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project. The aim of this task is to condwan economic feasibility and codtenefit analysis, to assess

the technologies and funding frameworks to support attra@ibusiness cases for both public and

private funders. The task focuses on an investigation of the public funding to reduce theo€ostsan

AT AOcu OOET ¢ AT OE OAAETTITCU DOOE AT A |1 AOEAO b
increasethe supply d innovationpredominantly through research, development, and demonstration
AAOEuld O®i,6rhg Btefhandincrease derand for innovation often through subsidy for

deployment The balance between these types of funding policiegxplored together with the

overall balance of costs and benefits.

Ocean energy remains a nascent energy industry, with tidal stream technabgyprecommercial
stageand wave technology at demonstration level. These technologies require further reseauth
development effort and significant cost reductions to partake in the highly competitive markets for
grid power. Consistent cost reductionsith increasing deployment have been seen in other
renewable energy technologies, such as wind turbines and @blatovoltaics, and it is expected that

a similar trend will be seen in future for ocean energy. Therefotean energy has the opportunity
to play a crucial role in the transition to neero, especially with the predictable nature of the tides
and compementary generation profiles of wave to wind and solar.

This required reduction in the costs of ocean energy technologies could occur throwggme
combination oftwo mechanisms

} Incremental reductions in the Levelised Cost of EnergyLCOE) facilitated bysubsidised

deployment of technology, and
} Step-change cost reductiongresulting from directednnovation programmes.

I OAT CA-ElEgade§ddluéed to illustrate the costs of different policy mixes within a range
of input assumptionsTheseconsiderincluding or not:

} PoliciestoincreastheET AOAT AT OAT AT 0O OAAOAOQEIT 1
} Innovation programmesthat deliver &25%step-changereductionin LCOE

} Delaying subsidiseddeployment until after the stepchange cost reduction has been
demonstrated.

| AAOT ET C

These scenarios allavethe target of meeting costparity assuming an averageuropeanwholesale
market prieof 50Q ¥ - 7TBEe inputs come from published literaturease studies afther renewable
energy technology development, and experience of the industrial partners within the DTOceanPlus
consortium.

The benefits of ocean energy are assessed both in mondtarys using Gross Value Added (GVA)
plus a review of other wider socenvironmental benefits. These are compared with the costs to
society of developing ocean energy, ustwuntrycasestudies of the commercialisation of four other
energy sectors to adccontext. The case studies illustrate thwalance of policy mechanisms e
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historically inthe development obther energy sectorsiamely German solar PV, Japanese solar PV,
German onshore wind, and Danish wind (onshore & offshore)

The costs and benefitsalculated in this study are not the direct costs associated with dgplent of
devices nor benefits in terms of market revenues. Instead, they consider the kighel costs and
benefits to societythe economyas a whole. These are used to illustratéedent balances of policy
mechanisms available globally to reduce LC@Ee ocean energy sector.

This workhighlights the need for a mix of policies to drive down the LCOE of ocean energphilst
minimising the overallinvestment needed for wide-scale ceployment of these technologies The
most attractive scenarios considedein the cost modelling included both faster incremental cost
reductions (higher learning rate) and a stepange cost reduction from a structured programme of
innovation in the earlstages. These actions would both be funded through technology push (TP)
type mechanisms They would also significantly reduce the overall investment required on
subsidised deployment(a market pull (MP) mechanisrby tens of billion euro for tidal energynd
many hundreds of billion euro for wave ener@s discussed in sectiémi

Although not necessarilpresenting aroptimal pathwayfor ocean energythe country case studies

of other energy sectors ranged frogpending 23117 times more on MP subsidies than TP policies,
whereas most of the scenarios modelled were lower at between 3 and 51. Interms of the ratios of MP
subsidy to deployment, the case studies were in the rang®102z2. 1Imillion/MW with most of te

cost modelling scenarios aroufi®.8z2.0million/MW, i.e. similar or slightly lower than has been seen

in other sectors.

This work also shows theider benefits to society that can be achieved by ocean energyand how
thesebenefits can outweigh the costs involved For the more attractive scenarios consider
benefits in monetary terms of Gross Value Added outweigh the costanding TP and MP policies

to reach cost paritypy afactorof 2.5z3. It was also seendahGVA results are dependent dime overall
spend invested within the project, a higher project investment will lead to a higher GVA henefit
Additionally, there are a wide range of other social and environmental benefits that ocean energy can
add. For exanple, it was seen that the oceaenergy sectocan potentially create significant social
and economidoenefits for rural and coastaby providing power establishing local supply chain
networks, enabling linkages to global supply chains and markets, elaging local skilled workforce,

and enabling social inclusion.

In all the scenarios discussed in this repoine open-source design tools being developed in the
DTOceanPlus project can contribute to the development of the ocean energy sectpfacilitating
bothincremental and stegcharge cost reductions. The Structured Innovation and Stage Gate tools
canassist withstep-change cost reductionas part of structured, stageidnovation programms. The
Deployment and Assessment toolsan then be used to desigoptimised arrays facilitating
incremental cost reductions through wide scale deployment of ocean energy technologies to
generate renewable electricity
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AD Assessment Design

AEP AnnualEnergy Production
CAPEX Capital Expediture

CDC Cumulative Deployed Capacity

CF Capacity Factor

CfD Contract for Differences

CORDIS Community Research and Development Information Service
DD Deployment Design

DR Discount Rate

DSD Sustainable Development Scenario
EC EnergyCapture

ED Energy Delivery

ET Energy Transformation

FiT Feed in Tariffs

FiP Feed in Premiums

FMEA Failure Modes and Effects Analysis
GDP Gross Domestic Product

GHG Greenhouse Gas
GVA Gross Valué&dded

IEA International Energy Agency

IEC International Electretechnical Commission
10 Input-Output

IxI Industry by Industry

KPI Key Performance Indicator

LCOE Levelised Cost of Energy
LMO Logistics and Marine Operations

LR Learning Rate

MC Machine Characterisation
MP Market Pull

NFFO Non-Fossil Fuel Obligan
OE Ocean Energy

OEE Ocean Energy Europe
OES Ocean Energy Systems
OPEX Operational Expenditure

PV Photo-Voltaic (solar)
QFD Quiality Function Deployment
R&D Research an®evelopment

RAMS Reliability Availability Maintainability Survivability
RD&D Research, Development, and Deployment
ROC Renewable Obligation Certificates

SG Stage Gate

Sl Structured Innovation

SIC Standard Industrial Classification
SK StationKeeping

SLC System Lifetime Costs

SPEY System Performance and Energy Yield
STEPS Stated Policies Scenario
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TP Technology Push
TRIZ Theory of Inventive Problem Solving
TRL Technology Readiness Level

WACC  Weighted Average Cost Capital
WEO World Energy Outlook

WES Wave Energy Scotland

WMP Wholesale Market Price
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Levelised Costof Energy Levelised Cost of Energy represents the ratio of¢apitalandoperational

(LCOE)

Learning investment
Learning rate (LR)
TRL

Capital expenditures
(CAPEX)

Operational
expenditures (CPEX)
Annual Energy
Production (AEP)
Capacity

Generation
Capacity Factor (CF)

Technology-Push (TP)

funding

Market-Pull (MP) funding

Gross Value Added (GVA

DTOceanPlus Deliverahl&rant Agreement N@85921

expendituresncurred over the lifetime of project in relation to the annual
energy produced over the operational life. Commonly used to para
energy generating technologies.

The total amount of subsidy required to achieve the cost reