til einfaldrar lagningar og adferd
sem gerir éparft stodkerfi milli 4sa, en pad eykur sparnad mjog og eykur samkeppnishafi hverfilsins.
Hverfillinn hentar mjog vel til notkunar i heegum straumi og 3 litlu dypi
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2.4. Ur skyrslum og fraedigreinum um efnid
»JRC Ocean energy status report, 2016 edition”.

Hér ma sja hlutfallslega flokkun JRC & peim
sjavarfallahverflum sem arid 2016 voru komnir i sjépréfanir
i, fullri steerd”. Hlutfallid er ad 6llum likindum litid breytt
arid 2018.

Mesta aherslan hefur verid a préun stdrra skrifuhverfla
(vertical axis turbines, enclosed tips og tidal kite). beir
hverflar purfa mikinn straumhrada (< 2,5m/sec) og gagnast
adeins & faum st6dum, og po po aflid geti verid mikid er
hagkvaemni ekki endilega i hlutfalli vid pad (sja skyrslu IEA-
OES). | haegum straumi gagnast betur
gegnumstreymishverflar (horizontal axis); vaengvirkjanir
(oscillating hydrofoil) og hverfill Valorku. Sa sidastnefndi
ekki fellur i neinn pessara flokka, en er mjog liklegur til ad
na hagkveemni vid litinn staumhrada.

= Horizontal Axis m Vertical Axis
m Oscillating Hydrofoil ~ Enclosed Tips
m Tidal Kite

Ren 21:, A comprehensive annual overview of the state of renewable energy”: Ren 21 er
alpjodlegt net stofnana, s.s. IEA; IRENA; UN Environment; World Bank og fleiri; auk
fiolmargra hagsmunasamtaka einstakra vidkomandi greina; storra freeda- og
rannsoknastofnana og stjérnvalda 10 stérra idnrikja.

OCEAN ENERGY MARKETS: Ocean energy remains a largely untapped renewable energy source,
despite decades of development efforts. Of the approximately 529 MW of operating capacity at the
end of 2017, more than 90% was represented by two tidal barrage facilities. Ocean energy
technologies deployed in open waters (excluding tidal barrage) had a good year, as both tidal stream
and wave energy deployments saw new capacity come online, much of it launched in the waters of
Scotland. The year ended with net capacity additions of at least 4 MW, for a year-end total of 17 MW
of tidal stream and 8 MW of wave energy capacity.

Aside from means of energy conversion (tidal, wave, etc.), ocean energy technologies can be
classified by their general development stage. Tidal range facilities, such as Sihwa and La Rance, use
relatively mature and well-established in-stream turbine technologies that also are used in run-of-
river hydropower projects. The United Kingdom’s proposed 320 MW Swansea Bay tidal barrage
project received a favourable independent review in early 2017, but concerns have been raised
about its cost and potential ecological impact, and it continued to await government approval by
year’s end.

Other open-water technologies, such as tidal stream and wave energy converters, are generally in
an earlier stage of development, with various prototypes deployed. Tidal stream technologies are
probably closest to technological maturity and have shown a significant convergence around the use
of horizontal-axis turbines, combined with a variety of mooring techniques. The first tidal turbine
arrays (a cluster of multiple interconnected turbines) were being deployed in 2017.

Conversely, wave energy technology development shows very little technological convergence, due
in part to the diversity of the wave resource and the complexity of extracting energy from waves.
Wave energy converter demonstration projects are mostly in the pre-commercial stage. Developers
of ocean thermal energy conversion and salinity gradient technologies are also far from commercial
deployment, having launched only a few pilot projects.
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OCEAN ENERGY INDUSTRY: Optimism prevailed in the industry in 2017, particularly in Europe, where
some technologies advanced enough to be on the brink of commercialisation. The industry started
constructing its first manufacturing plants, promising greater production scale and cost reductions.
By one count, over 90 tidal energy technology developers around the world were advancing various
technologies during 2017, with about half of them focusing on horizontal-axis turbines. Meanwhile,
well over 200 companies were developing wave energy converters of various types, with point-
absorber devices being the most common approach.

Scotland continued to be the centre of tidal energy developments in 2017. Scotland’s MeyGen tidal
stream energy project completed the initial leg of its first phase, with all four 1.5 MW horizontal-axis
turbines delivering power to the grid by early 2017. By late in the year, the project had fed 2.6 GWh
of electricity to the grid and was close to entering its planned 25-year operational phase. As of early
2018, MeyGen’s developers had received full consent to expand the project up to 86 MW (the
offshore lease on the site permits up to 398 MW), with installation expected to continue into 2019.
Also in Scotland, Nova Innovation (United Kingdom) installed in Shetland’s Bluemull Sound a third
100 kilowatt (kW) directdrive turbine in what the company claimed was the world’s first grid-
connected tidal array (the first two turbines were launched in 2016). Nova Innovation led a group of
industrial, academic and research organisations in securing EU funding in support of ocean energy
technology, for a total of EUR 19.3 million (USD 23.1 million). Some of the funds will support
expansion of the Bluemull Sound array to six turbines, with the expectation that it will provide
enough insight into operational performance to reduce the costs of tidal energy and boost the
confidence of potential investors.

Another tidal energy developer to receive EU support in 2017 was Scotrenewables Tidal Power
(United Kingdom). The company’s 2 MW SR2000 device, first installed in 2016 at the European
Marine Energy Centre (EMEC) in Orkney, Scotland, operated at full power as it underwent a test
programme in 2017. The unit supplied power to the grid in high-sea conditions, providing the
equivalent of 7% of the electricity demand of the Orkney Islands (more than 1.2 GWh by the end of
the year). The SR2000 incorporates two 1 MW horizontal-axis turbines (each with a 16-metre rotor
diameter) that are mounted on a floating hull platform.

In Cherbourg, France, Naval Energies started building a facility to manufacture tidal turbines, with a
planned production capacity of 25 units per year. The plant, which will produce 2 MW open-centre
turbines by OpenHydro (a subsidiary of Naval Energies, previously DCNS Energies) in partnership with
EDF Energies Nouvelles of France, is expected to mark the start of an industrial phase in the tidal
energy sector and to launch the commercialisation of the technology. Seven of those turbines were
scheduled for deployment at the Normandy Hydro Project at Raz Blanchard, starting in 2018.

Also in France, tidal turbine developer Guinard Energies carried out a demonstration of its 3.5 kW
P66 turbine. The small design of the turbine aims to simplify installation and maintenance in isolated
areas, including hybrid applications with solar PV and batteries.

One of the challenges for ocean energy developers is to devise efficient and cost-effective PTO
devices that can cope with the unique demands of ocean energy. With the aim of eliminating the
need for hydraulic components in PTOs, DOE-funded research yielded a prototype magnetically
geared generator that could be ideal for low-speed, high-torque applications such as wave energy
conversion. Other successful DOE-funded research during 2017 aimed to make the components
used in tidal energy devices more durable and efficient, to reduce operating costs, and to advance
commercialisation.

In late 2016 through mid-2017, Chinese authorities released several edicts on energy and
technology innovation, including the 13th Five-Year Plan on Ocean Energy. The specific targets for
ocean energy include the development of new demonstration and testing facilities, the construction
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of island projects and a capacity target for the installation of 50 MW by 2020.44

In 2017, the European Commission published a report to shed light on the reasons for past failures
in ocean energy development and on the lessons that might be drawn from experience. The report
calls for a “covenant” between the industry and the public sector that would seek: co-ordinated
evaluation of technology development; certification, performance guarantees, standardisation and
accreditation; a consistent policy framework and alighnment of public funding activities; a staged
support structure with strict conditions; and the application of performance criteria to assess
technological and sectoral readiness, all for a more selective and targeted support.

[ pessu yfirliti kemur gloggt fram st mikla ahersla sem 16gd er 4 ad na tékum & sjavarorkunytingu.
Nefnd eru deemi um nokkur stér verkefni, sem reyndar ldta flest ad stifluvirkjunum og
skrafuhverflum. ba kemur fram hin mikla ahersla sem fremstu idnriki heims leggja a préun
sjavarorkunytingar, t.d. Evrépusambandid og Kina. islensk stjérnvéld purfa ad gera stératak i pessum
efnum og stofnanir hérlendis purfa ad breyta vidhorfum sinum ef vid setlum ekki ad dragast afturur
00rum rikjum og ef vid setlum ad nyta pau gullnu taekifeeri sem nu bjédast 4 pessu svidi.

Ur skyrslu WEC: ,World Energy Resources; Marine energy 2016“:

Fyrirvari: World Energy Council; , Alpjéda orkuradié”, er vidamikill samradsvettvangur
heimsrikja og hagsmunaadila 4 svidi orkumala. Ekki er alltaf samhljémur med skyrslum,
alyktunum og nidurst6dum WEC og annarra skyrsina, t.d. IEA-OES; Ren21 eda
fraedimanna; einkum i pvi sem vardar nyja orkugjafa eins og hér um raedir. Skyrist petta
liklega af pvi ad WEC er i raun bandalag hagsmunaadila sem pegar starfa 4 orkumarkadi.
parf pvi ad lita & nidurstédur WEC { pvi ljési. [ eftirfarandi kafla eru t.d. ésannadar
fullyrdingar um hagkveeman nytanleika straumhrada sem er undir 2,5 m/sek. Nokkrir
adilar, m.a. Valorka og Tidal sails hanna taekni til nytingar haegari straums.

INTRODUCTION: The conversion of ocean energy resources to electricity could play an important
role in meeting rising global energy demand, mitigating climate change, diversifying our energy
supply and bolstering economic activity. However, at to date only a handful of commercial ocean
energy projects have been delivered, reflecting the current immaturity and high costs of these
technologies, as well as the challenging market environment in which they operate.

Today 0.5 GW of commercial ocean energy generation capacity is in operation and another 1.7 GW
under construction, with 99% of this accounted for by tidal range. While relatively few commercial
scale wave, tidal stream or OTEC projects are operational we find three tidal stream commercial
projects accounting for 17 MW of capacity (two in Scotland and one in France) and a 1 MW
commercial wave energy array in Sweden are to be commissioned shortly. A host of OTEC projects
are also gathering momentum, with two 10 MW schemes being developed, one by DCNS in
Martinique and the other by Lockheed Martin in China. If all planned commercial projects reach
fruition then an additional 15 GW of ocean energy capacity will come online over the coming years.

TIDAL STREAM: Oceanic tides are the function of the motion of the moon and sun relative to the
earth. These gravitational forces in combination with the rotation of the earth on its axis cause
periodic movements of the oceans and seas . As explained by Mofor et al.(2014) ‘the vertical rise and
fall of water, known as tides...is accompanied by an incoming (flood) or outgoing (ebb) horizontal
flow of water in bays, harbours, estuaries and straits’ (p.4). It is this flow that is known as tidal
current or tidal stream. Tidal stream devices working in a similar fashion to wind turbines using water
currents instead of wind to convert kinetic energy into electricity.
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The energy potential of tidal currents is typically located in areas with the greatest tidal range.
However, this potential increases in areas where the flow of water is constrained or funnelled by
local topography such as narrow straits and headlands, and where the water depth is relatively
shallow6. ‘In particular, large marine current flows exist where there is a significant phase difference
between the tides that flow on either side of large islands’ .

It is difficult to identify reliable estimates for global tidal stream energy potential but Charlier &
Justus (1993) estimate total tidal energy potential (i.e. tidal range and tidal stream) at 3 TW, with 1
TW located in relatively shallow waters. However, due to geographical, technical and environmental
constraints only a fraction of this could be captured in practical terms. In practice, suitable locations
need mean spring peak tidal currents that are faster than 2-2.5 m/s to offer an energy density that
allows for an economically viable project, accounting for the fact that as the tide changes there will
be little or no horizontal flow of water. Importantly, ‘major tidal streams have been identified along
the coastlines of every continent, making it a global, albeit site specific, resource’. For example, at
the European level 106 locations with a strong tidal stream potential were identified, together
offering 48 TWh/yr (0.17 EJ/yr) of potential resourcell. A similar study examined Europe’s tidal
stream potential identifying that it was predominantly concentrated around the British Isles and
English Channel.

A pessu heimskorti sjast i gréfum drattum
pbau svaedi (svort til gult) par sem mestrar
sveiflu geetir i sjadvarhad, en par er einnig
mesta orkan i sjavarfallastraumum.
Greina ma slika litabreytingu vid vestan-
og austanvert [sland. Hvitu punktarnir eru
jafnstodupunktar par sem ekki gaetir
sjavarfalla og hvitu linurnar Gtfra peim eru
jafntimalinur sjavarfalla. (VO)

ESB: , Ocean Energy Roadmap*:
Hér sést stada sjavarorkuteekni i
Evrépusambandsrikjum arié 2016. 93 W Tidal Sueam W Wave
sjavarorkuverkefni hofdu fengid leyfi; 32
peirra voru i smidum; 12 voru komin {
sjéproéfanir, med um 11 MW
framleidslugetu, en 17 hofdu lagst af.

Figure 1. Europe — deployed tidal stream and wave capacity, capacity under construction and
permitted capacity (MW) — situation at June 2016

Decommissioned In the water Under construction Permitted

Source: Ocean Energy Europe, Kit-in-the-water databasze.
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Kafli 3. Hagkvaemni nytingar sjavarfallaorku

3.1. Préun nyfjarfestinga og orkuframleidsla

Ren21: bréun nyfjarfestinga i endurnyjanlegri orku

2007 2008 2009 2010 20m 20012 2013 2004 2016 2006 2017
| Billion USD

Scllarp{)wer 387 615 | 6&4.0 | 103.3 | 1581 | 1405 | M99 | 1453 | 179.3 | 1365 | 1608
HWind power 60.9 748 785 | 115 gr2 | B36 | 864 | 107 | 1247 | 1216 | 1072

m Biomass and waste-to-energy 229 175 151 16.9 20.2 168 14.0 127 9.4 T3 47

Hydropower <50 MW 6.5 76 6.2 8.2 6 6.5 548 7.0 38 39 34
n Biofuels r4 18.2 10.2 10.6 10.6 T2 5.2 5.2 35 21 20
Geothermal 17 17 2.8 29 38 16 2.8 29 25 25 16
Jcean energy 0.8 0.2 0.3 0.z 0.2 03 0.2 0.3 0.z 0.2 0.2

Ren21: Heimsfamleidsla endurnyjanlegrar orku 2017:

Power Capacity (GW)

n Bio-power 8.1 122
Geothermal power oF 128
b~ Hydropower 19 114
b= (Clcean power -0 05
. Solar PV 98 402
m Concentrating solar thermal power (CSP) 01 49
E Wind power 682 539
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3.2. Kostnadarmat WEC

Ollum leikur hugur & ad vita hvort sjavarfallaorka verdur samkeppnishaefur valkostur i orkuéflun. pé
spurningin sé einfold liggur svarid vid henni alls ekki fyrir @ pessari stundu. Til ad svara henni parf
fyrst ad svara ymsu um ahrifapaetti verdsins, og margt i peim efnum er had tilkunum og spam pé
annad megi reikna og rokstydja. Heett er pvi vid ad svorin verdi jafn morg og svarendurnir, auk pess
sem pau kunna ad litast af hagsmunum par sem peir nd fétfestu.

[ pessum kafla verdur gripid nidur i skyrslur nokkurra adila sem reynt hafa ad spa fyrir um orkuverd
fra sjavarfallavirkjunum; pratt fyrir ad engin peirra sé komin i fjoldaframleidslu og adeins orfaar hafi
byrjad tilraunakeyrslu inn 4 neyslunet.

Traverdugleiki pessara spaddma er liklega mestur hja peim adilum sem hafa lagt sig fram um ad nota
fraedilegar adferdir; hja peim sem lita til allra ahrifapatta og hja peim sem birta fremur likur a
samkeppnishafi en ndkvaem verd. | eftirfarandi spa WEC er nytt reynsla 6rfarra tilraunataekja &
byrjunarstigi til ad spa fyrir um verdlag orku fra fullpréadri taekni. Slikum nidurstodum parf ad taka
med verulegum fyrirvara. [ reynd er markleysa ad yfirfeera framleisdslukostnad fyrstu frumgerda &
bad sem verdur pegar taknin er fullbréud og komin i fijoldaframleidslu; og eftir ad buid er ad leggja
sanngjarna umhverfisskatta 4 adra orkuframleidslu.

Ur skyrslu WEC: ,,World Energy Resources; Marine energy 2016“:

TECHNOLOGY COSTS: Bloomberg New Energy Finance’s (BNEF) analysis of energy technologies
levelised cost of electricity (LCOE) identifies the major disparity between the cost of ocean energy
versus other forms of generation (Figure 9). The central scenario for 2015 (H2) estimates the LCOE of
wave energy at approximately USS500/MWh whilst tidal sits at approximately US$440/MWh. It could
be argued that there is a stronger degree of certainty over the costs of tidal versus wave energy
given the stronger technological convergence and greater installed capacity. More broadly, the figure
illustrates the high cost of ocean energy versus other renewables, for example offshore wind
(USS174/MWh), crystalline silicon solar PV (US$122/MWh), onshore wind (US$83/MWh) and large
hydro (US$70/MWh).

Marine - wave ™Y 1037
Marine - tidal @ 844
STEG-LFR ®
STEG - parabolic trough w/... 3
STEG - tower & heliostat... ]
Wind - offshore e
Geothermal - binary plant L ]
Biomass - gasification L]
Biomass - incineration [ 2
PV - thin film e O
PV - ¢-Si tracking [ )
Landfill gas L ]
PV - ¢-Si .
Municipal solid waste L]
Wind - onshore L 2
Geothermal - flash plant
Large hydro
Biomass - anaerobic digestion °
Small hydro .
Nuclear " ES
CHP | 4
Natural gas CCGT m [
Coal fired as L

0 100 200 300 400 500
Regional scenarios ©H12015central ®H2 2015 central

Fossil technoiogies W us M China B Europe W Australia

Note: STEG = solar thermal electric generation Source: Bloomberg New Energy Financt
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3.3. Mat IEA-OES a kostnadarpattum
Ur skyrslu IEA-OES: ,,International levelised cost of energy for ocean energy technologies“:

Liklega er petta sannferdugasta skyrslan sem vol er 4 um mat a orkuverdi fra sjavarvirkjunum. Hér er
vidfangsefnid nalgast ar ymsum attum og ymsir ahrifapaettir skodadir. Nokkud vantar pd uppd til ad
fullrar sanngirni sé geett vardandi samkeppnishafni. T.d. er hér ekki lagt mat 4 takmarkanir og skatta
vegna umhverfispatta, sem munu an vafa haekka verd hefdbundinna orkukosta verulega og um leid
auka samkeppnishaefi sjavarorku.

EXECUTIVE SUMMARY: Wave, Tidal Stream and Ocean Thermal Energy Conversion (OTEC)
technologies have been the subject of much research both nationally and internationally. While
much development has taken place, the technologies have not yet realised commercial array scale
deployment. Energy system modelling to incorporate future technological advances is based around
a series of assumptions which attempt to present potential pathways for new energy technologies to
emerge and become established as a part of the wider energy mix. In order to enhance existing
energy system modelling, a thorough investigation of the Levelised Cost of Energy (LCOE) for wave,
tidal and OTEC technologies has been undertaken. This assessment draws upon industry’s state of
the art knowledge around the costs to deploy and operate each technology in its current state, and
the cost reductions that are foreseen on the route to product commercialisation.

Each technology under consideration within this report is at a different stage of development, and
presents its own unique challenges. In addition, the likely scale of technology varies between wave,
tidal and OTEC, with the latter more likely to be deployed as a large-scale multi-MW power plant
(similar to conventional thermal power generation) in comparison to the modular design of wave and
tidal stream technologies. Wave and tidal technologies are modular in design, and therefore large
power plant capacities will be achieved by the utilisation of multiple modular energy converters.

Engagement with relevant stakeholders in a number of OES Member countries has allowed an
international context to be provided for each technology. As a result, mean values across a range of
parameters have been obtained as a representative of the average across the industry as a whole.

A Firsy Yecome Commercial
Project Praject Project
|

Concept Prototype
Kostnadur verkefna sem fall af
préounarstigi. Kostnadurinn er mestur a
stigi frumgerdar, en a pvi stigi eru flestir
hverflar sem nd eru i préun. Hverfill
Valorku er ad ndlgast pann topp.
Kostnadur fellur hratt pegar fyrsta virkjun
fer ad skila orku inn & kerfi, og enn frekar
vid fjdldaframleidslu og notkun i staerri
stil.

Cost (S)

Stage of Development

LEARNING CURVES are typically used when predicting longer-term cost reductions for an industry.
For each doubling of the deployed capacity, a certain percentage cost reduction is attained. Similar
renewable energy technologies have historically attained learning rates in the order of 10%-30%.
Wind technology, for example, which is the most closely related, has demonstrated learning rates in
the order of 15%. It is important to understand that these cumulative cost reductions are tied to a
wide range of factors that can drive cost down, including manufacturing scale, operational
efficiencies, improved reliability and availability, and fundamental design changes.
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U.S. (1990) S/kW

10 100 1,000 10,000 100,000
Cumulative MW Experience

® R&D and technical demonstration phase
@ Commercialization phase

Hér sést reynsla nokkurra orkuframleidsluadferda, sem synir hvernig verd nyrrar orku fellur eftir ad
taekni kemst & markad.

Tidal Technology LCOE Assessment:

Across the globe, increasing level of attention is being given to community scale technologies and
projects with capacities in the region of tens or hundreds of kilowatts. While still of a higher cost than
incumbent sources of electricity generation, these projects can be installed at a lower overall CAPEX
in order to appropriately mitigate risk, and therefore represent a development pathway that could
be considered attractive for phased-risk 14000

technological development and iteration prior 12000

to the emergence of a commercial product. .... 17000

10000

Hér er synd préun zetlads stofnkostnadar = .

(CAPEX) fyrir sjavarfallavirkjun a premur TR — -
stigum: Vid fyrsta hverflabu; vié naesta
hverflabu og pegar fjoldaframleidsla hverfla er
haﬁn_ 158 arvary 2rd arvay Commetoal scrle projort

LE

APEX (5AW)

The first array costs documented in this analysis are in line with those calculated in previous work,
where ranges such as 5600-12000 $/kW (SI Ocean, 2013), 9600-16000 S/kW (Carbon Trust, 2011),
and 4800-8100 S/kW (Black & Veatch, Ernst & Young, 2010) are found in the literature.

As the level of deployment increases, the overall CAPEX costs are anticipated to fall. Significant cost
reduction is anticipated in the areas of installation, grid connection, and project development. This is
in alignment with a move to larger arrays, and through process improvements as a result of learning
by doing. In addition to the falling mean CAPEX value as deployment progresses, there was significant
convergence in the range of CAPEX costs, with industry convergence resulting in a reduced spread in
the level of CAPEX cost variation by the time companies deploy their first commercial project. It
should be noted that the figures for “commercial scale project” above represent the early
commercial arrays deployed by technology developers, and as such do not represent the long term
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cost reduction possibilities in the event of large scale array build out. Further cost reductions will
likely be seen as the industry enters a post-commercialisation phase.

>5006W Trend & <S00kW

* >500kW <S006kW Trend X Reference Reports

25000

200 -

15000

CAPEX (S/%wW)

5000 e

1 10 100

Project Capacity (MW)

The consultation process considered technologies at both large (2500 kW) scale and small (<500
kW) scale, with the trend associated with each mode of scale differing slightly. The technology scales
have been separated in the above plot in order to highlight the two emerging trends. While current
capital costs for the first arrays have a diverse spread for the larger scale technologies — particularly
in the early projects — the small scale technologies claim to offer lower capital costs per kW installed.
... The future cost reduction trend for large scale technologies is significantly greater
than that of the small technologies, indicative of the greater levels of cost reduction that must be
achieved when progressing to larger arrays. There is convergence between large and small scale
technologies towards the anticipated CAPEX cost value at the commercial scale project. It should be
noted that the above figure is not representative of learning, but instead projects the starting cost
that will be achieved using given deployment scales. Learning by doing will result in cost reduction,
but this cannot be extrapolated from the above figure. (Undirstrikum VO).

Hér er dlyktad ad minni sjavarorkuver séu liklegri til ad verda samkeppnishaefari vardandi
stofnkostnad en stéru hverflarnir. bessi alyktun gengur pvert a fyrri kennisetningar margra, en er i
gddu samraemi vid dzetlanir Valorku.

OPEX:

Due to the uncertain nature of O&M costs, and the direct negative impact of any unscheduled
maintenance routines, the OPEX cost parameters were highly variable. While certain technology
developers are confident that existing deployment experience has allowed for low costs associated
with maintenance needs, the OPEX costs remain largely unproven even in the most mature
technologies. The cost of offshore operations is a significant driver in the levels of uncertainty as
indicated by the wide range of responses from the developers consulted.
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Hér sést ad aetladur rekstrarkostnadur tam
sjavarfallavirkjunar minnkar verulega fra gangsetningu
fyrsta hverflabus til pess naesta; og enn frekar pegar
fioldaframleidsla er hafin pdé pd sé munurinn minnien i
tilfelli stofnkostnadar i téflunni hér & undan.
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Amual OFE

As deployment levels increase, the OPEX costs must reduce in order to achieve economic
performance of ocean energy technology. The cost associated with annual O&M is expected to fall
dramatically across the industry. Although an increase in array size will result in significant increase in
the number of units deployed, OPEX costs are expected to fall as technology matures and sufficient
proof of reliability is made. However, opportunity to increase the scale of array deployment will only
occur if sufficient confidence in the technology is established within key stakeholder groups.

ANNUAL ENERGY PRODUCTION: The annual energy produced from an array of devices is calculated
based on two key factors — Capacity factor (or load factor) and availability. Increased capacity factor
results in a higher Annual Energy Production (AEP) per kW installed.

Responses to the stakeholder engagement suggested that capacity factor was likely to range
between 35% and 42%. Previous studies have suggested that capacity factors are likely to range
between 27% and 35% (S| Ocean, 2013), but this new research reflects an upward trend in the
anticipated capacity factor of the early arrays. As such, a 35%-42% range has been considered herein.
The sector averaged trend shows a slight increase in capacity factor between 1starray and 2ndarray
deployments. However, the commercial target sees a slight reduction in anticipated capacity factor,
perhaps due to use of less energetic resource locations for larger scale deployments, but also due to
an inversely proportional trend between average device capacity factor and overall array size. As
array scales increase, the net energy extraction and “farm shadow effect” will cause a reduction in
the resource available for extraction reaching devices located behind the first row.

Hér er byggt a reynslu farra skrufuhverfla.
Framleidslugeta a hverflaeiningu eykst nokkud fra
fyrsta hverflabui til pess naesta, en dregst saman
vio frekari virkjun. betta er talid skyrast
annarsvegar af ,skuggadhrifum” hverfla og
hinsvegar af pvi ad sidari svaedi séu ekki eins
orkurik. Rétt er pa ad hafa i huga ad sveedi sem
henta skrufuhverflum eru langtum fzerri og
prengri en pau sem henta t.d. hverflum Valorku. - = ——
bvi ma zetla ad slikur samdrattur eigi ekki vid um G
haegstraumshverfla.

Capacey fxctor (%)

Availability was assumed to improve over time by each technology developer, with respondents
suggesting ranges of between 75% and 98% for the first arrays, with an increasing trend in availability
expectations as projects progress. The sector averaged availability trend shows increasing availability
from a mean value of 88% for the first array to a mean value of 96% for the commercial array
projects. It can be noted that certain technology developers are anticipating very high availabilities,
even in the first array project. A summary of the availability ranges provided from the stakeholder
engagement can be seen below.
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Hér er synd atlud préun areidanleika. Hann er
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The level of Annual Energy Production can have a significant impact on the overall LCOE, so
developers are targeting high device availabilities in order to minimise the LCOE. These high
reliabilities and availabilities require demonstration, with improvements on current statistics
necessary in order to meet these stringent targets.

LEWELISED COST OF ENERGY: The LCOE calculation is described within Section 2 of this report. It
has been suggested that the levels of uncertainty associated with estimates at this stage of
technology development could be in the order of £30%. The CAPEX and OPEX costs that have been
used were acquired from analysis of industry averaged data for first array, second array, and long-
term project targets have been used as the input values in the LCOE calculation, resulting in the
following LCOE ranges. The LCOE ranges are diverse within the first array deployment, but clear
convergence is seen across the tidal energy sector as progression is made towards commercial scale
projects. The SI Ocean project indicates a current LCOE range of 250-470 €/MWh (SI Ocean, 2013),
which equates to approximately 333-625 $/MWh. This SI Ocean data range is within, but at the lower
end of, the spectrum identified within the “first array project” phase of this analysis.

Hér sést greinilega hvernig xtlad soluverd
raforku fellur verulega, strax eftir ad fyrsta
orkuver hefur verid gangsett; og enn frekar
vio fjoldaframleidslu. Pessi nidurstada er i
allmikilli andstodu vid svartsynisraddir i
sumum 6drum skyrslum, t.d. skyrslum WEC
og islenska atvinnuvegaraduneytisins, sem
virdast litadar af hagsmunum nuverandi
orkuframleidenda.
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The industry averaged LCOE value has been achieved through averaging across a range of technology
developers. The percentage breakdown therefore does not represent one particular technology,
rather an average across the tidal energy industry as a whole. A breakdown of CAPEX (by specific cost
centre) and OPEX contributions to the LCOE is presented in Figure 9 below.

LCOE breakdown:

27



Project development
u Grid connaction
o Davice
¥ Moorings and Foundations
= Installation
" OPEX

The size of the pie chart has been adjusted such that the area of the chart is representative of the
total LCOE. Whilst the cost breakdowns may appear similar, there is a significant difference in the
overall LCOE value. Although costs in real terms are expected to decrease across all the identified
cost centres resulting in a lower LCOE value, the relative breakdown of CAPEX associated with the
device itself is expected to increase relative to other CAPEX costs. Operational costs are expected to
represent an increased proportion of the overall LCOE in commercial arrays.

LCOE TREND BY SIZE OF THE PROJECT: The uncertainty levels at each deployment stage, as agreed
through industry consultation, resulted in the calculation of maximum and minimum bounds of
1+30%, based on the LCOE reduction trend associated with the industry consultation data. In general,
the responses from industry indicated an increase in array scale with increasing maturity of the
technology. The scale of array to be deployed at each of the stages under consideration varied
widely, and again the LCOE chart has been presented with two technology scales: Large scale (=500
kW) and small scale (<500 kW).

* OS500kW ——3>500kW Trend 4 <S00KW -~ <SDOKW Trend X Reference Repoets
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It must be remembered that the above chart does not represent the effects of learning, merely the
initial LCOE of array projects at given array scales. It would be anticipated that learning by doing
would result in cost reductions over time, and this will be discussed in the following section.

It must be stressed that this learning rate projection is based upon a plausible, yet hypothetical
deployment scenario, in which the LCOE of tidal stream energy would reach cost competitiveness
with the current costs of offshore wind (approximately 240 S/MWh) within 1250 MW of cumulative
deployment. Further cost reduction would be expected with continued deployment

Whilst individual technologies offer different cost reduction and learning opportunities, the analysis
presented here represents a less optimistic learning rate than has been associated with other
European projects such as Sl Ocean. In Sl Ocean, data suggests that an LCOE of 100 €/MWh
(approximately 133 S/MWh) could be achieved after 10 GW of cumulative deployment, using a
learning rate of 12%. However, the analysis carried out within this report suggests that previous work
may be optimistic, with costs only reducing to approximately 160 S/MWh within the given 10 GW
deployment frame.

TIDAL STREAM ENERGY CONCLUSION: Although tidal stream energy converters have converged
upon the horizontal axis turbine, there still exists design diversity in terms of number of rotors, rotor
diameter and rated capacity of early prototype designs. Many of the early companies developing
technology for the tidal stream industry focused on MW scale devices and multi-MW arrays.
However, a number of companies are now present whose focus lies firmly on the smaller capacity
devices.

The data suggests that small scale technology could offer a lower LCOE in the short term with the
early projects, however there is convergence in terms of LCOE once MW scale technologies reach
their commercialisation target and larger deployment capacities.

It is anticipated that in order to meet national level deployment targets, the use of large scale
technologies will be required in the long term. However, the short term deployment programme will
see significant benefit from a greater focus on the symbiotic deployment of technologies at the lower
scale of the spectrum.

It is difficult to present the cumulative deployed capacity of the tidal energy industry without being
subjective (the number of stakeholders engaging with this project do not cover the full spectrum of
tidal stream energy deployment worldwide, but represents a reflective proportion of industry
stakeholders; however this list is not exhaustive).

The commercial targets presented in this report are the CAPEX, OPEX, and LCOE values that
developers anticipate to reach with their first commercial project. As such, continued cost reduction
can be expected with larger scale roll-out and deployment of tidal energy technology. The
commercial targets described within this report confirm that the tidal energy sector will require
continued support and incentive mechanisms in the medium-term to enable the projects to be
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economically viable and financially attractive, albeit the level of support provided could see
reduction if technologies meet their commercialisation target aspirations. The cost reduction trends
outlined in this report clearly mark out the trajectory that the tidal energy sector must achieve in
order to maintain continued positive public and private sector support.

DISCUSSION AND CONCLUSIONS: This project has contributed significantly to the state of the art in
knowledge of LCOE and cost reduction trajectories for Wave, Tidal Stream, and OTEC on an
international level. Industry consultation has allowed the development of revised cost models for all
the technologies considered, producing revised expectations on the development trajectory for each
technology.

Some similarities exist among the technologies considered. Current LCOE values are very high for
wave, tidal and OTEC technologies in comparison to the incumbent power generation technologies,
leading to significant cost-reduction requirements in order to become competitive. Although
progress has been demonstrated to date, the level of progress is not on par with expectations. The
rate of deployment has been significantly slower than anticipated by some investors and
policymakers.

At this stage in the development of each technology, the best available data comes from pilot
projects. In conjunction with a simplified cost model, as used within this approach, the uncertainty
level was expected to be in the region of £30%, consistent with studies in other technologies both
within and outside of the energy sector.

There were also a number of differences between the technologies that were clear within this
study. Wave energy sector development lags that of tidal stream energy, and there is an identified
lack of fundamental performance and operational data to validate the early stage projections made
by wave energy technology developers.

Tidal stream energy converters have largely converged on horizontal axis designs; however there is
a clear split in the development trajectory. The first considers large scale technology, greater than or
equal to 500 kW in capacity, which has been the mainstay of development to date. The second
considers the development of small scale technology less than 500 kW in scale. The data provided for
this project suggests that the smaller scale technologies could offer a lower LCOE in the short term,
with greater opportunity to achieve cost reduction targets through up-scaling of technology. Larger
scale technology will reach cost competitiveness with the smaller scale technologies only after
considerable deployment has taken place. (Undirstrikun VO).

The economies of scale and LCOE analysis clearly indicate that OTEC plants at a large scale are
economically more attractive for the first project. In contrast, while wave and tidal stream energy
technologies could achieve lower LCOE through multi-MW array deployment, the route to multi-MW
arrays must first allow for development and deployment of the earlier lower-capacity arrays. LCOE
reductions for wave and tidal stream energy are dependent on build out of early arrays, and not
immediate progression on to large-scale multi-MW projects. Confidence in the technology must be
gained at these early array stages prior to the progression and build-out of larger array capacities.

Wave and tidal stream energy technologies are modular in design, and therefore the range of
perceived deployment capacities for future array projects varied widely.
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3.4. Spa rannéknamidstédvar ESB
JRC: JRC Ocean energy status report, 2016 edition:

TIDAL ENERGY RDI AND COST REDUCTION: According to the OEF (Ocean Energy Forum 2016), the
tidal energy industry should focus on the reliability of the technology developed so far, and in
bridging the gap towards the creation of a stable tidal energy market. Nevertheless, R&D activities
are necessary to ensure that the cost of the technology can be reduced to meet the targets agreed in
the SET-Plan declaration of intent. A mix of deployment and technology innovation are needed.

1.2 T Poor resources
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The figure shows that current LCOE ranges between 54 and 71 cEUR/kWh today for an average
resource, with a reference value of about 62 cEUR/kWh. Low resource and high resource were
represented by using different capacity factors. LCEO predictions have been calculated applying the
same methodology as in the previous edition of this report [Magagna & Uihlein 2015]. The learning
rates that were applied are 12 % for CAPEX and 3 % for OPEX. The band- 8 width of the average
resource represents the low and high CAPEX values. To meet the 2025 targets agreed in the SET-Plan
declaration of intent, the cumulative capacity of tidal energy should reach 1000 MW to 10000 MW.

When we look at the possibilities to reduce the levelised cost of electricity of tidal energy, it seems
promising to aim reducing CAPEX cost components and improving the device performance in terms
of availability and capacity factors.

Since 2014, in the EU, the Horizon 2020 framework programme has funded 10 tidal energy
projects for a total of about EUR 30 million. Five of these projects are directed to Research and
Innovation Actions (RIA) to improve existing technologies.

Most projects share a common goal of reducing the cost of existing technologies; and of
incorporating the results of the ongoing R&D activities in their future devices.

Specific area of focus for most of the projects include the optimisation of the Power Take Off
(PTO), improved access to the turbine for ease of maintenance, and innovative monitoring solution
for the removal of uncertainties related to the environmental impact of tidal turbines on marine
mammals.

From a strict technological point of view, R&D activities on PTO could bring a number of
advantages to the future generation of tidal devices. Increased power capture will lead to increased
capacity factors and to lower LCEO.
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Furthermore, H2020 projects such as Tipa and TAOIDE are working in developing wetgap PTO,
rather than in sealed air-gap PTOs. Current systems employ air-gap systems, making the system
susceptible to the presence of water in the nacelle. The

results of such activities are expected to reduce 10
significantly maintenance intervals of tidal turbines, % %
and thus decrease the cost related to O&M.

08
Hagkveemniaukning sjavarfallavirkjana i €/kWst, greind
4 einstaka kostnadarpeetti. Fyrir hvern patt er synd 06
nidurstada annarsvegar fyrir 30% aukningu hagkveemni
(blatt) og hinsvegar 50% (rautt). 04
@20%
62 7 50%

The figure provides an overview of the reduction of
the LCOE taking into account reduction of cost-centres
and capacity factor improvements. 00

A reduction of the civil and structural costs (which
include structure, prime mover, moorings &
foundations) by 50 % could lead to a decrease of total
LCOE by almost 20 %. Reducing the costs of mechanical
equipment and installation by 50 % would allow a decrease of total LCOE by about 30 %.

Other possible improvement options that are not directly targeting capital expenditure could
include a reduction of operating expenditure (OPEX) Assuming a 50 % improvement in OPEX would
lead to reduction of the LCOE by 16 %. An increase of the capacity factor (CF) by 20% would translate
in a reduction of 18 % of the LCOE, whilst a 50% improvement of the CF would lead to a 33% cost
reduction for tidal technology.

When comparing the different options to reduce the overall costs of tidal energy, there is not one
option that is more favourable than others. From Figure 6, it becomes clear that a combination of all
measures could deliver a LCEO reduction of almost 75 % which would mean costs of about 15 ¢
EUR/kWh.
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Mechanical

& installation
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3.5. Lausnir til framleidslujéfnunar

Sjavarfoll orsakast af addrattarafli tungls og peim meginbylgjum sem myndast 3 yfirbordi sjavar
vegna pess. bau geta verid med nokkud élikum hzetti vegna adstaedna en par sem peirra geetir er
straumstyrkur peirra breytilegur innan hvers sélarhrings. Afleidingin er su ad orkuframleidsla
sjavarfallahverfla er einnig breytileg. Hér vid land og vida annarsstadar er flaedi tvisvar a sélarhring
og fjara jafn oft. bvi eru fallaskipti fjiorum sinnum; sem pydir algera framleidslustédvun
sjavarfallavirkjana. Fra fallaskiptum til mesta straumstyrks er framleidslan stigandi, en dalar svo
aftur til naestu fallaskipta. petta flokt i framleidslu hafa gagnrynendur sjavarfallavirkjana éspart bent
4 og notad sem vopn gegn pessari hreinu orkunytingu. En auditad er hér adeins um drlausnarefni ad
raeda. Lausnir eru pekktar a pessu vidfangsefni og hér skal bent 4 nokkrar peirra.

Nyting sjavarfallaorku til vatnshitunar er liklega einfaldasta og hagkveemasta lausnin til
sveiflujofnunar. b3 er raforka fra sjavarfallahverfli eda hverflabui leidd til lands og nytt til hitunar
vatns eda annars vokva i stérum einangrudum geymi/tanki. Vatn Ur geyminum ma svo nyta sem
hvert annad hitaveituvatn, t.d. til hitunar hdsa; fiskeldis eda til raforkuframleidslu. bPar sem virkjunin
keyrir beint inn 4 element er ekki um neinn kostnadarsaman jéfnunarbunad ad raeda, po vissulega
megi nyta hann einnig. Einkanlega aetti slikt Urraedi vel vid hérlendis og vidar 4 nordleegum slédum;
sér i lagi a ,,kéldum svaedum” sem ekki bua ad jaréhitavatni; enda er kynding husa ad jafnadi helsta
orkunotkun almennings. ba gaeti pessi adferd opnad leidir til atvinnuuppbyggingar t.d. i landeldi
fiska; grodurhusaraekt eda annarrar ,,greennar” atvinnuuppbyggingar. bessi notkun sjavarorku er
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einkar athugandi 4 st6dum sem ekki bua vid raforku fra netkerfi en liggja naerri orkurikri sjavarrost.
Hverfill Valorku er sérlega hentugur i pessu tilliti; mun hentugri en skrafuhverflar sem ekki geta nytt
hagstraum.

Samkeyrsla med 68rum orkugjofum er einnig adgengileg og sjalfsogd leid til orkujéfnunar, par sem
stadir liggja vel vid raforkuneti. Sérstaklega a petta vel vié par sem raforka & netinu er framleidd med
endurnyjanlegri orku og orkufyrirtaeki eru i eigu almennings, eins og stadan er hérlendis. Slik
samkeyrsla er t.d. forsenda pess ad unnt sé ad nyta hina éareidanlegu orku vindorkuvera, og er hér
um samkeyrslu ad raeda 4 sama grundvelli. Kostur slikrar samkeyrslu er ad med henni ma afla
samfelldrar spennujafnadrar orku. Sparast mun i I6num vatnsaflsvirkjana sem nyttar yréu i slikt, sem
aftur minnkar porf a frekari virkjunum og Iénagerd og studlar par med ad landvernd.

Nyting mismunandi fl6datima (e: phasing) er ahrifarik adferd til framleidslujofnunar. ba er hagnyttur
sa timamunur sem er & sjavarfollum fra einum virkjanastad til annars med langri strond. T.d. tekur
bad sjavarfallabylgjuna ad medaltali um 12,4 kist ad fara kringum island (VST; ,,Sjavarfallastraumar i
Breidafirdi“; 2008). Med pvi ad virkjadar veeru rastir kirngum landid; T.d. vid Vestfirdi, Langanes,
Austfirdi, Reykjanes, Snaefellsnes og i Breidafirdi og paer tengdar inn a orkunetid maetti fa all stoduga
orkudflun. petta & vidar vid, eins og sést af tilvitnudum greinum hér a eftir og 4 linuriti SEAI &
bladsidu 58 hér sidar.

Hledsla rafgeyma er adferd sem sifellt verdur vaenlegri, med hinni hrédu préun rafhladna sem fylgir
rafbilavaedingunni. M4 setla ad pessi adferd, e.t.v. dsamt hitun, verdi ofand innan tidar; einkum i
afskekktum byggdum og eyjasamfélégum par sem ekki er vol a tengingu vié orkunet. Visir ad slikri
notkun sjavarfallavirkjunar er reyndar ad komast i gagnid nu pegar, par sem franski skrufuhverfillinn
Sabella sinnir orkupérf naer 900 manna samfélags 4 eyjunni Ushant vid Bretaniuskaga. [ pvi tilviki eru
geymarnir nyttir til ad jafna ut smeerri sveiflur, en ekki framleidslustodvun yfir fallaskipti. Sja grein
um pad hér 3 eftir: ,Sabella installs tidal turbine coupled with battery storage kit“.

Skyld pessari j6fnunaradgerd er pad ad nota sjavarorku til hledslu rafbila og annarra hledslutaekja
pegar framleidsla er mest.

Daling og fleyting eru tveir moguleikar enn til framleidslujofnunar sjavarfallavirkjana, sem vel koma
til greina. [ fyrra tilvikinu er um pad ad raeda ad toppur mestu framleidslu hverfilsins er nyttur til ad
deela sjoé upp i Idn, en pegar haegir a fallastraumnum og dregur Ur framleidslu er rennsli Ur |éninu
keyrt i gegnum rafal til j6fnunar. Vida med t.d. strondum islands hagar pannig til ad orkumiklar rastir
eru undan haum nesjum, par sem nyta maetti einhverja hvilft i nokkurri haed sem jéofnunarléon an
mikilla umhverfisahrifa. Fleyting er af 6drum toga, po par sé einnig nytt stéduorka til geymslu. ba er
orka hverfilsins nytt til ad knyja binad sem dregur belgi eda annad flot nidur & aukid dypi. Uppdrif
flotsins er svo nytt til orkuframleidslu yfir fallaskiptin. bessi adferd hefur verid nokkud hugsud af
Valorku og veeri athugunarverdur kostur, einkum par sem dypi er verulegt. Henni fylgja mun minni
umhverfisahrif en peirri fyrrnefndu.

3.6. Adrar skyrslur og fraedigreinar um efnid

Ren21l: Um geymslu, jéfnun og nettengingu orku.

TECHNOLOGIES FOR SYSTEMS INTEGRATION: So-called enabling technologies help to integrate VRE
into the electricity sector and facilitate the coupling of renewable power with the thermal and
transport sectors. They include energy storage (both electrical and thermal) as well as digital
communication and control technologies for optimising distributed renewable energy for least-cost
resource allocation, load balancing and ancillary services.

Such technologies have been advancing in parallel with renewables, in part to increase the
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efficiency and reliability of energy systems. But they also can help to accommodate higher shares of
renewable energy by contributing to more flexible and integrated energy systems, provided that the
policy and regulatory environment enables this to occur and provides incentives where needed.

ENERGY STORAGE: Utility-scale electricity storage can advance integration in several ways: it
smooths fluctuating output from wind and solar power, and it enables the shifting of supply to better
align with demand, thereby reducing the incidence of curtailment. Customer (behind-the-meter)
electricity storage, installed alongside VRE systems, helps to integrate distributed resources by
storing electricity that is produced when it is not needed and releasing it when demand is higher; this
storage also can provide ancillary services (as does utility-scale storage) if markets and controls are
set up properly.

Thermal energy storage allows a temporal shift of renewable electricity or thermal energy supply to
meet demand for heating and cooling (or for conversion back to electricity) when needed, and can
allow (surplus) renewable electricity to serve thermal loads. Power-to-gas (P2G) technologies enable
temporal (seasonal), spatial and sectoral shifts, with the potential use of hydrogen fuel (and derived
ammonia) in transport and industry, including fertiliser production, and regional trade in renewable
energy. Pumped storage (hydropower) is well established and is the most significant source of
electricity storage globally, but other storage technologies are becoming cost-effective in some
applications.

HEAT PUMPS: Heat pumps use energy from an external source (generally grid electricity) to
efficiently provide heating or cooling services . When used with appropriate control measures and
thermal storage (e.g., thermal mass, hot water tanks, chilled water), heat pumps can help to balance
the electrical system by shifting load away from peak periods, and also to reduce curtailment of VRE
by using (surplus) solar and wind power to meet heating and cooling demand. Heat pumps that are
connected to district heating systems also can increase flexibility by using thermal storage capacities.

ELECTRIC VEHICLES: EVs can be a source of both demand- and supply-side flexibility. On the
demand side, EVs enable the use of renewable electricity in the transport sector. EVs draw significant
amounts of power, but, as with heat pumps, battery charging or hydrogen production can be
interrupted when it is not a priority. While uncontrolled EV charging could exacerbate load peaks,
charging that is managed to coincide with renewable power generation could help integrate larger
shares of VRE. Through vehicle-to-grid (V2G) technology and infrastructure, EVs also have the
potential to support grid stability by serving as electricity storage capacity. These enabling
technologies are advancing where there are supportive policies and market structures, including
effective price signals.

,Sabella installs tidal turbine coupled with battery storage kit".

Grein i veftimaritinu ,Marine Energy.biz“ i okt 2018, en timaritid er liklega

oflugasti pekkingamidillinn & svid sjavarorku na til dags.
French company Sabella has completed the reinstallation of its D10 tidal turbine in Fromveur
Passage, near Ushant island, where the onshore battery storage system has also been set up to
increase the grid stability. The immersion of the optimized Sabella’s D10 tidal power turbine was
completed on October 16, 2018, after which the 1IMW-rated device started generating electricity to
the island’s grid. The installation was carried out by the British company INYANGA-Tech, with the
Norwegian vessel Far Superior of the Solstad Farstad fleet. Sabella’s team will now focus on the
reliability of D10 power production, and the validation of the machine’s performance curves. In
parallel, numerous environmental studies on the marine environment will also be carried out.
The improvements made to the D10 turbine, which was deployed at the same location during 2015-
2016, include overhauling the entire power conversion chain, which has been doubled to increase
the robustness and reliability of the machine, and reduce the frequency of maintenance to every 8 to
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10 years, according to Sabella. These conversion elements, which are indispensable, make it possible
to provide a clean electrical signal that complies with the requirements of the network, Sabella said.
In addition, a battery storage capacity has been deployed onshore to smooth wave-induced
fluctuations in production that can disrupt current. The new D10 testing campaign, expected to last
for three years, marks a step forward towards creating a sustainable energy model for isolated
communities in off-grid locations with tidal energy resources.

»Resource assessment for future generations of tidal-stream energy arrays”.
Mikilvaegt er, pegar hugad er ad hagkveemni sjavarfallavirkjana, ad hafa i huga nidurstodur
ofannefndrar fraedigreinar, sem nanar er fjallad um a bls 9 hér framar. bar komast
sérfraedingar ad peirri nidurstodu ad pad umfang sjavarorku sem hingad til hefur talist
hagkveemt ad nyta, muni u.p.b. sjéfaldast med tilkomu nyrrar hverflataekni sem nt er i
préoun; svonefndrar 2.kynslddar, en pé einkum 3.kynslédar sjavarfallahverfla. Hverfill
Valorku er fremstur i préun 3.kynsddar hverla; p.e. hverfla sem ztlad er ad nyta um 1,5
m/sek straumhrada eda haegari 4 hagkveeman hatt.

»Renewable Energy sources and Climate Change Mitigation®. Skyrsla IPCC frd 2012. IPCC:
Intergovernmental Panel on Climate Change, -Alpjéda loftslagsrddid-, er byggt a
grunni Alpjéda vedurfraedistofnunarinnar WMO og Umhverfisstofnunar Sameinudu
pjédanna UNEP og er heimsrikjum til leidsagnar um umhverfismal og stefnumadtun a
pvi svidi. M.a. byggir Parisarsamkomulagid a radgjof IPCC.

PROSPECTS FOR OCEAN TECHNOLOGY IMPROVEMENT, INNOVATION AND INTEGRATION: As
emerging technologies, ocean energy devices have the potential for signifi cant technological
advances. Not only will device-specific R&D and deployment be important to achieving these
advances, but technology improvements and innovation in ocean energy converters are also likely to
be influenced by developments in related fields. Integration of ocean energy into wider energy
networks will need to recognize the widely varying generation characteristics arising from the
different resources. For example, electricity generation from tidal stream resources shows very high
variability over one to four hours, yet extremely limited variability over monthly or longer time
horizons.

»Evaluation and comparison of the levelized cost of tidal, wave and offshore wind energy“:
Grein i ,Journal of Renewable and sustainable energy” i september 2015, eftir Sharay Astaritz
hja haskdlanum i Santiago de Compostela; A. Vasquez hja sama haskdla, og Gregorio Iglesias
hja haskélanum i Plymouth. Ahugaverd og triverdug rannsékn a orkuverdi pessara priggja
orkuéflunarleida.

In the current context of environmental degradation and depletion of fossil fuels, marine energy
has emerged as an alternative to traditional energy resources. However, being in an initial step of
development, extracting energy from the ocean is often regarded as difficult and uneconomical. The
existing models for assessing marine energy costs are often oversimplified, leading to uncertainties
that may hold investors back and slow down the market penetration of this renewable. Therefore,
an accurate prediction of marine energy costs is fundamental to drawing conclusions about its
competitiveness.

Among the different possibilities of marine energy, this paper focuses on the economic analysis of
tidal, wave, and offshore wind energy. The individual costs involved in the construction of these
offshore energy parks and operation and maintenance tasks during their lifetime are determined.
With this information, the levelized cost (e/MW h) is calculated for offshore wind, wave and
tidal energy (€165/MW h, €225/MW h and €190/MW h, respectively). It is found that these
renewables have a higher energy cost than traditional energy sources; however, considering factors
such as the learning rate or externalities enhances their competitiveness.
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In the second part of this paper, combined energy systems, such as
hybrid converters, are presented as a future solution to boost the development of
marine energies. The synergies between these renewables are outlined, as well as the
cost savings that can be achieved through diversified energy systems.

THE PREOPERATING COST involves all the expenses incurred on preliminary studies, projects,
environmental impact assessment, consenting procedures, etc., as well as the direction and
coordination of the aforementioned activities. It will depend on a number of factors, such as the
location, as policies vary from one country to another, or the size of the installation. Therefore,
there is a wide range of values for this cost reported in the bibliography (Table 1). It is considered
that this cost ranges between €500 000 and €2 000 0008 and it is usually expressed as a
percentage of the capital cost (CAPEX). Moreover, the permitting and sitting fee is considered
to be $37 per kW installed, i.e., it is assumed to be around 37 times the capacity of the generator
in the unit of dollar.

TABLE I, Pre-operating and licenses costs.

Category Cost Source
Preoperating cost 105% CAPEX (£) 31 and 53
£500 000-£2 000 000 g
Licenses and permissions 0.037 x Installed power in W ($) a6
2% wind turbines cost (€) 31 and 53

Taflan hér ad ofan hlytur ad teljast nokkud ahugaverd, baedi fyrir Valorku og fyrir stjéornvéld sem
meta ,haefilegan® studning vid préun sjavarorkutaekni. Sérfraedingarnir daetla ad préunarkostnadur
hverfils 46ur en kemur ad tilraunakeyrslu hans gaeti verid frd 500.000 € til 2.000.000 €; p.e. milli 65 og
260 milljonir kréna (gengi 02.10.2018). Verkefni Valorku hafa, a 10 ara préunartima, fengid um 60
milljonir kréna alls i opinberan studning. Pau eru nu (i okt.2018) an alls opinbers studnings pratt fyrir
ad hafa sannad sig teeknilega; vera i forystu a sinu svidi & heimsvisu og pratt fyrir ad vera komin 4 stig
profana i sjo.

TIDAL ENERGY COSTS: The predevelopment cost is assumed to be the same than in offshore wind
energy farms since both are installations located in a marine environment. After the energy farm is
planned and all permissions are obtained, the next stage is the construction and start up of the plant.
The capital costis estimated to range between £1400/kW and £3000/kW.

Our references state that the device cost for horizontal axis tidal turbines is similar to offshore
wind turbines, and it is about 50% of the capital cost. The cost of the turbine is considered to be
around 30% This difference demonstrates the existing uncertainties in tidal energy
cost as being this technology in its infancy.

Ongoing maintenance costs include O&M costs, insurance costs, decommissioning costs,
and others. They are estimated to be between $191 000 and $302 000 annually. In
the same line one source considers an O&M cost between £121 000/yr and £315 000/yr. The average
of $232 250/yr will be used in this analysis. Apart from the different costs, the capacity factor is
usually considered around 30% in the literature.

TABLE V. Breakdown of capital costs,

Diistribution of the capital cost Fercentage of total cost
Turbine { and strsctune ) TS50
Installation 1653105
Electrical installation 15%—-20%
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According to the values of LCOE obtained (Table VII), wave energy presents the highest

cost, whereas offshore wind is the most economical and tidal power has a medium value but
closer to offshore wind energy. These data are well in line with previous estimates found in the
literature. For example, Ref. 2 states that the levelized cost of offshore wind energy ranges
from £89/MW h to £193/MW h,82 considers a range between £140 and £250/MW h for tidal
power, and83 a levelized cost from e180/MW h to e490/MW h—greater scattering—for offshore
energy farms.

The explanation of the differences between the LCOE of these three offshore renewables

lies in the stage of development. Indeed, offshore wind energy is at commercial stage and there
are already some farms around the world that are providing electric power to the grid, while
wave energy technology is in an initial stage and most of the WECs are prototypes that have
not been tested in large scale.

TABLE VII. Levelized cost (€/MW ),

Technology LCOE (/MW h)
Offshore wind 165
Tidal 190
Wave 325

TABLE VIIL Levelized cost estimates for ten electricity genemtion y technologies. ™"

Technology LCOE (MW h)
PWR nuclear (pressurized water reactor) 4996
CCGT (combined cycle gas turbine) 43.17
IGCC coal (integrated gasification combined cycle) 3659
IGCC coal with CCS (carbon capture and storage) 5576
Retrofit coal 44 40
Pulvenized fuel 3257
Pulvenzed fuel with CCS 50.79
COGT withCCS 59.78

When comparing the LCOE values obtained with those of other traditional electricity generation
technologies (Table VIII), it is clear that currently producing a MWh by marine renewable energy is
more expensive than by non-renewable technologies.

Therefore, marine energy is only profitable at present if favored by subsidies, which are essential
to achieve the desired technology development and percentage of participation in the energy
mix. Recent studies concluded that an initial strike price of €220-300/MWh (2012 prices)
for offshore wind energy, €390-420 for tidal stream energy, and €420-450 for wave energy is
required to catalyze the industry and allow the necessary economies of scale a learning to be
realized. These higher prices in comparison to traditional energy technology (€200/MWh in average)
may lead to a negative response from the common users. In this context, raising environmental
awareness of society would be fundamental.

Furthermore, over time it is expected that projects can reach economies of scale and then
promoters could realize greater investments based upon tested technology. At this stage, it is
likely that costs would be reduced and, consequently, investors could obtain profits and promoters
could operate in market prices similar to other common renewable energies. There are
not many studies examining the impact of learning curves on the profitability of marine energy
park. Despite that, most of them agree on a learning rate of 85%—90% within the next 10
years. If this is considered even in a pessimistic scenario a reduction of the levelized
cost of wave energy around 22% may be obtained. Decisions about energetic planning are
usually based on the generation cost of each source of energy, forgetting the other stages in
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energy production. There exists a new tendency that consists in including externalities—positive
or negative consequence of an economic activity that is experienced by unrelated third parties—
when calculating the energy cost. For example, it is estimated that carbon emissions in wave energy
are 6 gCO2/kWh, whereas the average value for traditional energy resources is 250 gCO2/kWh, a
remarkable difference that should be included when calculating the energy cost.

Besides the environmental externalities, there are others that should be also considered,
such as the effect that renewable have in the supply security reducing the risk of supply cuts of
conventional fuels, or the creation of new jobs and integration into the economic fabric. In this
sense, oil and coal technologies for electricity production have associated high external costs
(60 and 58.33 €/MWh, respectively) in comparison with other non-renewable sources energies
like natural gas (€15/MWh). The difference is still greater in the case of wind, which is associated
with external cost of a mere €1.75/MWh.
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FIG. 1. Levelised cost (§MW h) of different technologies including extemal costs,

CONCLUSIONS: Renewable energies are crucial in combating against climate change and the
dependence of fossil fuels. Marine energy has emerged as one of the alternatives with better
prospects, thanks to the enormous resource available. However, this technology is often regarded as
uneconomical. In this context, the first part of this study was dedicated to analysing marine energy
economics and to compare the LCOE obtained with that of other conventional energy sources.
Among the different alternatives, this paper focused on tidal, wave, and wind offshore power.
Wave energy presents the highest costs (€325/MW h) on account of the initial stage of wave
Technology; prototypes that have not been tested a large scale. However, this novel renewable
is expected to become more competitive through the practice and economies of scale, a
learning rate between 10% and 15% is expected in the following 10 years. To this end, it is important
for governments to support its development with subsidies to attract investors. At the
other extreme of renewable energy LCOE is offshore wind (€165/MW h), which has been at a
commercial stage for more than a decade. However, it is still more expensive than traditional
energy sources. For its part, tidal energy is closer to wind energy costs due to the technological
similarities between tidal converters and wind turbines. Furthermore, a new tendency for the
calculation of energy costs by including the so-called externalities was also considered in this
study. This is a most realistic analysis which modifies the conclusions about renewable energy
profitability substantially. In fact, the LCOE of traditional resources increases up to 70%, reducing
the difference with marine energy by 50%. Conventional sources such as coal or fuel presented
levelized costs greater than onshore wind energy and closer to offshore wind and tidal
energy when externalities were considered. Therefore, these external costs are important to
planning the energy use over the long term, and ignoring them would leave society exposed to
the full range of side effects associated with fossil fuel usage. In a second part of this study,
combined energy systems were proposed as a way of enhancing the competitiveness of marine
energy by taking advantage of the mutual benefits of their combination and thus boosting the
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joint development of these renewables. It was concluded that combined farms provide an excellent
opportunity to increase the power production from renewables in a cost-competitive way,

to achieve a more sustainable use of the resource and to reduce supply uncertainties due to the
variability inherent to the resource. Furthermore, it was stated that an important effort in the
development of hybrid converters should be made to enhance the synergies between offshore
wind and wave or tidal energy. Through them the available resource in water depths could be
turned into exploitable increasing the suitable locations for deploying offshore farms, which

would be important in the case of crowed areas.

»Marine renewable energy in Canada; 2018 state of the sector report”:

COST REDUCTION AND INNOVATION: MRE projects are often sited in harsh, high-flow
environments where deployment and operating costs are high; these costs are challenging to offset
during this early stage while technology designs and development approaches are still evolving. To
date, the levelized cost of energy (LCOE) for MRE projects shoes a wide range as these have been
installed in different types of sites, using different devices at different stages of technology
development.

Fortunately, over the past five years, increased MRE technology demonstration and refinement
has brought cost reductions as well as clearer cost estimates. This is largely due to achievements in
building economies of scale by producing and deploying multiple devices, learning by doing, process
optimization, engineering validation, and improved commercial terms.

Recent analysis led by the UK’s Offshore Renewable Energy Catapult illustrated that cost reduction
for in-stream tidal energy will be realized through increased deployment as suppliers and developers
overcome early design and operational challenges as well as incremental innovation and continuous
learning. It is projected that cost reductions can be achieved over a relatively modest volume of
deployment — LCOE of £150 per MWh by 100MW installed, £130 by 200MW and £90 by 1GW.

Sjofoldun nytanlegrar sjavarfallaorku med 3.kynsl6d sjavarfallahverfla (p.m.t. hverfli Valorku).
Vardandi hagkveemni sjavarorkunytingar er naudsynlegt ad hafa i huga nidurstodur freediritgerdar
sem fjallad var um hér framar 4 bls 9: ,,Resource assessment for future generations of tidal-
stream energy arrays”. Par komast sérfraeedingar ad peirri nidurstodu ad nytanleg orka
sjavarfalla sé i raun sjofold a vid pad sem hingad til hefur verid 4litid. Flestar rannséknir a
umfangi sjavarorku hafa midad vid skrifuhverfla sem nud eru komnir lengst i préun, sem
burfa 2,5 m/sek straumhrada til ad teljast hagkveemir. ,Onnur kynsl68“ sjadvarorkuhverfla,
t.d. Tidal sails, parf einungis 2 m/sek, og , pridja kynslé8“ enn minna, eda um 1,5 m/sek til
hagkvaemrar orkuvinnslu. Ekki er vitad um neinn hverfil peirrar kynslédar sem lengra er
kominn i préun en hverfill Valorku, og eykur pessi stadreynd mjog mikilvaegi hans.

Kafli 4. Umhverfisahrif sjavarfallaorkuvera

Megindstaeda hinnar miklu aherslu sem nu er 16gd & nytingu sjdvarorku er hin knyjandi porf fyrir
mengunarlausa og endurnyjanlega orkugjafa, pé vissulega hafi sjdvarorka ymsa fleiri kosti umfram
hefdbundnar orkuoflunarleidir.

Umbhverfisahrif orkuvera eru eins margvisleg og pau eru mérg, en med fullum rékum maetti segja ad
ekkert mannanna verk sé an nokkurra umhverfisahrifa. Mestu umhverfissddarnir eru vafalaust
orkuver sem nyta jar6efnaeldsneyti i einhverju formi. Med Parisarsattmalanum er ndnast kvedinn
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yfir peim daudaddmur, og skyrir pad pa stérauknu dherslu sem nu er 16g0 4 ad leita leida til hreinni
orkudflunar.

4.1. Samanburdur umhverfisahrifa orkuvera
[ stérum drattum ma flokka umhverfisahrif nokkurra hefdbundinna orkuvinnsluadferda pannig:

Brennsla jardefnaeldsneytis: A. Agengni vid éendurnyjanlegar audlindir. B. Umhverfisahrif og
loftmengun vid vinnslu; hvort heldur er borun eftir oliu eda gasi; kolagroftur; vinnsla Ur oliubornum
sandi; ,fracking” eda annad. C. Umhverfisahrif og loftmengun vid brennslu. D. Umbhverfisahrif vid
forgun Urgangs. C. Heetta 8 umhverfisslysum vid vinnslu og flutning. betta er pvi versta form
orkuvinnslu sem hugsast getur, { umhverfislegu tilliti, og verdur liklega lagt af innan farra aratuga. |
pvi ljosi er naesta hlaleg su dhersla sem islensk stjornvold hafa til skamms tima lagt @ rannséknir og
nytingu svonefnds Drekasvaedis, i von um skjétfenginn aud.

Kjarnorka: A. Agengni vid takmarkadar audlindir. B. Umhverfisahrif af vinnslu eldsneytis. C.
Umhverfisahrif og aheaetta vid brennslu. D. Mikil umhverfisahrif vid férgun drgangs og bunadar.

Virkjun vatnsfalla: A. Mikil landspjoll og spjoll a lifriki vegna uppistoduldna, mannvirkja og
vegagerdar. (Sagt endurkrzeft, en reyndin er 6nnur). B. Veruleg sijonmengun. C. Losun
grédurhusalofttegunda, beaedi vid jardrask og vid mikla notkun steinsteypu.

Virkjun jardhita: A. Ageng nyting jardhitageyma (var i fyrstu ségd endurnyjanleg orka, en pad hefur
reynst stadleysa). B. Mikil sjon-, hlj6d, og efnamengun. C. Veruleg landspjoll vegna borhola,
vegalagningar, roralagningar og annarra mannvirkja. D. Mikil loftmengun vid orkuvinnslu. E. Losun
grodurhusalofttegunda vid mikla notkun steinsteypu.

Vindorka: A. Mikil sidnmengun, (einkum par sem orkuverin eru @ haum turnum par sem vidsyni er
allajafna mest). B. Mikil hljédmengun i naesta nagrenni. C. Landspjoll vegna vegagerdar og
mannvirkja. D. Fugladrap.

Sélarorka: A. Agengni vid dafturkraefar audlindir (i peim tilfellum sem notadir eru sjaldgaefir
malmar). B. Landspjoll vegna mannvirkja. C. Sjénmengun.

Til samanburdar verdur hér reynt ad gloggva sig 4 hugsanlegum umhverfisahrifum sjavarorkuvera.
Ekki verdur eytt ordum ad OTEC-virkjunum, sem koma ekki til greina & nordurslédum, og ekki heldur
olduvirkjunum eda seltuvirkjunum, sem enn hafa litt eda ekki komist afram i préunarferlinu.

Sjavarfallavirkjun med stiflun: A. Mikil umhverfisspjoll vegna ldna, vega og annarra mannvirkja. B.
Alger umbylting a lifriki, einkum par sem slik virkjun er gjarnan i arés par sem lifriki er fjolskrddugt. C.
Losun grédurhusalofttegunda vid mikla notkun steinsteypu.

Sjavarfallavirkjun med skrafuhverflum: A. Nokkur umhverfisahrif @ strond vegna pungra ihluta. B.
Nokkur umhverfisahrif & botni vegna borunar og festinga. C. Haetta a skada lifvera vegna mikils
snuningshrada hverflaenda. D. Hugsanleg breyting lifrikis par sem hverfill dregur ur straumhrada og
vatnsskiptum t.d. i prongu fjardarmynni. E. Losun grédurhusalofttegunda vid mikla notkun
steinsteypu.

Sjavarfallavirkjun med fjolasa gegnumstreymishverfli (Valorka): A. Banna parf veidar a
virkjunarsveedinu, hafi paer einhverjar verid, en liklegra er ad virkjad verdi i satt vid utgerdaradila. B.
Hugsanlega parf ad takmarka fjélda hverfla 4 einhverjum st6dum, komi i ljés ad orkutap i rost hafi
ahrif 4 lifriki eda setflutning, sem po er dliklegt.
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Onnur umhverfisahrif eru ekki greinanleg af virkjunum Valorku, ef fra eru taldir paettir sem 6llum
virkjunum eru sameiginlegir og IUta ad a) smidum, medhondlun, eftirliti og forgun vélbunadar; b)
flutningi raforku fra virkjunarstad; c) forgun bunadar og d) 6hoppum vegna t.d. stérvidra.

Su gerd sem nu er i préun hja Valorku er sérstaklega honnud til ad halda umhverfisahrifum i lagmarki;
og um leid kostnadarpattum. Hverfillinn er gerdur ur algengum efnum, sem ad langmestu leyti eru
endurvinnanleg. Ataksflétur verdur Ur efnum sem eydast i nattdrunni. Botnfestingar verda ur
natturulegu grjoti en ekki steinsteypu. Hverfillinn verdur lagdur Gt og endurheimtur med bati a
yfirbordinu, likt og fiskilina og an kéfunar. Hann verdur pvi ad fullu endurheimtanlegur a einu
sjavarfalli. Umhverfisvaenni orkuframleidsla er ekki hugsanleg.

[ eftirfarandi skyrslum og rannséknanidurstédum gaetir verulegrar varfaerni vardandi dzetlud
umbhverfisahrif sjavarvirkjana, og 16g0 er dhersla d vandad eftirlit og rannséknir. Hinsvegar er
nidurstada peirra i pokkalegu samraemi vid mat Valorku hér ad ofan.

4.2. LCA-greiningar vegna sjavarorkuvera

Liftimagreiningar (Life Cycle Assessment; LCA) eru nu gerdar i auknum meeli 8 ymiskonar
mannvirkjum og atvinnutaekjum i peim tilgangi ad meta heildarahrif peirra 4 umhverfid yfir allan
liftimann. betta er sérlega dhugaverdur samanburdur par sem um mikil mannvirki er ad raeda og
langvarandi starfsemi; ekki sist par sem yfirlyst markmid er ad vinna ad battri umhverfismenningu,
likt og a vid um orkuskipti pau sem heimsriki vinna ad i samraemi vid Parisarsattmdalann. Naudsynlegt
er ad préunaradilar og notendur orkutaekni syni frama trdverdugar LCA-greiningar fyrir sin mannvirki.

LCA-greining verdur ad sjalfsogdu ekki traverdug nema fyrir pad mannvirki eda pad taeki sem hin er
gerd fyrir. T.d. er ekki unnt ad gera LCA-greiningu & hverflum Valorku fyrr en préun er komin a
lokastig og unnt ad spa med gédum likindum um notkun og liftima. Engu ad sidur er mjog gagnlegt
ad skoda pad sem greint hefur verid af peim bunadi sem hefur nokkurn skyldleika.

Hér verdur litid a nyja og, ad pvi er virdist, vandada greiningu & hinum italska Kobold-hverfli. betta er
einasa gegnumstreymishverfill sem préfadur hefur verid um tima; fljétandi i Messina sundi vid italiu.
Hverfill Valorku er fj6lasa, og er fra upphafi hannadur til ad hafa sem minnst vistspor. Hann kaemi pvi
ad 6llum likindum enn betur Gt Ur svona greiningu.

»Life Cycle Assessment (LCA) af a marine current turbine for cleaner energy production”.

Freediritgerd Gtg. 2018 eftir Fausto Cavallaro hja haskélanum i Molise, italiu; og Domenico Coiro
hja haskélanum i Napadli. Gerd er LCA greining 4@ gegnumstreymishverflinum Kobold, sem verid

hefur i tilraunarekstri i Messinasundi um nokkurn tima. Nidurstédurnar eru mjog ahugaverdar,
og mun truverdugri en paer greiningar sem taka mid af tréllauknum skrafuhverflum.

ABSTRACT: Reducing risk to the environment connected with energy production is a clearly stated
target of the environmental control programmes of many industrialised countries. Thus, it would
appear that systems of energy production need to be assessed and due consideration given to their
environmental impact. That renewable energy technologies, particularly in the production phase, are
currently those that generate a lower environmental impact compared to traditional fossil fuel
systems is now well-established. Despite this, many studies fail to include an evaluation of the
impacts generated by systems designed and built for energy production over their entire life cycle.
Among the more interesting and unexplored renewable energy sources is the energy from marine
tidal currents. Tidal currents are coming to be recognised as a resource to be exploited for the
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sustainable generation of electrical power. A study of 106 possible locations in the EU for tidal
turbines showed that these sites could generate power in the order of 50 TWh/year. The aim of this
paper is to provide, with the aid of LCA, a preliminary environmental assessment analysis of a
innovative marine current turbine for cleaner energy production.

INTRODUCTION: The environmental impacts of traditional systems for generating electricity arise
mainly during the operational phase of the plant. In contrast, this phase of systems that use
renewable energy sources does not generally produce toxic emissions. In devising energy strategy it
is therefore vital to analyse and quantify the indirect emissions produced i.e. those deriving from the
construction and dismantling of energy conversion devices and power stations. Life Cycle Assessment
(LCA) is a tool used to determine the flows of energy and material inputs which allows the
environmental impacts of a product or service to be evaluated. There are various reports in the
literature regarding the application of LCA to installations using renewable sources. For example
overviews the general aspects, and look at thermodynamic solar power, hybrid systems using
photovoltaic, wind and diesel are dealt with in, off-shore wind power in and apparatus to extract
wave energy from the sea. The aim of this paper is to report a preliminary environmental analysis
using LCA methodology in relation to a sea turbine, and all the associated apparatus (buoys, mooring
system etc.) that is designed to extract energy from marine currents. The paper is set out as follows:
the next section illustrates the basic characteristics of the turbine, part 3 details the analyses carried
out and finally, section 4 presents the main results obtained from calculations.

CHARACTERISTICS OF THE MARINE CURRENT TURBINE: Energy from tidal currents is one of the most
interesting yet unexplored sources of renewable energy. In Europe alone the amount of this type of
energy that is feasibly available is estimated to be around 50 TWh/year. The turbines to exploit tidal
currents at sea, like wind turbines, can be either horizontal or vertical axis: the former are more
efficient but the costs relating to their construction, installation and maintenance are generally
higher than for the slightly less efficient alternative. However, the vertical axis turbines are
unaffected by the direction of the currents and thus are more suited to tidal currents that invert
direction 180 degrees at regular intervals (in the Mediterranean this occurs every six hours).
Horizontal axis turbines have been installed at the Hammerfest power station and in Lynmouth,
England. The costs of these experimental installations have already reached reasonable levels and
they are forecast to become even more competitive for multiple installations.

The system, which is called Kobold, is a hydraulic vertical axis turbine; i.e. the rotation axis of the
rotor is perpendicular to the direction of the flow hitting it. It is able to convert kinetic energy
available in the tidal currents of rivers and seas into mechanical rotational energy which in turn is
converted into electrical power. The turbine has been designed to achieve the highest possible level
of productive efficiency compatible with the need to safeguard the environment as well as to keep
costs of its construction and above all maintenance as low as possible. A pilot plant has been
installed just off the coast of Sicily in the strait of Messina (ITALY) near the village of Ganzirri, in the
vicinity of the lake by the same name. The plant comprises a floating buoy moored to the seabed
onto which the 3-blade rotor is attached. The rotor has a diameter of six metres while the blades
span is 5 metres. The following components are fitted inside the buoy: the gearbox, the 160 kW
electrical generator and the power converter so that the power generated is ready to go onto the
national electrical grid. The rotor was developed and built by the ADAG research group based at the
Department of Aerospace Engineering at the University of Naples “Federico II” starting from a scale
model tested in the wind tunnel in the Department, this is illustrated in figure 1. An international
patent has been taken out for the innovative rotor mechanism in which the blades oscillate
automatically around the hinged axis. The buoy and the components fitted therein together with the
mooring system were built by the company Ponte di Archimede Spa, the owner of the complete
installation. The rotor produces 160 kW at a flow current speed of 3.5 m/s. The installation was built
as a demo and in order to ascertain the low environmental impact and to test the performance of
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both the system as a whole as well as its individual components. Figure 1 shows the turbine model
and in figure 2 can be seen the actual system moored in the Strait of Messina.

Kobold-hverfillinn; t.v. sem mdédel i vindgéngum og t.h. 8 préfunarstad i Messina sundi.

Human Haalth Eco=ysiem Qualiy Respuces
. Wanufaciusng D Sed ship B2 . Caparafian .ﬁu yelng only
Anabzzando 1 p ciclo & v LOA kobokd ayetem’, Malodo Eco-indicalar 33 [H] 7 Eumps E1 98 HH / somalizzazane

The figure (4) above clearly shows that the most critical phase in terms of environmental impact to
be the one relating to turbine construction and assembly, the next is the operational phase whilst the
transport by sea of the turbine and floating buoy using a tug vessel from the site of manufacture to
the location for use is negligible in terms of impact.
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Fig. 5 (above) presents the results relating to the various impact categories according to the Eco-
indicator 99. By examining the phase of greatest impact over the entire LCA, i.e., the assembly of the
whole system it is clear that the greatest impact derives from the manufacture of the concrete
mooring blocks and of the floating buoy with the generator being the next most important.

Fig. 6 (below) shows the assessment of damage using a global measure in relation to the assembly
phase. It is extremely important when appraising energy systems to calculate Energy Pay-Back Time
(EPBT) a measure that is widely used by analysts to determine the sustainability of different
technologies in energy terms This measure, which works along the same line of thinking as, the
financial measure payback time, expresses the energy return time, that is it states the time needed
for the plant to produce an amount of energy equivalent to the amount of energy required to realize
that same plant.
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Fig. 7 shows the energy balance i.e the relative 300,000
proportions of primary energy used over the o

. . 2.500.000
whole life cycle of the plant plotted against the

. . : 2.000.000
amount of electricity this plant supplies to the
grid over its 20-year useful life span. The EPBT 2 15000004
was calculated to be 0,7 which means that the 1.000.000 4
turbine produces enough energy in less than 200000 4
one year to offset the amount used for its 0 iy | i (o :
. .. . ouput TICITY, input ATy e

construction. It is important to point out that : -

there are uncertainties regarding the amount of energy consumed by some processes. Nevertheless,
the energy balance is highly positive and thus commercial development of the turbine is sustainable
in energy terms

CONCLUSIONS: The results obtained illustrate that the overall environmental impact over the
entire life cycle of a system exploiting marine currents is extremely low and virtually negligible in
comparison with the impact of conventional fossil fuel power stations. The energy balance also
appears to be excellent. The results obtained are therefore rather encouraging and merit further
investigation. A comparative study of this system with other energy technologies is planned.

Vid pessa nidurstodu sérfraeedinganna er litlu ad baeta, 68ru en pvi ad neikvaed ahrif hverfils Valorku
munu ad 6llum likindum verda enn minni en pad sem hér eru sdgd vera éveruleg (neglible) ahrif.
Astaedan er su, eins og adur sagdi, ad vid smidi og notkun hverfla Valorku verdur minna notad af
mengandi efnum. T.d. verdur ekki notud steinsteypa i botnfestingar heldur nattarulegt grjot.

4.3. Abhrif sjavarfallavirkjana 4 setflutninga

,Impact of tidal-stream arrays in relation to the natural variability of sediment processes”.

Fraediritgerd utg. 2014 eftir Peter E. Robins, Simon P. Neill og Matt J. Lewis hja
School of Ocean Sciences; Bangorhaskdla. Fjallar um rannsoéknir @ dhrifum
sjavarfallahverfla a setrof og setflutninga.

INTRODUCTION: With growing interest in the exploitation of the tidal energy resource, the
environmental impact of available technologies still requires detailed investigation. Tidal-stream
turbines, also referred to as Tidal Energy Converters (TECs), will reduce current speeds in the vicinity
of the turbines and, therefore, impact sediment transport and morphodynamics, even in the absence
of a local source of sediment supply. Small changes in velocity (U) could potentially generate large
changes in bed shear stress, which behaves as ~U2. Further, sediment transport is a function of an
even higher power of U, e.g. U3.4 for total (bed load p suspended load) transport. This will not only
affect sediment transport in the near field, but also in the far field. One way to ascertain whether
these impacts, and their environmental consequences, are within the ‘acceptable’ range is to
evaluate the natural variability of the system. For instance, a TEC array may be considered as
nondetrimental to the local environment if velocities and bed shear stress are affected by an amount
less than the intra-seasonal and inter-annual variability due to natural tidal and wave motions.
Wave-induced variability will be greater during winter, when energy demand is high, than during
summer when the seais rich
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with biological productivity. Therefore, it is important to consider natural intra-seasonal variability of
oceanographic processes when determining the environmental impact of tidal energy extraction. To
date, this approach has not been adopted in environmental impact assessments of energy extraction.
It is our aim, therefore, to investigate the natural variability of sedimentary processes as a means of
qguantifying the impacts of energy extraction.

Sedimentary processes are a nonlinear function of the current velocity and wave orbital motion, in
conjunction with sediment properties such as grain size and bed features. Sediment transport is
typically subdivided into suspended load transport, which is carried by the water motion over large
spatial and temporal scales, and bed load transport which takes place just above the bed and reacts
instantaneously to the local conditions.

CONCLUSIONS: A 2D, finite-element morphodynamic model of the Irish Sea has been used to
simulate complex sedimentary processes in a region which is desirable for tidal-stream energy
extraction, the Skerries (northwest Anglesey, UK). Simulated suspended sediment concentrations
correspond to a turbidity maximum which is present in the region throughout the year and is
important for the biological productivity of the Irish Sea. Simulations of bed shear stress and bed load
transport reproduced established residual transport pathways and areas of sediment accretion
where offshore sand banks form, which act as a natural form of coastal protection during
storm events.

Our case study of energy extraction off northwest Anglesey has shown that first generation TEC
arrays (of the order 10e50 MW) reduce velocities locally by only a few percent, and reduce bed shear
stress and bed load transport by slightly more (suspended load transport is relatively unchanged,
since TEC arrays induce locally increased turbidity). However, these changes were small compared to
the range of natural variability and could therefore be considered negligible. It is only when a
considerable proportion of energy was extracted from the system (e.g. greater than 50 MW) that
sedimentary processes became significantly affected. Further afield (e.g. 10 km from the TEC array),
it is unlikely that the impact of energy extraction on bed shear stress will ever exceed natural levels
of variability, in all but the most quiescent wave periods, and most energetic (spring) tidal periods.

Our results reflect positively for the marine energy industry, and clarify the environmental
implications that tidal-stream energy extraction may have in terms of sediment dynamics. For
example, in northern Europe, wave-induced natural variability in bed shear stress is higher during
winter months (when energy demand is high), enabling more energy to be extracted at low
environmental cost than during summer months when energy demand is low and biological
productivity is high.

However, since sedimentary processes and natural variability are controlled by waves, tides,
sediment type, and morphology, the impact of energy extraction will always be site-specific. If we are
to exploit the large tidal energy resource of the UK, and help reduce carbon emissions at low
environmental cost, the sedimentary and morphological impacts of energy extraction should be
considered at the site selection stage. This could mean compromising energy production and
increasing maintenance costs in order to prevent issues arising from coastal erosion and sediment
supply, and secondary effects on marine biodiversity.

[ pessari skyrslu skodudu visindamennirnir einn stad; Anglesey vid Bretland, sem er skilgreindur sem
vaenlegt virkjanasvaedi fyrir skrafuhverfla pad sem nd eru i proun. Nidurstada peirra stydur ageetlega
paer forsendur sem Valorka hefur sett fram; ad sjavarfallavirkjun sem er vel yfir sjdvarbotni hafi
hverfandi ahrif a setflutninga; sé ekki verulegt (margir tugir MW) afl tekid ur straumnum; og alls
engin ahrif i nokkurri fjarlaegd fra virkjunarstadnum. Hinsvegar er sjalfsagt, einkanlega i byrjun, ad
gefa gddar gaetur ad pessum paetti og stunda frekari rannsdknir.
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4.4. Ahrif 4 lifriki og adrir umhverfispaettir
Ur skyrslu Ren21:

As the ocean energy industry draws closer to commercialisation, questions remain regarding
potential impacts on marine life. Based on current knowledge, the deployment of single devices
appears to pose very small risk to the marine environment, but only actual experience with large
commercial arrays will reveal any risk that they represent. More research, data collection and sharing
are needed to establish accurate risk assessment, which is a prerequisite for wellinformed consent
and permitting requirements.

Nidurstodur IEA-OES:

The OES TCP estimates that if deployed worldwide, ocean technologies could meet the world’s
current electricity demand of close to 20 000 TWh. While a range of technologies and devices have
been demonstrated through pilot projects, widespread commercialisation is slow due to relatively high
costs and concerns over environmental issues in coastal waters such as the risks to marine mammals
and habitats.

For these reasons the OES TCP set out to assess the environmental effects of ocean wave, current
and tidal energy systems. ...

Workshop participants defined specific interactions between marine animals and ocean energy
devices (collision, attraction, avoidance and entrapment), and proposed optimal approaches to
measure interactions, and assesses monitoring costs. Of these, collision/evasion was identified as the
highest risk. Examples cited include harbour porpoises interacting with tidal devices, large whales and
harbour seals changing movement patterns around wave arrays, and monitoring interactions of large
fish around tidal turbines, including evasion and passage through the turbine. For these issues,
monitoring and observation is most appropriate via boats or airplanes.

While there appeared to be consensus among participants representing the research community that
the risk of collision between marine animals and tidal blades is very low, the interaction remains of
concern to regulators and stakeholders. Therefore, further monitoring and research are needed. Key
methods to improve monitoring of collision/evasion include tagging mammals to track movements;
acoustic monitoring to detect, localise and characterise species attracted to sounds emitted by wave
and tidal devices; and assessing fish populations so as to track developments over time.

These best practices provide insight into the interactions between marine wildlife and wave and tidal
devices that enable policy makers and regulators to make informed decisions on deployment projects.
These findings, together with best practices for monitoring the environmental effects of marine energy
devices, have been collected into a final report, Best Practices for Monitoring Environmental Effects of
Marine Energy Devices.

Ur skyrslu IEA-OES; ,The state of knowledge for environmental effects (Driving concenting/
permitting for the Marine Renewable Energy industry)“:

CONCLUSIONS: Based on the current level of understanding of the interactions of wave or tidal
devices with the marine environment, the risks for deployment and operation of single devices appear
to be very low. Very small arrays of wave devices may also present low risks.

However, the remaining uncertainties associated with commercial arrays will require investigation
as the larger arrays come online. The risks from wave and tidal devices differ somewhat and need to
be addressed separately. Regulatory requirements are currently high and may not always target the
most useful information.

As the MRE industry moves toward deployment and operation of larger arrays at the commercial
scale, assuring that this emerging low-carbon energy source can expand add to global energy sources
without causing unacceptable harm to the marine environment will require:
¢ sharing of all the collected information;
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e application of data collected from one location to another;

¢ additional monitoring and validation of numerical models;

e development of strategic research programs at regional, national, and international levels;
e AM strategies; and

¢ the ongoing need for international and national government assistance.

~Marine renewable energy in Canada; 2018 state of the sector report”:

Action on climate change requires a reduction in greenhouse gas (GHG) emissions. Renewable
electricity is recognized as a leading solution to decreasing GHGs. Increasing the use of renewable
energy sources for electricity is being driven by international, federal, provincial and territorial
initiatives including the Paris Agreement....

Like other renewable resources, waves, offshore wind, tidal currents, and river currents are clean
and sustainable sources of energy. The addition of MRE resources to the electricity mix can assist in
reducing the use of fossil fuels and GHGs. For example, utility-scale MRE projects could be used to
displace carbon-emitting energy supplies, while smaller projects could supply electricity to remote
communities currently using diesel fuel for generation.

The amount of carbon savings experienced through MRE development will be dependent on
future deployment. The International Energy Agency (IEA) has calculated that MRE, alongside
geothermal and “other renewables,” could deliver 2% of the GHG emissions reductions necessary to
limit global temperature rise to 2 degrees Celsius...

Like other renewable resources, MRE is variable in nature. However, wave, tidal and river current
resources have unique attributes that set them apart. They are generally more energy dense, more
predictable, and more reliable than wind and solar energy — key benefits that can assist with
electricity system planning and further diversification of the electricity mix.

Kafli 5. Stefnumotun vardandi sjavarorkunytingu
5.1. Aukin dhersla a sjavarorkunytingu

baer geigveenlegu égnir sem lifriki jardar stafar af hefdbundinni orkuvinnslu eru sifellt betur aé koma i
lj6s. b6 margir hafi lengi haft uppi varnadarord er pad fyrst pegar afleidingarnar birtast m.a. i formi
farvidra, purrka, fléda, mengunarpoku, stérslysa, bradnunar jokla og haekkads sjavarbords ad
almenningur knyr rikisstjornir til ad sveigja af sinni helfararstefnu.

Verulegur arangur nadist med Parisarsamkomulaginu 2015; ekki af pvi ad par veeri stigid risaskref,
heldur vegna pess ad ad pvi komu ndnast 6ll pjodriki heims. Allir sogdust gera sér grein fyrir
hzettunni og lofudu bét og betrun. Blekid var pé varla pornad 4 undirskriftunum pegar riki féru ad
draga i land og reyna ad finna leidir til ad snua utudr skuldbindingum sinum. Bandarikjamenn kusu sér
forseta sem afneitar samningnum. islensk stjérnvéld, sem i ordi segjast aetla ad hafa samninginn i
havegum, brjota hann pegar i upphafi 8 ymsan hatt. Gleggsta deemid um pad er brot a 10.gr
sattmalans sem segir ad adildarriki skuli stydja vid taekni sem vaenleg er til orkuskipta & heimsvisu og
midla henni. Stjérnvold hafa med ymsum haetti brugdid fzeti fyrir verkefni Valorku, t.d. med pvi ad
svipta pad moguleikum & styrkjum. Einnig med pvi ad ganga framhja préunaradilum sjavarorku vid
matun orkustefnu og snidganga pann patt markvisst.

Pessi fravik eru pé i hrépandi andstddu vid flest idnriki heims, sem nu leggja verulega aherslu a
stefnumaotun 4 svidi sjavarorku. Sum eru pegar komin vel & veg i pvi efni. Liklega ekkert p6 eins og
Evrépusambandid, eins og hér verdur vikid ad:
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5.2. Stefnumétun Evrépusambandsins

,Ocean Energy Strategic Roadmap®“. Ocean Energy Forum er samradsvettvangur stofnana,
sérfraedinga og hagsmunaadila innan ESB & svidi sjavarorku. Arid 2016 gaf stofnunin Ut vandad yfirlit
um fjdldamargt sem vardar stefnumatun a pessu svidi, par sem segir m.a.:

OCEAN ENERGY PROVIDES A SOLUTION FOR EUROPE’S OVER-RELIANCE ON FOSSIL FUEL IMPORTS

The EU is in a precarious energy position. The bloc continues to rely on imports for 53 % of its energy needs,
costing €400bn a yearis. Dependence on a handful of exporting countries is becoming increasingly problematic.

Renewables are the only viable source to power Europe in the coming decades. Based on projections, ocean
energy has the potential to generate 350TWh of electricity meeting up to 10 % of Europe’s demand by 2050:s.

OCEAN ENERGY CAN PLAY A CENTRAL ROLE IN THE TRANSITION TO A LOW-CARBON ECONOMY AND THE FIGHT
AGAINST CLIMATE CHANGE. Policy in Europe has been very successful in taking the first generation of
renewable energy technologies, such as solar and wind, to commercially-competitive levels. The EU will
however need other technologies to further diversify its low-carbon generation capacity, if it is to meet its
objective of reducing greenhouse gas emissions to 80—-95 % below 1990 levels by 2050:7. Power generated by
the ocean energy sector could avoid the equivalent of 276m tonnes of CO.emissions annuallyisby 2050.
OCEAN ENERGY CAN LEVERAGE EXTRA VALUE BY EXPLOITING SYNERGIES AND KNOWLEDGE TRANSFER ACROSS
THE BLUE ECONOMY. Other marine sectors have both a lot to offer and a lot to gain from the development of
the ocean energy sector. Today, companies from sectors such as naval construction, offshore oil & gas,
offshore wind and dredging are amongst the leading players in the ocean energy sector. These companies are
creating extra value from their existing knowledge by using it to exploit new growth opportunities in the
emerging ocean energy industry.

OCEAN ENERGY CAN REDUCE ISLANDS’ DEPENDENCE ON COSTLY GENERATION

The remoteness of small islands and other locations can mean high electricity costs due to reliance on oil
generators; ocean energy can provide a viable, more competitive solution. The higher price paid for electricity
in these locations, will allow ocean energy to be deployed with less support whilst ensuring a return on
investment.

Main technology focus areas:

The following technological aspects, relating to performance and cost reduction, must be addressed to reduce
sector-specific risks.

Testing and modelling. Validation of concepts and development of high-definition modelling through to
demonstration in real conditions and deployment is of prime importance for the sector’s development. This
step is not linear; both demonstration and modelling on sub-systems, components and the entire device in real
and in controlled environments are needed at the different stages of the technology’s development.

Reliability and survivability. Increasing the reliability of ocean energy devices by developing monitoring systems
in real conditions will identify potential failure modes and subsequently improve designs. A high priority must
be to increase the reliability and survivability of devices to protect investment and ensure long-term availability
of power production and income.

Installation and logistics. There is significant scope for utilising existing infrastructure (such as harbours, vessels,
power cables, grid connection) and processes (including training, health and safety) from other marine
industries. However, a new generation of waterborne and sub-sea solutions is needed to match the specificities
of ocean energy devices and reach the targeted costs per kWh.

Power generation and grid. Devices, farms and plants must be able to deliver grid compliant electricity. A key
missing technological component, fundamental to the development of ocean energy on a large scale, is a
central power electronic hub to collect and efficiently transmit electricity from multiple devices to shore
through an export cable.

Standardisation of the industry leading to certification. De-risking industrial roll-out and accessing finance will
be enabled through the availability of suitable standardisation processes, building on existing guidelines and
sector knowledge.
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Planning and licensing frameworks are required, which afford confidence to industry, regulators and
stakeholders

For ocean energy development to move forward in a sustainable manner, current practices in the areas of
consenting and licensing, planning, and research and monitoring must be reviewed and enhanced.

Consenting and licensing procedures are an often cited barrier to the development and progress of ocean
energy. From a regulator’s perspective sufficient evidence on which to base their licensing decision and to
ensure compliance with the relevant legislative regime(s) and the application of EU environmental Directives is
required.

Clarity and consistency in Environmental Impact Assessment (EIA) and Appropriate Assessment (AA) obligations
and application under the Habitats Directive, as well as their associated costs and the requirements for a
precautionary approach placed on small-scale or single-unit deployments, are the main concerns.

These issues should be addressed in advance of technology and project development to ensure that the
necessary processes and systems are in place to support developers through the consenting process.

A pan-European sustained research and monitoring agenda to tackle environmental effects of devices would
greatly benefit addressing high level strategic questions, regarding, for example, population level effects,
cumulative impacts and ecosystem models, in addition to specific environmental effects. This should be
accompanied by a robust operational level research and monitoring programme that enables better
assessment of broad scale effects of ocean energy and other marine related activities. Collaboration between
industry, public bodies and academia, will yield the most effective use of resources in reducing uncertainty
through multi-scale investigations.

The implementation of the Maritime Spatial Planning (MSP) Directive across the EU presents an opportunity for
improving planning and consenting processes for ocean energy. Improvements can be achieved through
(among others) rationalisation of existing requirements, increasing transparency and certainty for developers,
better consideration of cumulative impacts and co-location opportunities, and more effective inclusion of
stakeholders in decision-making processes.

Hér sést deetlad hlutfall préunarkostnadar R&D Prototype Demonstration | Pre-Commercial _ Industrial Roll-Out
eftir uppruna. Ealllegt er ad raunhzef i = == Cumulative of Public and Private funding e Public == Private
verkefni séu i byrjun borin uppiaf | .. .
samfélagssjodum, en sidar komi fjarfestar

ad peim i siauknum meli. Hérlendis
skortir stefnu og skilning @ pessu atridi.
Verkefni Valorku hafa stundum notid
samfélagsstyrkja, en stopult og
Omarkvisst.

Fundinig required

Time

* |nwestment suppart must remain an essential part of support schemes far each specific
technology until the industrial roll-out phase is reached. If withdrawn too early in favour of
revenue-support mechanisms, the technology might not have reached the required maturity
to make use of the scheme.

* |nwvestment suppaort can come in the form of equity, debt, grants or repayable grants, or
capital guarantees.

* While some framework and reporting is required to ensure good use of public funding,
inmovations schemes should aim at being least bureaucratic, most flexible and most
responsive as possible, to match the fluid nature of innovative technology development.
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Figure 7. Overview of the five environmental and consenting projects
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5.3. Ur 68rum skyrslum og fraedigreinum
Ur skyrslu Irena 2018; ,,A Roadmap to 2050

Renewable energy needs to be scaled up at least six times faster for the world to start to meet the
goals set out in the Paris Agreement.

The historic climate accord from 2015 seeks, at minimum, to limit average global temperature rise to
“well below 2°C” in the present century, compared to pre-industrial levels. Renewables, in
combination with rapidly improving energy efficiency, form the cornerstone of a viable climate
solution. Keeping the global temperature rise below 2 degrees Celsius (°C) is technically feasible. It
would also be more economically, socially and environmentally beneficial than the path resulting
from current plans and policies. However, the global energy system must undergo a profound
transformation, from one largely based on fossil fuels to one that enhances efficiency and is based on
renewable energy. Such a global energy transformation — seen as the culmination of the “energy
transition” that is already happening in many countries — can create a world that is more prosperous
and inclusive....

The global energy system has to be transformed. An energy supply system based largely on fossil
fuels has to be based, instead, on renewable energy.

Ur skyrslu OES 2015; ,,Consenting Processes for ocean energy on OES member countries®.:

CONCLUSIONS: Consenting is still regarded as a non-technological barrier to the progress of marine
renewable energy industry, due to the complexity of consenting processes and the lack of dedicated
legal frameworks. Appraisal of issues affecting consenting processes can promote discussion on
changes to legislation, streamlining of requirements, improvements in administrative procedures,
and a more consistent interpretation and application of legislation taking into account the national
context.

The objective of this report was to present and analyse consenting regimes for ocean energy in the
different countries members of the OES group. The approach followed along this work counted with
an analysis of the current Marine Spatial Planning (MSP) strategy for ocean energy, EIA requirements,
and consultation process in the different member countries. As an overall conclusion, several aspects
of the consenting process still need to be improved before having an ideal situation for the
implementation of ocean energy. A summary of the main conclusions gather for each theme
considered in the analysis is made below.

MARINE SPATIAL PLANNING POLICY: MSP considering ocean energy already exists in China,
Portugal, and the UK. MSP in Denmark and Germany includes only offshore wind and in Sweden
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interest areas for this technology have been selected. The MSP strategy in other countries includes at
least one of the ocean energy technologies. In Nova Scotia, Canada a pre-selected area for tidal
current energy development has been defined in the Bay of Fundy and, in Nigeria, areas for the
development of OTEC are to be established following the completion of feasibility studies for OTEC.
In the USA, MSP, which includes ocean energy, has been introduced in some states.

Although in some countries a defined MSP strategy is still missing, most part of the countries under
analysis have already implemented or are in the process of implementing a MSP strategy taking into
account renewable energy developments. Ocean energy is not always considered in such strategies
but, e.g. in the European Union, these plans are supposed to be periodically reviewed and thus it is
possible for ocean energy to be either included or extended to more regions in the future.

CONSENTING PROCESS FOR OCEAN ENERGY: Several member countries have identified a number
of authorities involved in the consenting process. It is also clear from this analysis that many member
countries don’t have any specific authority allocated to lead the process. However, there are some
exceptions. In Sweden, for example, the permission is granted by the Environmental Court, which has
an input from the Country Administrative Board. In the UK the involved authorities are clearly
identified and limited to two entities. In most cases February 2015 Consenting Processes for Ocean
Energy 40 the consenting process is very complex, including a number of steps and involving several
entities. However, fit for purpose consenting can be found for ocean energy in e.g. the UK.

In most member states there are no specific legislations and regulations set for ocean energy.
However, in China a specific regulation was issued by the State Oceanic Administration for the
consenting process of ocean energy and in Norway the legislations and regulations fall under the
Ocean Energy Act of 2010. In Portugal there is no over-arching dedicated consenting procedure,
however, all the required consents have been adapted to better suit wave energy development. In
Denmark the legislation falls under the renewable energy act and in Sweden the consenting process
of ocean energy is regulated by the environmental legislation in the environmental code. The
legislations and regulations in the UK and USA are either focussing on ocean energy or have been
adapted to fit in the case of ocean energy.

ENVIRONMENTAL IMPACT ASSESSMENT: Although the Environmental Impact Assessment (EIA)
European Directive has been reviewed recently, it does not specifically address ocean energy
projects probably due to the early stage of development of this technology. The EIA Directive
outlines which project categories shall be made subject to an EIA, which procedure shall be followed
and the content of the assessment. Project categories are split between Annex | for which EIA is
compulsory and Annex Il for which EIA is dependent on whether significant environmental effects
may occur and national authorities decide whether an EIA is needed. Most member countries under
analysis require an EIA for ocean energy developments. However, in countries such as Denmark,
Ireland, Germany, Mexico and the UK the decision on whether an EIA is required or not is decided on
a case by case basis.

CONSULTATION: The development of a consultation process is a legal requirement identified in the
consenting process of most part of the different member countries under analysis. It is also clear that
most part of the member countries start with a formal consultation, which is normally followed by an
informal consultation process, where the consultation process is adjusted to the type of stakeholders
involved in the region.

CHALLENGES TO THE CONSENTING PROCESS: It is clear that all the member countries are facing
challenges and barriers to the implementation of ocean energy developments related to the
consenting process. Challenges encountered by the member states causing delays in the process are
uncertainties regarding environmental aspects and impacts of the projects, public acceptance and
extended time of public consultations, governmental permits, judicial/legal rules opposed to
practical solutions, lack of a one stop shop facility, uncertainties February 2015 Consenting Processes
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for Ocean Energy 41 and lack of information of the different public decision makers, lack of guidance
to developers and lastly maritime safety. Therefore, in order to help developers dealing with these
challenges most of the countries have already implemented mechanisms for guidance and advice,
either through websites, special committees, research centres or guidebooks. Efforts have been
made by several member countries to streamline ocean energy consenting although in different
ways. Some member countries have created a one stop shop facility to manage all process while
others, have adapted their regulation to better suit projects’ licensing. In countries which follow a
parallel processing (of the consenting requirements), better coordination between different
authorities is needed to avoid e.g. asking the developer for the same information. The licensing
process in designated test sites might be different since it may already involve pre-consenting of the
projects.

»Current tidal power technologies and their suitability for applications in coastal and
marine areas“:

Nations across the globe are turning towards renewables; low-carbon energy sources that can be
replenished on human timescales, to meet their energy and electricity needs. In Europe, the 2009
Renewables Directive set binding targets for allEUmember states so that 20%of Euenergy will come
from renewable sources by 2020 (European Parliament and Council 2009). Meanwhile, the UK
Government has committed to legally binding targets to reduce carbon emissions by 34 % by 2020
and 80 % by 2050, as set out in the 2008 Climate Change Act (HM Government 2008). To achieve
these targets, it is predicted that 30 % of UK electricity will need to be generated from renewable
sources by 2020 (HM Government 2009), while the sector will need to be almost entirely carbon free
by 2050 (HM Government 2011).
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Kafli 6. Nytingarmoguleikar sjavarorku vid island

6.1. Azetlad umfang sjavarfallaorku vid island

Engar rannsdéknir hafa verid gerdar gagngert i peim tilgangi ad meta umfang og nytingarmoguleika
sjavarorku vid island & heildstaedan hatt. Ymsar visbendingar ma pé sja ef horft er til eftirfarandi:

1.

Gert hefur verid reiknilikan sem synir i stérum drattum hegdun sjavarfalla kringum landid;
en af pvi er unnt ad draga grofar alyktanir um straumhrada a einstokum sveedum sem sidan
gefa visbendingar um orkustaerdir par. Likanid er adgengilegt a vefnum og vistad hja
Vegagerdinni. bad er po alls ekki ndkvaemt fyrir einstaka stadi, par sem botlag og
strandlogun hafa veruleg ahrif, einmitt 4 peim sveedum sem sjavarfoll vaeru helst virkjanleg.
Visindalegar malingar a hrada sjavarfalla 8 afmorkudum sveedum hafa vissulega verid
gerdar; en pd oftast i tengslum vid einstok dskyld verkefni. Ma par nefna briargerd vegna
vegalagningar; hafnarframkvamdir; setburd fra storvirkjun og vegna fiskeldis i fjordum. Einu
meelingarnar sem gagngert tengjast orkunytingu voru gerdar i Rost i Hvammsfirdi 4 vegum
Sjavarorku, vegna hugleidinga um virkjun hennar. beer eru eflaust gagnlegar fyrir pann stad,
en gefa enga visbendinu fyrir heildina eda 6nnur svaedi.

Samanburdur vid heildstadar rannsdéknir a sjavarfallaorku erlendis; einkum par sem zetla
mad a0 sambezerilegar adstaedur riki og hérlendis. Eina vidleitnin til sliks samanburdar hefur
verid 4 vegum Valorku ehf. [ fljétu bragdi virdist sem island skeri sig Gr 68rum rikjum sem
bua ad verulegri virkjanlegri sjdvarfallaorku, vardandi hinn algera skort 4 upplysingum um
audlindina, og hié himinhrépandi sinnuleysi sem stjérnvold hafa synt pessari mikilvaegu
hreinu orkuaudlind framtidarkynsléda. Oll 16nd vid nordanvert Atlantshaf sem bua vid
verulegar audlindir 4 pessu svidi hafa gert einhverjar rannsdknir, mat 4 umfangi og dzetlanir
um hugsanlega nytingu; 6ll nema island. Hér ma nefna Bandarikin; Kanada; Noreg; irland og
Bretland, sem 6l beina sjénum ad pessari framtidarorkuaudlind i sivaxandi maeli. Hérlendis
berja rddamenn sér a brjést og guma af vatnsaflsvirkjunum og gufuafli, sem po eru senn
fullnyttar audlindir, en skella skollaeyrum vid abendingum um sjavarorku og hindra framgang
eina teekniprdunarverkefnisins a pvi svidi. Valorka ehf tok saman skyrslu arid 2011;
,Sjavarfallaorka og hagsmunir islendinga“. bar var litid til fyrirliggjandi gagna fra irlandi,
Bretlandi og Noregi um mat 4 sjavarfallaaudlindum pessara strandrikja. Skyrsla SEAI
(Orkustofnunar irlands) fra arinu 2010 nefnist , Tidal and Current Energy Resources in
Ireland” og er enn i fullu gildi vardandi mat audlinda, p6 breytingar hafi ordid vardandi
nytingarmoguleika. Nidurstédur hennar eru m.a. ad heildarumfang sjavarfallaorku milli 10 og
50 metra dyptarlinu vid irland sé um 240 TWst/a. Valorka vitnadi einnig til skyrslu
Sustainable Development Commission fra arinu 2007; ,,UK Tidal Resource Review”, um
umfang sjavarfallaorku vid Bretland, sem telur nytanlega sjavarfallaorku par vera 36,42
TWst/a. Samkvaemt nytingarhlutfalli sem pa var daetlad er heildarumfang sjavarfallaorku vid
Bretland pvi um 800 TWst/a. Pad er i gédu samraemi vid umfangid i irlandi, sé reiknad i
hlutfalli vid flatarmal landanna. Mat sjavarfallaorku vid nordanverdan Noreg er i gédu
samraemi vid pessar tolur, eins og nanar er skyrt i skyrslunni.

Liklegt heildarumfang sjavarfallaorku vid island. Séu framangreindar orkustaerdir Bretlands og
irlands yfirfeerdar & island samkvaemt sému flatarmalsreglu ma aetla ad hér vid land sé heildarumfang
sjavarfallaorku i grunnsjé um 337 TWst/a. Vitaskuld er nytanleg orka aldrei nema brot af pvi, en pad
hlutfall er had tiltaekri taekni, sem er i 6rri préun. Athyglisvert er ad bera pessa t6lu saman vid
nidurstodur fyrirliggjandi rammaaaetlana um virkjanlega orku vatnsafls og jardvarma, sem er talin
rosklega 30 TWST/a, en par af eru pegar nyttar naer 20 TWst/a. Hve lengi zetla islensk stjérnvold ad
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hundsa abendingar Valorku og draga pad ad hefja rannsdknir? Hvers vegna er sjavarorkunyting ekki
begar ordin hluti af orkustefnu islands?

A pessari teikningu eru merkt inn svaedi par sem aetla ma ad straumpungi sé mestur vid strendur og
vaenlegast ad virkja sjavarfoll. Aflmestu svaedin eru prju; Breidafjardarsvadid allt, par sem mestur
munur verdur fld0s og fjoru vid landid; Vestfjardasvaedid, par sem aflmiklar rastir eru vid hvert annes,
bar med Latrardst sem er orkurikasta rostin vid landid; Austfjardasveedid, en gridar umfangsmikid
straumasvaedi naer langt a haf Gt undan sunnanverdum Austfjoréum. AJ auki eru orkurikar rastir vid
Reykjanes, Snzafellsnes og Langanes og allmikill straumur vid Vestmannaeyjar og nesin nordanlands.
Enn hafa engar visindalegar maelingar verid gerdar i pessum réstum og pvi verdur fatt fullyrt um
umfang og nytingarmdguleika peirra. Kortid ad ofan byggir annarsvegar a reiknilikani a vef
Vegagerdarinnar og hinsvegar a reynslu sjdmanna, par 4 medal undirritads, sem reynslu hefur af
veidum allt i kringum landid. Sem dami um straumhrada i réstum ma hér tilfaera pad sem hinn virti
skipherra Eirikur Kristéfersson segir i minningum sinum; ,,A stjérnpallinum®; “: ,Straumhradinn {
Latrarost getur ordid allt ad atta milum & klukkustund”. pad samsvarar meira en 2,5 m/sek. Jafnvel
bo sa hradi sé alitinn hamarkshradi i stérstraumsfalli pa er straumhradi par og vidar an nokkurs vafa
virkjanlegur a hagkveeman hatt med hverflum Valorku.

»Tidal and Current Energy Resources in Ireland”.
Skyrsla SEAI (Sustainable Energy Authority of Ireland) fra arinu 2010 um mat a
sjavarorkuaudlindum vid Irland. Hér er 4 ferd mjog ahugaverd skyrsla, sem synir
a skyran hatt hid gridarlega umfang orkuaudlinda vid landid. Nidurstodurnar ma
ad morgu leyti yfirfeera & [sland, enda adstaedur um flest likar.

INTRODUCTION: The European Union, the Republic of Ireland and the Northern Ireland
Governments have each produced policies in respect of electricity generation which are intended to
promote an increase in the amount of electricity being generated from renewable energy sources.
The European Union and its member states have set targets for electricity generation from
renewable energy sources and the purpose of this study has been to investigate the tidal and marine
current energy resource in Irish waters.
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Hér er synd metin heildarorka & hverju
dyptarbili fyrir sig. Mest er hiin 4 30-50 m
dypi, sem er kjordypi fyrir ymsa hverfla s.s.
hverfil Valorku. Oljést er hvernig pessi mynd
litur Ut vid island, en sumsstadar hamla
grynningar virkjun, midad vid pa taekni sem nu
eriproun

Total Energy Resource: 10-50m Water Depth
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 irsku skyrslunni er gerd tilraun til ad deetla virkjanlega orku sjavarfalla. Su vidleitni er pé barn sins
tima, og tekur ad sjalfsogdu mid af peim fau sjavarfallahverflum sem pa voru ad hefja tilraunakeyrslu.
Pad voru allt skrdfuhverflar sem purfa minnst 2,5 m/sek straumhrada til ad teljast hagkvaemir. Nu

eru i préun hverflar (Tidal Sails o.fl.) sem atlad er ad
nyta straumhrada um 2 m/sek, og hverflar Valorku
munu nyta straum undir 1 m/sek 4 hagkveeman hatt. pvi
er litid leggjandi upp ur fyrri dra dtreikningum hvad
petta atridi vardar.

A myndinni hér til hlidar sést ad orkurikustu svaedin vid
irland eru milli pess og Bretlands, p6 straumhardar
annesjarastir séu vidar. Raud svaedi eru um og yfir 2
m/sek; gul yfir 1 m/sek og green 0,6-1,1 m/sek. Sa hradi
mun verda virkjanlegur med hverflum Valorku en var
ekki talinn nytanlegur pegar irska skyrslan var gerd.

Hér ma sja dreifingu 6flugustu straumasvaedanna
kringum irland, Bretland og Frakkland. Sameiginlega
bua pessi 16nd liklega yfir umfangsmestu sjavarfallaorku
a.m.k. vid Atlantshaf, ef ekki i vidri verold.
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A pessari mynd er synd sveifla
sjavarfalla yfir einn sdélarhring fyrir 7
stadi kringum irland; hver stadur i
sinum lit. Sja ma ad med
samtengingu virkjana maetti na
nokkud jafnri orku6flun. Valorka
hefur bent & sému moguleika
hérlendis.

SUMMARY:

1. The technical resource has been calculated for areas where the peak tidal velocity is greater than
1.5m/s and is equal to 10.46TWh/yr which represents approximately 25% of the predicted
electrical consumption for the year 2010. (Sja pé aths. Valorku hér framar).

2. Tidal current machines are in the early stages of development with only a few examples at
reasonable size having been demonstrated to date.

3. Existing electrical and subsea cabling technology as used in offshore wind power developments is
sufficiently advanced and should be directly applicable to tidal current farms without major
modification.

4. Extensive research into tidal energy technology is still required if economic electricity generation is
to be achieved with peak tidal velocities of 1.5m/s.

Mikilveegt er ad hafa i huga ad haegstraumstaekni Valorku er likleg til ad margfalda
nytingarmoguleika sjavarfallaorku; hérlendis sem erldndis. Sja nanar hér frama a bls 9.

6.2. islensk verkefni i sjavarorku

A islandi hefur orkuframleidsla préast med nokkud 68rum haetti en hja nagrannapjédum, pannig ad
sjavarorka hefur nanast buid vid fordéma. Astaedan er liklega annarsvegar timabundid gott adgengi
ad virkjanlegu vatnsafli og jardhita, en hinsvegar vidhorf stjérnvalda, sem einhlida hefur métast af
hagsmunum orkufyrirtaekja sem eru einrdd & litlum markadi. Su vidhorfsmdétun hefur gengid svo
langt ad heita ma ad stofnanir jafnt sem rdduneyti a svidi orkumala gangi alfarid erinda stérra
orkufyrirtaekja, en leitist vid ad hafna 6llu pvi sem ekki pjonar peirra rekstri. Su er itrekud reynsla
Valorku ehf eftir aratugar vidskipti vid stjornkerfid. Verdur peim vidskiptum litillega lyst i naesta kafla.

bratt fyrir petta hafa eflaust fjélmargir velt fyrir sér moguleikum & beislun hinnar gridarmiklu orku
sem hvarvetna ma sja vid strendur; i formi 6ldu og sjavarfalla. Undirritudum er kunnugt um a.m.k.
tvo frumkvadla af sinum heimaslédum sa sunnanverdum Vestfjordum sem voru miklir ahugamenn
um nytingu sjavarfalla: Magnus Olafsson hugvitsmadur i Vesturbotni og Sigurdur Magnusson rafvirki
sem um tima bjé i Breidavik. Sa sidarnefndi ritadi grein i Morgunbladid arié 2001; ,Oflun
umhverfisvaennar raforku®, um petta efni.

Eitt verkefni hefur verid stofnad med pad ad markmidi ad rannsaka og kanna raunhafi & nytingu
tiltekins svaedis. betta er fyrirteekid Sjavarorka ehf, stofnad 2001, sem hefur adsetur i Stykkishdlmi og
beinir sjonum sinum ad Rost i mynni Hvammsfjardar. Upphafsmadur verkefnisins og helsti drifkraftur

58



er Sigurjon Jénsson, en adilar ad pvi eru m.a. Landsvirkjun og Nysképunarmidstéd islands. Gerdar
hafa verid straumarannsdknir sem syna ad parna er liklega einn mesti straumhradi sem verdur vid
landid. Hinsvegar hefur verkefninu litt midad i nokkur ar. Engin teeknipréun er pvi samfara.

Tvo teeknipréunarverkefni er undirritudum kunnugt um; ad fratoldu verkefni Valorku, sem badi luta
ad préun nyrra sjavarfallahverfla. Ekki liggur fyrir heimild til ad nafngreina hugvitsmennina. Annad

verkefnid var virkt fyrir um fimm arum, pegar undirritadur hitti hugvitsmanninn og fékk ad sja likan.
pad er eindsa skermadur gegnumstreymishverfill sem verdur ekki lyst nanar hér. Ekki er vitad hvort
hinn aldni hugvitsmadur hefur haldid afram préuninni. Hitt verkefnid er i gangi en 4 byrjunarstigi og
er einnig gegnumstreymishverfill. Ad pvi stendur eldhugi sem undirritadur hefur getad veitt nokkra

leidsogn. Skal hér ésagt 1atid um raunhaefi pessara verkefna.

Einungis eitt verkefni & svidi teeknipréunar sjavarorku hefur enn sem komid er komist verulega
aleidis. bad er verkefni Valorku ehf, sem hér verdur litillega fjallad um, en pvi eru betri skil gerd i
sérstokum skyrslum sem birtar hafa verid og sendar stjérnvéldum.

6.3. Verkefni Valorku ehf.

Fyrsta og 6flugasta préunarverkefni islendinga a svidi sjavarorkutaekni. Verkefni Valorku ehf, sem
byggir 4 hugmyndum undirritads, er eina hverflapréunarverkefnid sem komist hefur ad stigi
sjépréfunar og eini islenski hverfillinn sem hlotid hefur einkaleyfi. Hugmyndir ad beislun sjavarorku
kviknudu fyrir nokkrum aratugum hja undirritudum.

10 &ra préunarferli. Arid 2009 var Valorka ehf stofnud; i eigu undirritads, og hafin var vinna ad smidi
likana og préfun peirra. Til ad kanna nynaemi var sott um einkaleyfi. pad fékkst og var fyrsta
einkaleyfi islensks hverfils. [ 1jés kom ad adferdir Valorku reyndust vel raunhaefar, en paer byggja 4
notkun nyrrar hverfilgerdar sem nefnd er ,pverstéduhverfill“. Hann er af att
gegnumstreymishverfla“ (cross-flow turbines); p.e. med megindxul pvert 4 straumstefnu, en er
annars 6likur 68rum hverflum af peirri gerd. BI6din breyta afst6du gagnvart straumnum 3
hringferlinum og fremur er nyttur pungi vatnsmassans en vaengahrif. A tiu ara préunarferli hafa
proéast all margar gerdir af hverflinum.

i upphafi var dhersla 16gd a préun einasa hverfils. Nadi hann fullkomun i gerd sem nefnd er V-5. Til
st6d ad préfa hann i sundum Hornafjardar, par sem eru kjordadstaedur til préfana. Var i peim tilgangi
hannadur og smidadur vandadur profunarfleki med gddum bunadi; fyrsta hverflapréfunarstédin
hérlendis. En vart var fyrr buiid ad dyfa hverflinum i sjé pegar stjornvold kipptu 6llum studningi af
verkefninu. Pegar pad loksins komst i gang aftur, naer tveimur arum sidar, var hafin vinna vid nyja
gerd hverfils sem byggdi & hinum fyrri en er tviasa eda fjolasa.

Tviasa hverfill hentugri. Bl6d hans eru ekki fest a einn 6xul heldur 4 bénd sem ganga um tvo eda
fleiri 6xla. Minnir pannig um margt a faeriband. bessi gerd hefur gengid undir heitinu Val-X (tiundi
hverfill Valorku) eda Valex. Kostir pessa hverfils eru ymsir umfram fyrri adferd. Hinn steersti og
augljésasti er sa ad med slikum hverfli ma virkja straum & vidu svaedi par sem dypi er mjog
takmarkad. Pannig hagar jafnan til & helstu virkjanasvadum hverfilsins, sem eru annesjarastir par
sem massi sjavarfallsins hradast vegna fyrirstodunnar. Gerdar voru tilraunir med ymsar adferdir vid
t.d. opnun og lokun blada og hvort betur hentadi undir- eda yfiropnun; p.e. hvort bladid opnast inn i
hringinn eda utfyrir hann. Einnig med stifun blada o.fl. Merkur afangi nadist pegar adferd fannst til
ad losa hverfilinn vié burdarvirki milli asanna. Med pvi er stigid stort skref til einféldunar, minni
efniskostnadar, audveldunar i lagningu, medferd og endurheimtu o.fl. Staersti kosturinn vid pessa
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adferd er po sa ad hun gerir kleyft ad hafa hverfilinn eins langan og adstaedur virkjunarstadarins
leyfa. Mikilveegt er, einkanlega i mjog haegum straumi, ad na saman afli af vidu svaedi 4 sem
hagkvaemastan hatt. pad liggur i hlutarins edli ad hagstraums- sjavarfallahverflar munu verda
langsteerstu hverflar heims, og liklega verdur sa staerstur sem nytir haegasta strauminn; hinn islenski
hverfill Valorku. [ einni Gtfaerslu sinni er hverfillinn peirrar gerdar ad unnt er ad leggja hann af skipi,
likt og fiskilinu; dan pess ad nokkur mannvirki purfi 4dur ad gera a hafsbotni og an pess ad nota purfi
kafara eda sjédréna. Hann verdur unnt ad endurheimta ad fullu a faeinum klukkutimum. bar sem
gddar adstaedur eru fyrir hendi; t.d. par sem straumur liggur langar leidir i beina stefnu (t.d. undan
Latrabjargi og vidar) getur sa hverfill audveldlega verid yfir kilbmetri ad lengd, og adrir samsida stutt
fra. Samanlagt flatarmal blada sliks hverfils yrdi yfir 1000 m?, en afl hverfilsins er had straumhrada og
endanlegri skilvirkni hans. [ allri hénnun hverfilsins er leitast vid ad lagmarka baedi tilkostnad og
umhverfisahrif, en auka um leid einfaldleika baedi i virkni og medhéndlun. A pann hatt verdur best
tryggt ad hverfillinn verdi samkeppnishaefur.

Notkun. Hverfill Valorku verdur lagdur |aréttur i sjé par sem straumhradi er heefilegur; liklega milli ca
0,7 og 2 m/sek. Hann verdur nokkru ofan botnsins, par sem straumur er haegari og idur meiri; og
nokkru nedan yfirbordsins, par sem brimid tortimir mannanna verkum. Hann hindrar pvi hvorki
botnlif né botnrek; ekkert er 4 yfirbordinu sem veldur sijdnmengun eda hindrar skipaumferd; hvorki
efnamengun né losun lofttegunda berst fra hverflinum og syndandi lifverum er engin hatta buin
vegna hins haega snuningshrada. Miklu fremur gaeti hverfillinn verid i haettu ef stérar skepnur, t.d.
hvalir, taka ad kléra sér uppvid hann. BI6d verda stadsett pannig ad ,skuggadhrif” verdi sem minnst;
b.e. ad idukeila aftan blads verdi dofnud Ut adur en hdn nai ad hafa ahrif 4 naesta blad 3 eftir. M.a.
vegna pessarar keilu er ekki eftirsdknarvert ad hafa blod mjog stor, en fremur hafa hverfilinn lengri.
A 16ngum hverfli verda millioxlar med vissu millibili til styringar; fragengnir med adferdum sem
Valorka telur einkaleyfisheefar, likt og margt fleira i hdnnuninni.

Fremst @ heimsvisu i nytingu umfangsmestu strandsvadanna. Ekki er vitad af neinum hverfli i
heiminum sem kominn er naer pvi ad na tékum a virkjun mjog haegra strauma; jafnvel undir 1 m/sek,
a hagkvaeman hatt. Enginn hverfill sem nu er i préun likist hverfli Valorku ad miklu marki; og enginn
hverfill er hannadur fyrir svo litinn straumhrada. Sa eini kemst naest pvi og er kominn nokkud aleidis i
proun er hverfill Tidal Sails, sem lyst var nokkud hér framar. Hann er pé mun pyngri i véfum og er
ekki eetlad ad starfa i minni straumhrada en 1,5-2 m/sek. begar einnig er tekid tillit til pess gridarlega
hafflaeamis sem virkjanlegt verdur med hverfli Valorku er ljést ad markadsstada hans er gulltryggd eftir
ad préun lykur. bad var pvi naesta gratbroslegt pegar Taeknipréunarsjédur notadi pad sem fyrirslatt
til ad synja Valorku um framhaldsstyrk vorid 2018, ad markadsstada hefdi ekki verié konnud til hlitar.
Synir pad betur en margt annad hina miklu vanpekkingu og pa miklu fordéma sem hér rikja i gard
sjavarorku.

Stada préunar hverfils Valorku er nina st ad smidad hefur verid likan sem tilbuid var til sjépréfana
vorid 2018. Fresta purfti préfununum vegna adurnefndrar synjunar Taeknipréunarsjéds, en unnid er
afram ad undirbuningi peirra. Hverfillinn sem préfadur verdur er tveggja asa; med 50 metra bandi,
eda um 25 m milli dsa. BI6din eru 16 ad t6lu; hvert 2,2x0,75m ad steerd eda med heildarflatarmal um
26 m2. [ smidum er annar hverfill, med mun meira flatarmal. bratt fyrir petta mikla flatarmal er
pbyngd hverfilsins sjdlfs rétt um 50 kg, ad fratdldum endabunadi og hann er med hlutlaust flotvaegi.
Profanir fara fram med tilraunafleka Valorku, sem breytt hefur verid i pessu skyni. Préfanirnar ma
gera med pvi ymist ad draga hverfilinn 4 eftir flekanum eda leggja honum vid botn i straumi. Badi
verdur maeldur straumhradi og atak hverfilsins. Hefur Valorka fest kaup & bat til pessara préfana, en
fyrir & Valorka flutningabil til ad koma bunadinum milli stada. Tryggd hefur verid adkoma
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verkfraedifyrirtaekisins Mannvits ad préfununum og Urvinnslu nidurstadna, en einnig hefur Valorka fra
upphafi notid samstarfs vid virta visindamenn i haskélasamfélaginu.

Mikilvaegt framlag til orkuskipta heimsins. Hverfill Valorku hefur alla méguleika & ad verda
mikilveegt framlag Islendinga til peirra orkuskipta sem framundan eru & heimsvisu; til pess brotthvarfs
fra mengandi orkuvinnslu sem m.a. Parisarsattmalinn skyldar 6ll adildarriki til ad vinna ad. Um leid
og hverfillinn gaeti ordid mikilvaeg og verdmaet islensk hataekniframleidsluvara gaeti hann verid
lykillinn ad pvi ad vid Islendingar verdum fyrsta pjod heims til ad nyta sjavarfoll i annnesjardstum til
raforkuframleidslu.

Nuverandi neikvatt vidhorf stjérnvalda i gard sjavarorku og verkefna Valorku eru pvi ekki einungis
alvarlegt og skyrt brot 4 Parisarsamkomulaginu, heldur einnig brot gagnvart sidari kynslé6um
islendinga og 6spilltri nattdru landsins. Nanar um petta atridi hér 4 eftir.

Mjog fjolpaett frumherjastarf. Auk hverflapréunar hefur Valorka verid brautrydjandi i flestu pvi sem
lytur ad sjavarorkunytingu hérlendis. Ma par nefna almenna kynningu 4 umfangi og
nytingarmoéguleikum sjdvarorku; barattu fyrir pvi ad stjornvold moti stefnu a pessu svidi; barattu fyrir
rannsoknum a sjavarorku; alpjédlegu samstarfi; innlendu samstarfi; radgjof til frumkvodla 4 pessu
svidi; kennslu & haskodlastigi @ pessu svidi; smidi fyrstu tilraunastdédvarinnar fyrir hverlaproéfanir; fyrsta
einkaleyfi islensks hverfils og vidamikil upplysingaséfnun. Og er pd ekki allt upp talid.

R&D Prototype Demonstration
Small-scale device Hepresentatve sngle- Series or zmall amay of * Medagm-zcale aray » Full-scale commerial
validated n lab zcale dovices with full- ful-=rale devices of full-zcale devices 000N SNOIJY power
Companent tecting and “cae components Deployed in relevant EXPENRNCING Nitractons plant or farms
validation Deploved in relevant a3 concitions «Gndcorecied D ahb « Deployed In cpemational
Sralimesiur-scale sea conditons bty 1o evidence or aubstason {amay) real ea concihons
Blots Abity to eviderce power generation 1o Grid « Deployod in elevant! Mazz prodoction of off-
snengy Jeneration For OTEC and cperaboral zea the-zhelf components
caliniey Gracient Ful conditions anc cevices
functionaiity down- » For OTEC anc zalinty
scalec power plant gradent scalae
R 14 1R 56 TRLS.7 6.8 = 7S

Source: Ocean Energy Europe. Generated through consuitation with Ocean Energy Europe and the Ocean Energy Forum

TRL-stig. bréunarstig sjavarorkutaekni ma meta t.d. med ofangreindri stigagjof ESB sem vidast er
opinberlega vidurkennd. Verkefni Valorku er nina a stigi frumgerdar; p.e. TRL 3-6. Hverfillinn er nu
tilbdinn til sjoprofana en tafdist 2018 vegna stjornvaldshindrana. Eftir ad jakveedar nidurstédur hafa
fengist ar sjépréfunum er verkefnid komid yfir stig TRL-6, en pad opnar mikla moguleika, baedi a
oflugu samstarfi og aGkomu fjarfesta og erlendra sjéda.

Samanburdur vid skrafuhverfla. Til samanburdar er hér litid & hverfil MeyGen.

61



CASE STUDY 1: Tidal Energy — MeyGen Phase 1A; 6MW

The MeyGen (www.meygen.com)
project is the largest tidal current
project under development in
Europe. When fully constructed,
the project will deliver 398MW
of tidal power. In its first stage
(Phase 1A) the project will deliver
the installation of four 1.5SMW
turbines offshore as well as

the construction of the onshore
infrastructure. Three of the
turbines will be supplied by Andritz

Hydro Hammerfest and one Project CapEx Value

Lockheed Martin-designed turbine Overall Capital Expenditure (CapEx) | €51.3 million

supplied by Atlantis. The project Project size EMW

finance was secured through a mix | Specific CapEx €8.55 million/™MW

of debt, grant and equity finance Finance Value

(see table). Debt €17.5 million {34% share

of total CapEx)

Grants €13.3 million (26%)
Equity €20.5 million {40%)
Of which developer share €10.8 million {21%)

Nanast allir sjavarfallahverflar sem nu eru komnir langt i préun, ad undanteknum stifluvirkjunum, eru
skrafuhverflar. beim er aetlad ad nyta mikinn straumhrada i sundum og eru ekki taldir hagkveemir i
haegari straumi en 2,5 m/sek. bar er orkupéttni gridarmikil, en hinsvegar eru slik sund mun
sjaldgaefari og umfangsminni en annesjarastir pzer sem t.d. hverfli Valorku er tlad ad nyta.

Innskotid hér ad ofan er ur skyrslu ESB: ,Ocean Energy Roadmap” fra 2016, og synir afallinn
préunarkostnad vegna sjavarfallahverfilsins MCT sem nu er préadur af Meygen, og hefur verid i
tilraunakeyrslu i nokkur ar. Heildarstofnkostnadur hans hefur verid 51,3 millj.€ eda 6.669 milljénir
isl.kréna, og par af hafa styrkir numid 1.729 milljonum kréna. Erfitt er ad meta uppsafnadan
préunarkostnad vid hverfil Valorku, par sem megnid af honum liggur i bdkfeerdu vinnuframlagi
frumkvodulsins. En fengnir opinberir styrkir eru rétt ramlega 50 milljénir kréna. Hann @ enn nokkud i
land med ad na sama préunarstigi og MCT, en ljost er af edli verkefnisins ad préunarkostnadur verdur
ekki nema brot af pvi sem parna sést; jafnvel p6 tekid sé tillit til mun minni afkastagetu vegna élikra
virkjunarstada. Einnig skal haft i huga ad hverfill Valorku mun nytast 4 margfalt algengari og
umfangsmeiri virkjunarsvaedum en MCT.

Haegstraumar algengastir. Stadir til nytingar lahradavirkjana eda strandvirkjana eru margfalt
umfangsmeiri en peir stadir sem nyta md med stifluvirkjunum og skrufuhverflum. brdéunaradilinn
Tidal Sails telur ad um 99% virkjanlegrar sjavarfallaorku vid strendur sé par sem straumhradi fer ekki
yfir 2 m/sek. Haegstraumsvirkjanir sjavarfalla er pvi ad 6llum likindum pad virkjanaform sem verdur
ofand pegar fram lida stundir; ekki sist i umhverfislegu tilliti.

Umsogn ESB i skyrslu JRC. bréunaradilar i fararbroddi sjavarfallavirkjana eru ad sjalfsogdu peir sem
helst hafa notid studnings fjarsterkra adila. Stodunni er lyst a eftirfarandi hatt i skyrslu
Rannsdknamidstddvar ESB: ,,JRC Ocean Energy Status Report; 2016 Edition”, en par segir petta um
stodu teeknipréunar (pyding VO):

»Sjdvarfallavirkjanir (TEC) hafa proast jafnt og pétt d sidustu drum. Merkasta
skrefid i att til markadssetningar sjavarorkutaekni var tekid af Meygen-verkefninu,
sem gangsett var d@rid 2016. Fjorir 1,5 MW hverflar mynda fyrsta hverflabu (array)
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sjavarorkuhverfla i heimi, dsamt 200 kW hverflabui Nova Innovation ¢ sému
slédum. Fjéldi tilraunaverkefna er i sioprofunum i Frakklandi (Open Hydro), Hollandi
(Tocardo og Bluewater TEC), Bretlandi (Minesto, ScotsRenewable, Sustaniable
Energy Marine) og Kanada (Open Hydro).

Sjavarorkugeirinn hefur ndd mikilvaegu skrefi préunar, par sem pérf er a
hverflabuum i tilraunavinnslu, med skyr markmid um forgangsrédun og hagkvaemni.
Aukinn fjéldi tilraunaverkefna i sjo er skyrt merki um ad sjavarfallavirkjanir hafi nad
dkvedinni taeknilegri fullkomnun. Skrufuhverflar hafa ndd taekniprounarstiginu (TRL)
8, og pau sem lengst eru komin eru neer fullproud. Adrar adferdir sem ndd hafa
verulegum drangri eru skermadir hverflar (enclosed tips) og drekahverflar (tidal
kite). Buist er vid ad yfirstandandi verkefni i Frakklandi og Kanada leidi i |jos haefi
skermadra hverfla. Drekahverlar hafa ndd TRL 5, og vonast er eftir ad peir ndi TRL 7
arid 2017. Ekki er vitad til ad drangur hafi nddst med annarri taekni, t.d. hverflum
med I6dréttum dsi, vaenghverflum og Arkimedesarskrufu.

Sa drangur sem nu er synilegur med adurnefndum hverflabuum, vardandi
dreidanleika og pol, mun auka truverdugleika greinarinnar og lada ad
einkafjarfesta. Samfélagslegur stu@ningur er po eftir sem adur naudsynlegur til
undirbunings frekari arangri”.

6.4. Alit freedimanna um kosti strandvirkjana:

,»Current tidal power technologies and their suitability for applications in coastal and
marine areas”:

Fraediritgerd atg. 2018, par sem athyglinni er einkum beint ad adferdum til nytingar
sjavarfallarasta i grunnsjé. Hofundarnir eru A. Roberts; B. Thomas; P. Sewell og Z.
Khan, sem starfa m.a. vid Faculty of Science and Technology og Bournemouth
haskdla. EinnigS. Balmann og J. Gillman sem starfa vid Balman Environmental Trust.

Of the many varieties of renewable energy, tidal power is one of the few that is almost perfectly
predictable over long timescales (Denny 2009). As a marine renewable, tidal power deployments can
be located in under-utilised locations (Fraenkel 2006), and so positioned out of sight and out of mind
much more readily than large onshore devices, overcoming the so-called not in my backyard (NIMBY)
problem that particularly affects wind power (Premalatha et al. 2014). Since the tides are out of
phase around the coast, power is likely to be available at one tidal installation while there is slack
water and no tidal power available in another part of the country (Fraenkel 2002). However, energy
availability during neap tides is significantly less than that during spring tides, regardless of location.

There are two methods of generating electricity from the tides:

1. tidal range devices, which utilise the difference in water level between high and low tide;
2. tidal stream devices, which utilise the energy of flowing water in tidal currents to generate
electricity directly.

Range devices are the most well-known form of tidal energy, thanks in no small part to the 220
MW Rance River Tidal Power Station in Brittany, France, which opened in 1966 and has been
operating at full capacity since 1968. However, tidal range schemes are currently receiving less
research attention from government, industry and academia than the second method of tidal
stream, which is perceived to benefit from lower installation costs and reduced environmental and
ecological impacts (Fairley et al. 2013). Tidal stream is often considered to be analogous to wind
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energy, as in both methods energy is extracted from a moving fluid. However, while the wind
industry has seemingly settled on three-bladed axial-flow turbines as the energy convertors

of choice [due to a general acceptance that they are more efficient at larger scales (Howell et al.
2010)] there are currently many different technologies in development in the tidal stream sector.
These include a multitude of different turbine designs, as well as more unusual concepts such as
oscillating hydrofoils and tidal kites.

The bulk of current tidal energy research and development appears to be naturally focussed on
developing larger scale schemes and devices to harness the greatest resources. As an example,
Marine Current Turbines’ (MCT) SeaGen device, arguably the most fully developed tidal stream
turbine, is considered viable in 20—-40-m-deep waters with peak spring tidal current velocities that
are greater than 2.25 m/s (Denny 2009), while proposed tidal range schemes typically enclose tens or
hundreds of square kilometres of water (Rourke et al. 2010a).

Many of the locations that meet these size and speed requirements, for instance Pentland Firth
off the northeast coast of Scotland, are located in sparsely populated regions many kilometres from
areas of peak electricity demand. A review of the literature suggests relatively little consideration has
thus far been given to exploring the potential of smaller scale tidal power from more diverse
locations that are closer to populated areas. For example, the 2025 UK tidal stream resource
estimates provided by The Crown Estate (2012) were predicted assuming tidal turbine rotor
diameters of 40 m, operating in waters up to 60 m deep (The Crown Estate 2013).

There would be benefits to developing devices that could harness any potential resources in such
locations. Aside from the obvious contribution to renewable energy targets (either through directly
supplying renewable electricity to the grid or by reducing demand from other resources), efficiency
savings in terms of reduced transmission losses would be made by generating power much closer to
where it is needed. Additionally, connecting devices to the grid would be a more straightforward
endeavour; near-shore sites would reduce the length of expensive undersea cabling required to
transmit power back to land—a definite benefit given that the price of installing the cable can
sometimes exceed the costs of the cable itself (de Alegria et al. 2009).

Small devices would by definition be cheaper to build and install than their larger counterparts
(Bryden et al. 1998), and devices in shallow near-shore waters would also be more accessible,
allowing easier installation and maintenance. These benefits could make small-scale tidal technology
an appealing option for coastal communities as part of a distributed generation strategy, helping to
overcome the variability of other renewables and fitting in to a wider context of sustainability
and efficiency.

However, there are drawbacks that will need to be overcome if such sites are to be utilised. Chief
amongst these is that these sites are likely to be less resource rich than those already under
consideration. For example, in shallow waters the slower flowof the tidal current boundary layer will
occupy a greater portion of the water depth, reducing the resource available to tidal stream devices
(Polagye et al. 2010). Additionally shallow channels, which are already highly stressed due to bottom
friction, produce proportionally less power and suffer a diminishing return as new devices are added
due to increasing levels of drag (Vennell 2012). Lone devices may, therefore, be more cost-effective
in such areas than larger arrays. Submerged devices in shallow waters will also be closer to the photic
zone and hence subjected to a greater risk of bio-fouling; being closer to shore they are also likely to
more readily impact highly complex and inter-dependent coastal ecosystems. Devices in shallow
waters will also pose more of a navigational hazard to commercial and recreational marine traffic
and, positioned close to shore, they may also impact other water users such as swimmers, and be
more visible on land, potentially leading back to issues with IMBYism.
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Um nidurstéduna: | pessum Utdraetti ritgerdarinnar komast fraedimennirnir ad peirri alyktun ad
smaar sjavarfallavirkjanir séu liklegri til ad gagnast a grunnsaevi en steerri virkjanir; einkum i dreifdari
byggdum. A pessa stadreynd hefur Valorka bent  sinum skyrslum. Hverfill Valorku er einstaklega
hentugur @ pessum st6dum og préun hans hefur midast vid slika notkun. Valorka hefur einnig bent &
lausn annars vanda sem snyr ad notkun sjavarfalla i byggdum fjarri samveitutengingu. Vio slikar
adstaedur vaeri hentugt ad nyta sjavarorkuna fyrst og fremst til hitunar vatns i geymum, en kynding er
meginnotkun raforku a.m.k. 8 nordleegum slédum. Auk pess eru ymsar hentugar geymsluadferdir
raforku i hradri préun.

Um hagnytingu timamismunar til sveiflujéfnunar (phasing):

,Tidal energy leasing and tidal phasing”:
Fraediritgerd atg. 2018 um kosti pess ad nyta timamismun sjavarfalla med
nettengingu til ad jafna Ut sveiflur vegna fallaskipta. Slik j6fnun a ekki sidur vid
hér & [slandi en i Bretlandi, sem pessi rannsékn beinist einkum ad. Hefur oftsinnis
verid 4 pad bent i skyrslum Valorku. Héfundar eru P. Neill og Matt J. Lewis hja
School of Ocean Sciences; Bangor University, asamt M. Reza Hashemi hja
University of Rhode Island.

ABSTRACT: In addition to technical and economic constraints, tidal energy leasing is generally
governed by demand for sites which contain the highest tidal streams, and does not take into
account the phase relationship (i.e. the time lag) between sites. Here, the outputs of a three-
dimensional tidal model are analysed to demonstrate that there is minimal phase diversity among
the high tidal stream regions of the NW European shelf seas. It is therefore possible, under the
current leasing system, that the electricity produced by the first generation of tidal stream arrays will
similarly be in phase. Extending the analysis to lower tidal stream regions, we demonstrate that
these lower energy sites offer more potential for phase diversity, with a mean phase difference of
1.25 h, compared to the phase of high energy sites, and hence more scope for supplying firm power
to the electricity grid. We therefore suggest that a state-led leasing strategy, favouring the
development of sites which are complementary in phase, and not simply sites which experience the
highest current speeds, would encourage a sustainable tidal energy industry.

DISCUSSION: Our analysis of tidal current phasing throughout the NW European shelf seas reveals

that more phase diversity is offered by lower tidal flow regions (peak spring tidal currents >1.5 m/s),
compared to the phase diversity offered by high tidal flow regions (peak spring tidal currents >2.5
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m/s). In particular, and in agreement with previous studies of the region, the high tidal flow regions
of the NW European shelf are generally in phase with oneanother. Therefore, should all these high
tidal flow regions be developed, the aggregated electricity generated would be characterised by
strong semi-diurnal intermittency. Clearly, development of lower tidal stream sites would diversify
this phasing, and generate firmer power with less intermittency. However, it is important to note
that these lower tidal stream sites also experience intermittency over semi-diurnal timescales, and
that the peak in aggregated electricity generation would be shifted by at best 1.25 h for lower tidal
stream sites, in comparison to high tidal stream sites. Further, it is important to consider the

cost associated with exploiting lower tidal streamregions, since the number of turbines (or
equivalent swept area) installed would need to increase by an order of magnitude compared to high
tidal energy sites.

Since leasing for tidal energy schemes is currently driven by demand for high tidal stream sites,
this creates a scenario where the majority of tidal electricity generation for a country with an
energetic tidal resource like the UK could be in phase. This is in contrast to the wind energy sector
because, since the wind resource is governed by large-scale atmospheric circulation, there is no
particular pattern to wind phasing throughout a country the scale of the UK. Therefore, leasing for
multiple geographically distributed wind energy arrays need not account for phase, and so there
would be no appetite for this aspect of the leasing process to be centrally controlled. In contrast, as
we have demonstrated here, phase is an important consideration in optimising large-scale tidal
energy resource exploitation, and so it could be useful for the sustainability of the tidal energy
industry if the leasing strategy accounted for the phase relationship between sites, in addition to the
magnitude of the resource.

A timescale issue which tidal stream energy alone cannot address, regardless of the phase
relationship between sites, is intermittency over the springeneap cycle. This longer timescale issue
occurs simultaneously throughout the world, since it is governed by the lunar cycle, and so cannot be
compensated through optimal site selection. In common with tidal stream energy, the potential
energy contained within the vertical tide (tidal range) will also be significantly lower during neaps, in
contrast to springs. Therefore, if marine energy is to make a significant contribution to large-scale
electricity generation, it will be necessary to supplement it with electricity generated at independent
timescales, e.g. via waves and offshore wind. One concept which has been suggested in the past is
the development of a multiple-resource supergrid, which would facilitate the aggregation of discrete
tidal energy sites investigated here, and also allow these locations to be connected to other
intermittent renewable energy sources operating on various timescales, such as waves and offshore
wind. Although such a concept would be difficult to implement in practice, due to cost and the level
of international cooperation that would be necessary, it might also be possible to introduce storage
into the supergrid, e.g. through pumped hydroelectric schemes, hence compensating for
intermittency.

CONCLUSIONS: In this article, we analysed the outputs of a 3D tidal model of the NW European
shelf seas to demonstrate that one strategy for encouraging a sustainable tidal energy industry could
be to consider the parallel development of both low and high tidal stream sites, due to the phase
diversity offered from aggregating electricity generated across a range of tidal current amplitudes.
Although technical and economic constraints are important, this suggests that a state-led leasing
process should be considered, since the current leasing process is primarily driven by demand for
high tidal stream sites. It would be useful for future studies of phase diversity to consider additional
tidal constituents (particularly the principal semi-diurnal solar, S2, constituent), and to also consider
marine renewable energy sources acting on other timescales, e.g. waves, and to apply optimisation
algorithms to determine optimum renewable energy roadmap scenarios. Further, such a study would
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be advised to include feedbacks between energy extraction and the resource, and to examine
timescales of relevance to stochastic processes, e.g. seasonal, inter-annual, and inter-decadal.

Um nidurstéduna: Hér fjalla fraedimennirnir um adferd til ad jafna Ut framleidslustédvun um
fallaskipti sem er fylgifiskur sjavarfallavirkjana. A petta hefur Valorka idulega bent i skyrslum sinum.
Adferdin er su ad tengja virkjanir, sem stadsettar eru vid mismunandi fallatima, inn 4 sameiginlegt
neyslunet. Adferdin er einkar hentug 4 eyldndum eins og t.d. islandi og irlandi, par sem fallabylgjan
fer i kringum landid og fallaskipti eru @ misjéfnum timum i réstum kringum eyna. Forvitnilegt er i
bessu efni ad skoda grafid i kafla 6, & bls 56 hér & undan, um hugsanlega fasajéfnun 4 irlandi.

Kafli 7. Vidohorf og stefnumotun islenskra stjornvalda

7.1. Stjornkerfi métad af hagsmunum

Hér ad framan hefur verid leitast vid ad gefa sannferuga mynd af st66u og moguleikum
sjavarorkunytingar. [ peim tilgangi hefur verid vitnad ordrétt i hinar ymsu skyrslur peirra sérfraedinga
sem gerst aettu ad pekkja til, og margra stofnana sem starfa a pessu svidi. Allt er pad i samreemi vio
hinar morgu skyrslur og greinargerdir sem Valorka hefur itrekad sent stjornvoldum; oftar en ekki an
vidbragda eda svara.

A tiu ara préunarferli sinum hafa verkefni Valorku i alla stadi gengid vel og sannad sig, hvad vardar
verklega peaetti og veentingar. Hinsvegar hefur verkefnid itrekad lent i erfidleikum og haettu af 68rum
orsokum, sem erufordémafull vidhorf, skammsyni, pekkingarleysi og 6ndgur studningur
stjérnkerfisins. Birtingarmyndir pessa hafa verid med ymsu moti, en til ad bregda ljési 4 paer ma
benda a eftirfarandi deemi. Haft skal i huga ad hér eru einungis fa deemi nefnd; pau eru miklu fleiri:

e Astaedulaus synjun um studning. Taeknipréunarsjédur synjadi verkefninu um framhaldsstyrk
haustid 2013, vorid 2014, haustid 2014 og vorid 2018 pratt fyrir ad synt veeri fram a arangur
verkefnisins. bPaer synjanir gengu mjog naerri verkefninu og t6fou alla préun.

e Sinnuleysi rikisstjornar. Rikisstjornin synjadi sjalf verkefninu um studning i tvigang, pegar
sott var um litilshattar framlag af radstofunarfé hennar til ad forda verkefninu fra stédvun. A
sama tima styrkti hin pé ymis dnnur verkefni um svipadar upphadir med framlégum.

e  Greaenn sjodur misnotadur. Eitt fyrsta verk rikisstjérnar 4 haustdégum 2013 var ad taka
mestallt pad fé sem atlad var a fjarlogum til verkefna 4 vegum ,graena hagkerfisins” og setja
bad i 6skyld verkefni, en ad dbreyttu hefdi matt zetla ad verkefni Valorku settu ad njéta
studnings af pvi. Rikisendurskodandi gerdi alvarlegar athugasemdir vid pessa radstéfun
rikisstjornarinnar, en @ hann var ekki hlustad.

e Radherra ver spillingarmal. 1dnadarradherra vardi spillingarmal sem upp kom vid
styrkveitingar Orkusjéds, pegar Valorku var synjad um studning en formadur
radgjafarnefndar veitti stofnun brédur sins steerstu styrki sjédsins. Formadurinn vard ad vikja
eftir ad umbodsmadur Alpingis aleit pa styrkveitingu 6l6gmaeta. Radherra lét hina 6l6gmaetu
styrkveitingu standa og Valorku var ekki baettur skadinn. Engar skyringar hafa fengist af
hendi raduneytisins og radherra nysképunar og orkumala hundsadi beidni Valorku um fund.

e  Orkusj6di meinad ad stydja nyskopun. Idnadarradherra lagdi fram lagafrumvarp a Alpingi
par sem afnumin var heimild Orkusjdds til ad styrkja taeknipréunarverkefni af nokkur tagi.
Alpingi sampykkti pessa fraleitu tillogu an nokkurrar umraedu eda motatkveeda. Sagt var i
raduneytinu og Orkusjédi ad mistok hefdu verid gerd vid samningu frumvarpsins en engin
tilraun hefur verid gerd til lagfaeringa a peim mistokum. Verkefnisstjéri innti alpingismenn
itrekad eftir skyringum & pessari kollsteypu a hlutverki Orkusjéds og fundadi med
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atvinnuveganefnd Alpingis, en fékk engin vidbrégd hennar og hdn svarar ekki erindum
Valorku. Samkvaemt pessu atla stjornvold hafna allri nysképun hérlendis a svidi orkumala.
I0nadarradherra gerdi ad engu pingsalyktunartillogu sem sampykkt var einréma a Alpingi
vorid 2014. Tillagan var 16gd fram fyrir hvatningu verkefnisstjora Valorku, og beindist ad pvi
ad hafnar yrdu rannsoknir & hinum gridarmiklu audlindum sjavarorku vid island. Var radherra
med henni falid ad skipa starfshop til ad skipuleggja pad starf. Skipan radherra i pennan hép
er mjog gagnryniverd, og greinilegt ad rddherra zetladi starfshopnum fra upphafi ad drepa
nidur pad sem var tilgangur pingsalyktunarinnar; adé undirbda rannséknir 4 sjavarorku vié
landid. T.d. snidgekk radherra eina adilann sem fengist hefur vid taeknipréun 3 svidi
sjavarorku og hafdi med gildum rékum hvatt til pessara rannsékna; p.e. verkefnisstjéra
Valorku. Skyrsla starfshdpsins er & skjon vid allan raunveruleika, t.d. taeknipréun erlendis;
alpjodlegar skyrslur og aherslur i loftslagsmdalum, svo eitthvad sé nefnt. Hun er pvi émarktaek
i flestu tilliti, og pvi er sa vilji Alpingis enn éuppfylltur sem kom fram i pingsalyktuninni og
skyringum vid hana. Hagur komandi kynsldda er fyrir bord borinn medan pingmenn lata vid
svo buid standa.

Orkurisinn Landsvirkjun, sem er i pjéodareigu og undir eignastyringu rikisstjérnarinnar, hefur
hafnad pvi ad verja orlitlu broti gridarlegs ards sins af s6lu orkuaudlinda pjédarinnar til
studnings vid petta leidandi islenska verkefni & svidi sjavarorkunytingar. Um leid og
Landsvirkjun hafnar pvi nytir fyrirtaekid sama séluhagnad blygdunarlaust i eigin pagu til ad
prdéa taekni til vindorkunytingar; an nokkurrar stefnumérkunar ad halfu eigenda.
Nyskdpunarmidstod islands bregst 16gbundnu hlutverki sinu. Valorka atti i byrjun géd
samskipti vid Nyskopunarmidstdd. Haustid 2014 gerdi Valorka skriflegan samning vid NMi
um adstod vid verkefnid, og lagdi pa fram allar upplysingar um pad. NMI braut hinsvegar
alvarlega trunad pegar stofnunin, med pessar trinadarupplysingar i farteskinu, sétti um
styrki Orkusjdds i eigin nafni og i harla éjafnri samkeppni vid skjélsteeding sinn. Valorku var
synjad en NMI hlaut tvo haestu styrki sjédsins, en forstjéri NMi og paverandi formadur
uthlutunarnefndar eru braedur. Slik vinnubrogd eru forkastanleg og algerlega daszettanleg.
NMI hefur einkum pad lagalega hlutverk ad studla ad framgangi nyskdpunarverkefna og
hefur i peim tilgangi fjdlda sérfreedinga 4 sinum snaerum, sem veita skulu hlutlausa faglega
radgjof. Gefur auga leid ad verkefnarekstur stofnunarinnar i eigin nafni, med tilheyrandi
fjdrmalabraski og umsdknum i sj6di gegn skjolstaedingum sinum er algerlega dvidunandi.
Skorad er & alpingismenn ad endurskoda nu pegar lagagrunn og starfshaetti NMI. | pessu efni
ma minna & svar idnadarradherra vid fyrirspurn pingmanns Pirata fyrir nokkrum misserum,
bar sem fram kom ad NMIi saekir grimmt i samkeppnissjédi fyrir sin verkefni, i samkeppni vid
skjolsteedinga sina. Ekki verdur séd ad pad samraemist [6gum um stofnunina.
I6nadarradherra hundsadi hagsmuni pjédarinnar og hagsmunaadila pegar 16g08 var fram
,adgerdardatlun um orkuskipti“ arid 2017. bar var ekki ad finna eitt einasta ord um pa miklu
pbydingu sem proun sjavarorkutaekni hefur i pessu tilliti; ekki var lagt til ad stutt verdi vid
préoun nyrrar orkutaekni af neinu tagi og ekki var lagt til ad Orkuskjoédur styddi nyja orkutaekni.
Alpingi sampykkti pessa tillégu framkvamdavaldsins nanast ordalaust.

Enn var faeti brugdid fyrir verkefni Valorku pegar Teeknipréunarsjédur skrafadi fyrir styrki
vorid 2018 an pess ad meta styrkumsdékn & malefnalegan hatt. Engar skyringar fengust og
skriflegri fyrirspurn Valorku var ekki svarad. Su astaedulausa synjun olli pvi ad ekki var unnt
ad hefja sjéprofanir sumarid 2018 og tefur framgang verkefnisins.

Stjornvold svikja fyrirheit um studning vié nyskopun. Eftir efnahagshrunid 2008 t6ludu
stjérnvold fjalglega um naudsyn pess ad stydja yrdi nyskopun og hld ad sprotum sem geeti
ordid verdmaeeta- og atvinnuskapandi. Lidur i peirri vidleitni var ad stofna svonefndar
,frumkvodlamidstdodvar” par sem sprotafyrirtaekjum geefist hidsaskjol 4 vidradanlegu
leiguverdi. Ein peirra var Eldey & Asbrd; hisnaedi sem rikid fékk skuldlaust fra bandariska
hernum. bar fékk Valorka inni. Ekki voru moérg ar lidin fra hruni pegar stjérnvold hlupu fra
Ollum sinum fyrirheitum og gafu petta hisnaedi i hendur einkaadila sem eingdngu hugsa um
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eigin gréda. Nu hefur 6llum sprotum verid sagt upp hdsnaedinu i Eldey an nokkurra vona um
framhaldsleigu. Menn geta svo velt pvi fyrir sér hvort timasetningin sé tilviljun ein; ad
stjérnvold eigi pannig patt i ad svipta Valorku adst6du um leid og studningur er afskorinn.

e Raduneyti orku og nyskdpunar beitir sér gegn sjavarorkunytingu. A vorpingi 6skadi Alpingi
eftir skyrslu rdduneytisins um nyjar adferdir orkudflunar; sjdvarorku, vindorku og
varmadaelur. Vid skyrslugerdina og skipun i samradshép um hana snidgekk raduneytid
Valorku algerlega, pratt fyrir ad Valorka sé eini adilinn sem fengist hefur vid taeknipréun i
sjavarorku og beitt sér fyrir rannséknum og stefnumaétun a pvi svidi. Valorku var sendur
utdrattur dar skyrsludrégum raduneytisins, en par er flestum stadreyndum snuid vid og allt
gert til ad sverta st6du og framtid sjavarorkunytingar en upphefja adra orkukosti. Spurningar
hljéta ad vakna um hlutleysi raduneytisins i orkumalum. Ekki verdur vid pad unad ad pad
gangi svo grimulaust erinda orkufyrirtaekja sem hafa yfirburdi & islenskum orkumarkadi.

e Gagnslitil adgerdaazetlun loftslagsmalum. Rikisstjornin birti a8 haustdogum 2018
adgerdaaaetiun sina i loftslagsmalum. | henni snidganga stjérnvold algerlega skuldbindingar
sinar i 10.gr Parisarsamkomulagsins um studning vid taekni sem likleg er til ad studla ad
orkuskiptum a heimsvisu.

Parisarsamkomulagid. Oll helstu riki heims komu saman & radstefnu i Paris i arslok 2015, i peim
tilgangi ad koma bondum & mengun sem leitt hefur til mikilla loftslagsbreytinga og mun ad ébreyttu
stefna mestollu lifi a jordinni i haettu. Miklir hagsmunir voru i hafi og hart tekist 4. Nidurstadan vard
su a0 radstefnan sampykkti ad stefnt skyldi ad takmorkunum a losun grédurhuisalofttegunda, sem nu
bykir mesta égnin; pannig ad ,hnattraen hlynun“ verdi innan vid 2°C & samningstimanum, sem er til
2020. Nu pegar hafa naegilega morg riki fullgilt sattmalann til pess ad hann hefur tekid gildi; peirra a
medal island. Med 10.gr sattmalans eru adildarriki skuldbundin til ad stydja taeknipréun sem
studlar ad orkuskiptum & heimsvisu. pad dkveedi brjéta islensk stjérnvold med framkomu
sinni gagnvart verkefnum Valorku. Sja ndnar i naesta kafla.

Ur stjornarsattmala rikisstjornarinnar desember 2017:
»Rikisstjérnin vill gera betur en Parisarsamkomulagid gerir rad fyrir”.
,LOg0 verdi dhersla 4 ... ad draga ur losun og stutt vid nysképun & pessu svidi“.
,Loftslagsrad verdur sett a laggirnar og adgerdaaaetlun um samdratt i losun verdur timasett
og fjarmognud”.
| adgerdadzetlun verda m.a. ... markmid um loftslagssjod“.
,Langtimaorkustefna verdur sett... | orkustefnu verdi byggt 4 deetladri orkuporf til langs
tima ... og hvernig megi tryggja raforkuframbod fyrir almenning og atvinnulif”.
,Nyskopun og hvers konar hagnyting hugvits er mikilvaeg forsenda fjolbreytts atvinnulifs,
sterkrar samkeppnisstddu, hagvaxtar og velferdar pjoda“.
,LO0gd verdur sérstok ahersla 4 ad hvetja til nyskdpunar a svidi... verkefna i pagu
loftslagsmarkmida“.

7.2.
Takifaeri i haettu vegna skorts a stefnumoétun

fsland hefur { ymsu tilliti sérstodu medal heimspjéda. Annarsvegar ad pvi leyti ad hér er eypjéd
fjarri 68rum 16ndum, og pvi med sjalfstaedu raforkukerfi. Hinsvegar ad pvi leyti ad landid byr ad
allnokkrum orkulindum i formi vatnsfalla og jardhita, sem hér hafa verid nytt til almennrar notkunar i
haerra hlutfalli en vidast annarsstadar i heiminum. [slenskum hagsmunaadilum haettir til ad nefna
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petta endurnyjanlegar orkulindir; an nokkurs fyrirvara, en pad eru paer ekki nema ad vissu marki. Sér
i lagi hefur pad komid i ljés vardandi jardhitann; par er i faestum tilfellum unnt ad tala um sjalfbaera
nytingu i verulegum meeli. Virkjun vatnsfalla hefur i for med sér mikil nattiruspjoll, einkum vegna
I6na og mannvirkja; auk pess sem stzerstu virkjanirnar byggja a brddnun jokla vegna yfirstandandi
hnattraennar hlynunar. | pvi tilliti er ekki unnt ad tala um sjalfbaera né endurnyjanlega orkulind.
Sumar smavirkjanir standa pd vel undir peirri skilgreiningu.

Allt frd fyrstu dogum rafvaedingar hefur meginahersla raforkuvirkjunar beinst ad virkjun vatnsfalla
med stiflugerd. A sidustu dratugum hefur pé aukist raforkudflun med jardgufu. island byr vel ad
morgum 68rum orkulindum, sem flestar eru endurnyjanlegri en pessar tveaer; en peim hefur faeestum
verid sinnt. A sidustu darum hafa pé verid gerdar tilraunir med vindvirkjun. Okostir hennar eru
augljosir; orkuoflun er 6fyrirséd og virkjunum fylgir sjon- og hljddmengun, auk nattdruspjalla. pad
virkjanaform hefur meett mikilli andst6du erlendis og mun svo einnig verda hér a 6llum likindum.
Sélarorka er ekki nytt i verulegum maeli.

Olduorka er gridarlega orkurik audlind vid island. Olduorka er hvergi meiri i heiminum en vid
nordanvert Atlantshaf. Hér er hun allsstadar vid landid, en mest vid sudurstrondina. bar sem taekni
er enn ekki tiltaek verdur hér ekki eytt miklum ordum ad olduorku, en amaelisvert er samt ad umfang
orkunnar skuli ekki hafa verid rannsakad og metid vid landid, pannig ad nytingu hennar megi taka inn
i orkustefnu til langs tima.

Sjavarfallaorka er mjog umfangsmikil orkuaudlind vid islandsstrendur, eins og fjallad var um hér ad
framan. Heildarumfang hennar er liklega tiféld su orka sem virkjanleg telst af vatnsfollum og jardhita
samanlagt, og liklegt er ad virkjanleg orka sjavarfalla verdi ekki minni ad umfangi en paer hefdbundnu
orkulindir pegar virkjanataeknin prdast 4 naestu arum og hagkvaemni hennar eykst med
fioldaframleidslu og vegna peirra radstafana sem heimsriki purfa ad gripa til vegna orkuskipta i ljosi
hamfarahlynunar jardar.

Eins og hér hefur verid rakid er vida um heim leitad leida til ad na tékum a hinni stéru og
endurnyjanlegu orkulind sem sjavarfallastraumar eru. Ahersla heimsrikja 4 ad finna taeknilausnir
hefur stéraukist i seinni tid. Aherslan mun aukast enn frekar eftir nyjustu skyrslu loftslagsrads Sb um
neydarradstafanir sem parf ad gripa til, ef markmid Parisarsattmalans eiga ad nast.

Allt islenska stjornkerfid i orkumalum; jafnt stofnanir sem raduneyti og Alpingi; jafnvel fjdolmidlar
og menntakerfi, er métad af peim , rétttrinadi“ sem einhlida orkuvinnsla hefur skapad og peim
linnulausa arédri sem rekinn hefur verid fyrir verkefnum staerstu orkufyrirtaekjanna. Baedi opinber
stefnumadtun og lagasetning ber merki um pessa einsyni, sem i morgum tilfellum maetti nefna
prongsyni i orkumalum. beir sem dirfst hafa ad setja fram efasemdir eda ny vidhorf i orkumalum
hafa matt seeta snidgdngu og fordémum ad halfu stjérnvalda. pau vidhorf hafa m.a. bitnad illilega a
verkefnum Valorku, og voru deemi um pau nefnd hér framar. Steersta islenska orkufyrirtaekid;
Landsvirkjun, er i eigu pjédarinnar ad nafninu til. Pjodin hefur pé enga moguleika til stjérnunar a
malefnum fyrirteekisins; einkum eftir ad pad var gert sjalfstaett hlutafélag i opinberri eigu.
Landsvirkjun er sjalfstaed stjornunareining sem fer sinu fram, og kjornir fulltrdar pjédarinnar eru likt
og pjonar i pagu fyrirtaekisins. Fyrirtaekid skapar gridarmikinn grdda i skjoli einokunaradstddu sinnar.
Edlilegt veeri, i 1jési pess ad hér er um fyrirtaeki i pjédareign ad reeda, ad hluta pess ards veeri varid til
ad stydja framfaramal i pjdédarpagu; t.d. préun nyrra orkukosta @ vegum annarra adila. Slikri beidni
Valorku var pé algerlega synjad ad halfu Landsvirkjunar. begar leitad var til stjérnvalda svérudu pau
med pvi ad leggja nidur studningsurraedi Orkusjdds og skrufa fyrir styrkveitingar Teekniprounarsjods,
sem Valorka hafdi 4dur notid. Daemi um langvarandi ahrif storra orkufyrirtaekja a islenskt stjornkerfi
endurspeglast m.a. i vidhorfum atvinnuvega- og nyskdépunarraduneytisins, eins og pau t.d. birtast i
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nylegum drégum ad svari vid skyrslubeidni Alpingis um sjdvarorku og fleiri orku6flunarkosti. Svar
raduneytisins er i engu samraemi vid paer nidurstodur alpjédastofnana og sérfraedinga sem vitnad er i
hér ad framan; heldur miklu fremur métadé af hagsmunum hefdbundinnar orkunytingar hérlendis.

Su kredda er lifseig i islensku stjérnkerfi jafnt og hja almenningi, ad hérlendis purfi ekki ad huga ad
606rum orkukostum en vatnsafli og jardhita; pratt fyrir ad synt hafi verid fram 8 pad m.a. med
rammadaetlunum og pralatum deilum ad peir virkjanakostir verda = sjaldgeefari og draunhaefari i ljosi
breyttra umhverfisvidhorfa.

Med adild sinni ad Parisarsattmdalanum skuldbinda islensk stjérnvoéld sig til pess m.a. ad stydja
taeknipréun sem studlar ad markmidum sattmalans, sem einkum IGta ad minni losun
grédurhusalofttegunda & hnattraena visu. [slensk stjérnvéld geta pvi ekki synt pann heiméttahatt
sem pau nu gera; ad einblina @ samdratt i losun hérlendis. Pau verda ad stydja vid nyja orkutaekni;
jafnvel p6 hin komi islandi ekki strax ad sama gagni og 68rum rikjum. Skyrt er kvedid 4 um petta i
10.gr Parisarsattmalans sem er skuldbindandi fyrir island, par sem segir:

1. Adilar eiga sameiginlega langtimasyn um mikilvaegi pess ad nyta til fullnustu
teekniproun og -yfirfaerslu i pvi skyni ad auka vidndm gegn loftslagsbreytingum og
draga ur losun grédurhusalofttegunda.

2. Adilar, sem gera sér grein fyrir mikilvaegi taekni fyrir framkvaemd adgerda til ad
draga ur losun og til adlégunar samkvaemt Parisarsamningnum og vidurkenna
nuverandi vidleitni til ad nyta taekni og dreifa henni, skulu styrkja
samvinnuadgerdir um teekniproun og -yfirfeerslu.

bvi eru pad skyr brot & pessum skuldbindingum islands ad stjérnvéld skuli nd hafa gert Orkusjoédi
Okleyft, med lagasetningu 2014, ad styrkja préun nyrrar orkuteekni. Pad eru einnig brot a pessum
skuldbindingum ad Valorku skuli hafa verid synjad um aframhaldandi studning Teeknipréunarsjéds
vorid 2018 an nokkurs rokstudnings, en pa kom i ljés ad sjodurinn tekur ekki neitt tillit til
Parisarsamningsins vid sinar styrkveitingar. Adurnefnd vidhorf raduneytis nyskdpunar og orkumdla
eru einnig brot 4 dkvaedum sattmalans; svo og synjun Landsvirkjunar um adstod. | dllum pessum
efnum purfa stjérnvold ad baeta strax ar.

Taekifaeri Islands & svidi sjavarorku eru einkum af tvennum toga.

1. Nytingarmoguleikar a hinum miklu orkulindum sjavar. bé vatnsafl og jardhiti naegi til ad
uppfylla orkuparfir pjédarinnar naestu aratugina pa er ordid fullljést ad peir orkukostir ganga
60um til purrdar jafnframt pvi sem eftirspurn eykst fyrir orku. Naudsynlegt er ad hefja
tafarlaust markvissar rannséknir 8 umfangi og nytingarmoguleikum sjavarorku; kortleggja
nytingarsvaedi og méta nytingarstefnu. Einkum er petta brynt vardandi sjavarfallaorku, par
sem taekni til nytingar hennar er mun naertaekari en taekni til 6lduvirkjunar. Drattur &
rannsoknum og stefnumaétun vardandi sjavarfallanytingu getur ekki talist annad en svik vid
komandi kynslédir.

2. Verdmeaetasképun med taekniframleidslu og leidandi stada a nyju taeknisvidi. Hverfill
Valorku er nuina naer pvi en nokkur annar hverfill sem vitad er um, ad verda nothzef taekni til
hagkvaemrar nytingar tiltélulega haegra sjavarfallastrauma sem algengir eru t.d. i
annnesjarostum hér vid land og vida um heim. Eftir pvi sem best er vitad er enginn annar
hverfill kominn & stig sjéprofana med haefni til ad nyta straumhrada a bilinu 0,5 til 1,5 m/sek,
sem er sa hradi sem hverflar Valorku munu geta nytt. Enginn annar hverfill hefur nad vidlika
einfaldleika ad allri gerd, samfara mikilli stzerd og par med getu til orkusdéfnunar. Tveir paettir
gera pessa stodu ad verulega verdmaetu og eftirsdknarverdu taekifaeri: Annarsvegar su
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pressa sem alpjédasamfélagid er nu undir; ad finna tafarlaust nyja orku6flunarkosti sem leyst
geti mengandi jardefnaeldsneyti af hdlmi. Hinsvegar hin gridarlega viéfedmu orkusvaedi sem
opnast sem raunhaefur virkjunarkostur med tilkomu hverfilsins. Su orka er komin fra tungli
en ekki sélu, og hana ma nyta dn nokkurra pekktra umhverfisahrifa. Su stadreynd er mjog
pydingarmikil i [jési breyttra vidhorfa i orku- og umhverfismalum. Hérlendis hefur ekki vaxid
upp veruleg idnadarframleidsla eins og i 68rum velmegandi rikjum. Framleidsla hverfilsins
eda hluta hans hérlendis geeti ordid pydingarmikid og verdugt framlag til uppbyggingar
peirrar stodar pjédartekna.

Hverfill Valorku er ad 6llum likindum su taekni sem best hentar sem framlag islands til fullnustu pess
adurnefnda dkvaedis Parisarsattmalans sem kvedur & um taekniyfirfaerslu. [ pvi ljési er fraleitt ad
islensk stjornvold hafi nd stodvad pad, a peim timapunkti sem pad er ad hefja sjopréfanir og par med
fullnadarsénnun og kynningu a virkni sinni. Stjérnvold eru af pvi tilefni minnt & skyldur sinar
samkvamt Parisarsattmalanum og pa hagsmuni pjédarinnar sem paim ber skylda til ad virda.

Kafli 8. Samandregnar nidurstodur

[ pessu yfirliti hafa verid dregnar saman nokkrar nidurstédur helstu alpjédastofnana & svidi orkumala,
asamt greinum virtra sérfraedinga, i pvi skyni ad fa sem sannast yfirlit um stédu sjavarorkunytingar;
fysileika hennar og mogulega framtid. Pessari grein orkuvinnslu hefur litill gaumur veid gefinn
hérlendis, pratt fyrir ad mikil sjdvarorka sé tiltaek vid island; stjérnvéld séu skuldbundin til ad stydja
vid teeknipréun og vel hafi gengid hja eina préunaradilanum hérlendis. Engu ad sidur hefur hér verid
reynt ad ryna i fysileika sjavarfallanytingar utfra tiltaekum gognum. bess hefur verid gaett ad lata
texta hinna erlendu heimilda halda sér, til ad hver sem er geti dregid sinar heildarnidurstodur.
islenski textinn er hid eina sem ritad er til ad lysa verkefnum og hagsmunum Valorku ehf.

Hér verdur litid a samandregnar nidurstodur kaflanna hér 4 undan. bessi samandrattur er p6 4 engan
hatt teemandi, enda eru frumtextar i sjalfum kéflunum hin eina rétta Gtlegging a efni peirra.

Umfang sjavarorku heims og flokkun nytingaradferda (kafli 1)

AJ mati IEA-OES geeti sjavarorka heims fullnaegt ndverandi raforkunotkun heimsins, 20.000 TWst,
veeri han nytt. Telur stofnunin ad raforkuframleidsla ur sjadvarorku gaeti ordid 748 GW 4rid 2050 og
skapad 160.000 bein storf um arid 2030. MRC metur umfang sjavarorku heims mun meira, eda
100.000 TWst, sem myndi naegja meira en 8 milljén heimilum og meiri en orkup6rf heimsins. ESB
telur ad sjavarorka vid strendur Evréopu geeti maett 10% af orkuporf par fyrir arid 2050.

Nokkrar megingerdir sjavarfallahverfla eru i préun. Skrufuhverflar eru komnir lengst; nokkrir slikir
hafa verid i tilreynakeyrslu med raforkuframleidslu i nokkur ar. beir eru pungir, dyrir, hafa nokkur
umhverfisahrif og henta einungis i mesta straumnum.

Gegnumstreymishverflar eru hentugri en skrdfuhverflar til notkunar 4 litlu dypi, t.d. i annnesjaréstum
(sja t.d. ,Current tidal power technologies” o.fl.). Hverfill Valorku er skyldur
gegnumstreymishverflum. Hann er léttur, 6dyr, an nokkurra pekktra umhvefisahrifa og hannadur
sérstaklega til notkunar i algengum réstum.

Mat 4 umfangi og nytingarmoguleikum sjavarorku hefur jafnan midast vid pa fau skrufuhverfla sem
komnir eru lengst i préun og hafa verid i tilraunakeyrslu i nokkur ar. Hinsvegar hafa peir ekki getu til
ad nyta nema um 1% nytanlegrar sjavarorku vid strendur heimsrikja. Hverflar sem hafa getu til
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nytingar laegri straumhrada munu margfalda pad nytingarhlutfall sjdvarorkuaudlinda sem hingad til
hefur verid midad vid. | freediritgerd hér ad framan (bls 9) er lyst véndudum rannséknum i pessu efni,
par sem nidurstadan er su ad ,,3. kynsléd sjavarfallahverfla“ muni sjofalda nytanlega orku midad vid
ba , 1. kynslod“ sem eru skrafuhverflar. Hverfill Valorku er af pessari pridju kynsléd, par sem hann
hver getu til orkuvinnslu ar sjavarféllum um og undir 1,5 m/sek ad straumhrada. Su stadreynd aetti
ad verda stjérnvoldum, styrktaradilum og 6drum dminning um mikilveegi pessarar islenku teekni.

Stada verkefna til nytingar sjavarfallaorku (kafli 2)

Helstu nytingaradferdir sjdvarorku eru: sjavarfallavirkjun; 6lduvirkjun; hitastigulsvirkjun og
seltumunarvirkjun. Adferdir til nytingar sjavarfalla ma sidan flokka eftir teekni i stifluvirkjanir;
skrafuhverfla; gegnumstreymishverfla (pb.m.t. pverstéduhverfil Valorku); og veengvirkjanir.

Virkjud sjavarfallaorka i lok arsins 2017 var 529 MW, par af um 90% med stifluvirkjunum. Adrir
sjavarfallahverflar framleiddu um 17 MW i tilraunaskyni, en skrufuhverflar eru 76% peirra sem nu eru
i préun. Mikil og siaukin dhersla er 4 ad na tokum a nytingu hinnar hreinu, endurnyjanlegu og
fyrirsjdanlegu sjavarfallaorku, og rikir aukin bjartsyni & drangur. Miklar framfarir hafa ordié med
préun bunadar fyrir sjdvarfallavirkjanir. T.d. vardandi botnfestingar, rafala og adferdir til
orkujéfnunar og geymslu.

Talid er i skyrslu Ren21 ad heildarupphaed sem varid hefur verid til préunar sjdvarorkutaekni fra arinu
2016 nemi um 200 milljonum USD. A sama tima hafa minnkad verulega fjarveitingar til préunar &
svidi vatnsafls og jardhita.

Hagkvaemni nytingar sjavarfallaorku (kafli 3)

[ skyrslunni er sjdnum beint ad orkuverdi fra sjavarfallahverflum; 68rum en stifluvirkjunum. Mjog
erfitt er ad spa fyrir um verd & sjavarfallaorku af nokkru viti. Astaedan er einkum su ad taekni til
nytingar sjavarfallaorku er enn 6ll 4 byrjunarstigi. Raforka er eingdngu framleidd med frumgerdum i
tilraunaskyni og engin fjoldaframleidsla hafin. Nanast engin framleidsla er hafin fra 6drum gerdum
en skrufuhverflum, sem eru mun dyrari og allt annarrar gerdar en t.d. hverfill Valorku. Engu ad sidur
hafa nokkrir virtir adilar reynt ad ryna i hugsanlegt verdlag ut fra pessum fataeklegu forsendum, en
nidurstodur peirra eru ad vonum mjég misvisandi.

Alpjoda orkuradid (WEC) er ad vanda svartsynt a 6hefdbundna orku6flun og telur orkuverdid verda
um 440 S/MWst (51.040 kr/MWst m.v. gengi 11.10.2018). Alpjoda orkumalastofnunin IEA telur ad
byrjunarverd geeti ordid 4 peim nétum, en strax eftir ad 10 GW framleidslugetu er ndé muni pad
laekka i um 100 €/MWst (13.400 kr/MWst), og verda sambaerilegt vid orkuverd vindorkuvera.
Rannsdknamidstdd Evropusambandsins (ESB-JRC) telur ad i byrjun verdi verdid 0,62 €/kWst (83.000
kr/MWst); arid 2025 verdi pad komid nidur i 0,15 €/kWst (20.000 kr/MWst) og arid 2030 verdi pad
0,1 € kWst (13.000 kr/MWst). Freedimenn nokkurra haskdla reyndu ad meta verdid og komust ad
peirri nidurstodu ad verd fra sjavarfallavirkjunum muni i fyrstu verda um 190 €/MWst (25.460); fra
olduvirkjunum um 225 € MWst (30.150 kr/MWst) og fra vindorkuverum 165 €/MWst (22.110
kr/MWst). Samradshépur um sjavarfallavirkjanir i Kanada (MRC) telur ad orkuverd
sjavarfallavirkjana, eftir fyrstu 100 MW virkjud, muni verda 150 £/MWst (23.100 kr/MWst; eftir
virkjun 200 MW verdi pad 130 £/MWst (20.020 kr/MWst) og eftir 1 GW virkjun verdi pad komid nidur
90 £/MWst (13.860 kr/MWst). Bjartsynustu spana er ad finna a vefsidu Tidal Sails, sem proar taekni
sem kemst naest hverfli Valorku, pé liklega sé taekni Valorku enn hagkveemari. TS telur ad eftir ad
fioldaframleidslu er ndd muni fyrirtaekid geta selt orku fyrir 0,05 €/kWst (6.700 kr/MWst).
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Eins og veenta ma eru pessar nidurstodur ekki allar sammala. Vondudustu spdrnar eru liklega paer
sem IEA hefur 13tid fra sér, enda byggja paer 4 skodun margra patta og varfaernu mati. baer
nidurstodur eru i samraemi vid mat ESB og Kanadamanna, og segja ad eftir ad framleidsla er hafin ad
einhverju marki muni verd orku fra sjavarfallavirkjunum verda sem svarar 13.400 kr/MWst. bad verdi
ba vel samkeppnisheeft vid t.d. orkuverd frad vindorkuverum. IEA telur ad smeerri sjavarfallavirkjanir
muni verda hagkvaemari en paer steerri, og faer pad alit studning i fleiri rannséknanidurstédum.

Vardandi samkeppnihafni parf ad hafa i huga ad orkuverd mun ad éhjakveemilega hakka verulega
fra peim hefdbundnu orkuverum sem valda umhverfisspjéllum eda loftmengun. | peim efnum naegir
ad benda a vaxandi medvitund almennings um nattdruvernd og svartsynar skyrslur loftslagsrads Sb.

Gagnrynendum sjavarfallavirkjunar verdur tidraett um framleidslustédvun a fallaskiptum. Hana
verdur audvelt ad brda med ymsum pekktum leidum. IEA telur ad nyting sjavarfallahverfla verdi um
42%, en eigi ad sidur muni peir skila pvi samkeppnisfaera verdi sem adur segir pegar framleidsla hefst.

Umbhverfisahrif sjavarfallaorkuvera (kafli 4).

Vitnad er i skyrslur, baedi alpjédastofnana og freedimanna. bar 4 medal er dhugaverd LCA-greining a
Kobold-hverflinum. Hun leidir i ljés ad umhverfisahrif eru hverfandi litil, og nanast engin i
samanburdi vid t.d. orkuframleidslu med jardefnaeldsneyti. Mest eru ahrifin af smidum og
framleidslu, en einnig nokkur af botnfestingum Ur steinsteypu. Jafnvaegi i notkun og framleidslu orku
naest mjog fljott i starfreekslu hverfilsins. Pess ma geta ad hverfill Valorku verdur an nokkurra pessara
neikvaedu patta; t.d. steinsteypu.

Vitnad er til itarlegra rannsékna a ahrifum sjavarfallahverfla a setflutninga 4 hafsbotni, en nidurstada
peirra er ad hverflar sem ekki sitja @ botninum hafa hverfandi ahrif 8 setflutninga i samanburdi vid
natturulegar breytingar. Sama er ad segja um ahrif 4 lifriki: Baedi skyrslur Ren21 og IEA eru sammala
um ad sjavarfallahverflar hafi hverfandi ahrif a lifrikid. Allar eru pessar nidurstodur pd med fyrirvara
vardandi pad ad frekari rannsdkna sé porf ef fjoldi hverfla verdur mjog mikill 4 sama svaedi.

Helstu umhverfisahrif hverfla sem Valorka hefur bent a i sinum skyrslum varda hugsanlega porf 4
samraemingu virkjunarsvaeda og veidisvaeda. Oliklegt er p6 ad peir hagsmunir skarist vida.

Stefnumotun vardandi sjavarorkunytingu (kafli 5)

Nyting sjavarorku er an nokkurs vafa veenlegur valkostur i peim orkuskiptum sem o6ll heimsriki purfa
ad standa sameiginlega ad, ef takast 4 ad nd vidunandi arangri i loftslagsmalum samkvaemt m.a.
skuldbindingum heimsrikja i Parisarsattmalanum. Einnig parf ad huga sérstaklega ad kostum
sjavarfallavirkjana fyrir eyjar og 6nnur afskekkt samfélog. Stjérnvold purfa ad leggja stdraukna
aherslu & alla stefnumoétun vardandi sjavarorkunytingu og sjdvarorkutaekni. Tryggja parf med
stefnumaotun ad studningsumhverfi og sjédir studli ad rannsdknum og prdoun a pessu svidi, asamt pvi
ad tryggja faglega stjornsyslu i skipulags- og leyfamalum er varda sjavarorkunytingu. Studningur vid
préun og rannsoéknir parf ad vera markviss og samfelldur, en reynsla Valorku hefur leitt i ljos verulega
annmarka a pvi. Nidurstada Ren21 er st ad ,,naudsyn sé a umbyltingu 4 orkukerfum heimsins.
Orkuoflun sem hingad til hefur byggst 4 jardefnaeldsneyti verdur hédan i frd ad byggja 4
endurnyjanlegri orku®.

island er eftirbatur annarra heimsrikja vardandi stefnumaétun & svidi sjavarorku. Sja md af samantekt
IEA-OES sem vitnad er til i kaflanum ad 26 heimsriki hafa 4 einhvern hatt métad sér stefnu sem
studlar ad framgangi og nytingu sjavarorkutaekni. Hérlendis rikir enn fullkomid sinnuleysi i pessum
efnum; pratt fyrir ad Island teljist i hdpi velmegunarrikja; pratt fyrir skuldbindingar slendinga {
Parisarsattmalanum; pratt fyrir ad vid island séu firnamiklar audlindir sjavarfallaorku og pratt fyrir ad
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hérlendis sé teeknipréoun komin lengst vardandi nytingu algengra hagstrauma annnesjarasta. Vegna
stefnuleysis islenskra stjornvalda hefur pad frumkvaedi enn a ny verid sett i haettu.

Nytingarmoguleikar sjavarorku vid island (kafli 6)

Engar rannséknir hafa verid gerdar 4 umfangi eda nytingarméguleikum sjavarorku vid island, og
engar visindalegar straumamaelingar liggja fyrir i annnesjaréstum sem unnt vaeri ad byggja slikar
rannsoknir a. Vilji Alpingis i pessa att kom pd skyrt i ljés vid sampykkt pingsdlyktunar i pessum efnum
arid 2014, en tillaga pess efnis kom fram i kjolfar skyrslu Valorku til Alpingis arid 2011. Nefnd sem
radherra skipadi i framhaldi af pingsalyktuninni skiladi nidurst6dum sem um margt eru 3 skjon vid
fyrirliggjandi heimildir. bar eru pd lagdar til rannsdknir a sjavarfallaorku, en stjornvold hafa enga
tilburdi enn synt i att til framkveemda.

Umfang sjavarfallaorku hefur nokkud verid rannsakad i grannrikjum okkar; irlandi, Bretlandi, Noregi
og Kanada. Séu paer nidurstddur yfirfeerdar & island med einfoldum hlutfallareikningi eftir flatarmali
landannna ma zetla ad heildarorka sjavarfallaorku vid island sé um 337 TWst/a. Einungis hluti pess er
virkjanlegur, en nytingarhlutfallid er had taekninni sem tiltaek er hverju sinni. Ekki er pé 6raunhaeft ad
tla ad hér vid land séu nytanlegar yfir 30 TWst/a af sjavarfallaorku, en pad jafngildir nokkurnvegin
pvi sem talid er hamark samanlegs virkjads afls vatnsafls og jar6hita. Naudsynlegt er ad hafa i huga
ad sjavarfallaorka er ekki dgeng vid umhverfi, likt og vatnsafls- og gufuaflsvirkjanir.

Helstu straumasvaedi landsins eru prju; Breidafjordur; Vestfirdir og Austfirdir, en vida eru stakar rastir
vid annes 4 6drum svaedum. Einungis sumsstadar i Breidafirdi veeri hugsanlegt ad nyta skrafuhverfla
sem nu eru komnir lengst i préun, og purfa yfir 2,5 m/sek straumhrada. Latrarost er 6flugasta
annnesjardstin, en par fer straumhradi yfir 2,5 m/sek. Yfirleitt er pé straumur mun haegari i
annnesjarostum, pd par geti verid mikid orkumagn. Til ad nyta pa dreifdu orku parf stéran hverfil en
um leid édyran i stofn- og rekstrarkostnadi. Hverfill Valorku stendur nd naest pvi af 6llum hverflum
sem komnir eru a stig sjépréfana, ad uppfylla pessi skilyrdi. Honum er eetlad ad vinna orku ar 0,5 til 2
m/sek straumhrada; vera 6dyr; umhverfisvaenn og audveldur i medférum. Valorka hefur bent 4 ad
med virkjun rasta kringum landié or tengingu peirra vid orkukerfid megi fa nokkra samfellu i
orkuframleidslu peirra, pratt fyrir fallaskipti. Einnig hefur Valorka bent a kosti pess ad nyta
sjavarfallaorku fyrst og fremst til hushitunar, en su framleidsla er tiltdlulega 6dyr og kallar ekki a
jofnunardrraedi vegna fallaskipta. Valorka er nanast eini préunaradili sjdvarfallahverfla hérlendis, en
b6 er vitad af tveimur frumkvédlum 68rum sem eru mun skemmra komnir og hafa notid leidsagnar
Valorku.

Vidhorf og stefnumétun islenskra stjornvalda (kafli 7)

Vidhorf islenskra stjérnvalda i orkumalum eru métud af langvarandi pjénustu vid orkufyrirtaeki sem
starfa a svidi vatnsfalla- og jar6hitaorku. Vidhorf stjdrnvalda gagnvart sjavarorkunytingu hafa 6l
litast af pessum hagsmunum, og liklega er pad héfudastaedan fyrir pvi andvaraleysi andud a nytingu
sjavarorku sem m.a. hefur komid nidur & verkefnum Valorku ehf i peim maeli ad jafnvel mzetti nefna
andud. islensk stjérnvéld eru skuldbunin til pess, samkvaemt Parisarsattmalanum, ad stydja préun
sem studlar ad markmidum sattmalans; likt og verkefni Valorku gerir an nokkurs vafa. bau hafa
hinsvegar stadid ad ymsum radstéofunum sem hindrad hafa verkefnid. Ma par nefna lagabreytingu &
Orkusjédi arid 2014, sem vard til pess ad sjédurinn telur sér ekki heimilt ad stydja préun nyrrar
orkutaekni. ba hefur Teeknipréunarsjédur itrekad synjad verkefninu um styrki, sem er bein afleiding
af stefnuleysti stjérnvalda vardandi préun nyrrar orkutaekni. | pridja lagi hafa stjérnvéld 14tid undir
hofud leggjast ad hefja rannsdknir & umfangi og nytingarmaoguleikum sjavarorkuteekni, pratt fyrir
bryna porf sem Valorka hefur margsinnis bent a.
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Naudsynlegt er ad islensk stjérnvold atti sig a skuldbindingum sinum samkvaemt Parisarsattmalanum
vardandi proun nyrrar orkutaekni; atti sig @8 naudsyn pess ad undirblda nytingu nyrra orkuaudlinda
pjédarinnar i pagu komandi kynsléda og atti sig & peim taekifeerum sem nu eru i bodi med verkefnum
Valorku a8ur en pad er um seinan.

Ad lokum:
Faeinar tilvisanir sem vitna um bjartsyni i skyrslum alpjédastofnana vardandi sjavarorkunytingu:

Ren21:,0CEAN ENERGY INDUSTRY: Optimism prevailed in the industry in 2017, particularly in
Europe, where some technologies advanced enough to be on the brink of commercialisation®.

World Energy Council: , The conversion of ocean energy resources to electricity could play an
important role in meeting rising global energy demand, mitigating climate change, diversifying our
energy supply and bolstering economic activity”.

IEA-OES: , The small scale technologies claim to offer lower capital costs per kW installed. .... The
future cost reduction trend for large scale technologies is significantly greater

than that of the small technologies”....

,The data provided for his project suggests that the smaller scale technologies could offer a lower
LCOE in the short term, with greater opportunity to achieve cost reduction targets through up-scaling
of technology. Larger scale technology will reach cost competitiveness with the smaller scale
technologies only after considerable deployment has taken place.”

,Countries are faced with the challenge of achieving energy security, environmental protection and
economic competitiveness. Ocean energy could contribute to these objectives in the medium to long
term; provided that policies, which establish support mechanisms to stimulate market deployment
and intensify R&D funding are implemented by their governments. Activities in these areas are
growing, across the world“.

ESB: Ocean energy roadmap: Tidal stream technology is at a stage along its development path
which requires full-scale demonstration projects supported by the right policy and economic
conditions. It is expected that the demonstration farms phase will be underway by 2020, by which
time around 100MW of capacity could be deployed in Europe alone.

Resource assessment for future generations of tidal-stream energy arrays: ,Furthermore, developing
technology to harvest peak spring tide velocity flows (SV) above 1.5 m/s, and all water depths, would
allow (with the correct strategy) constant electricity (base load) to be generated due to the greater
diversity of tidal phasing between sites”. Hér er att vid 3.kynsléd sjavarfallahverfla, en par er hverfill
Valorku kominn lengst allra i préun.
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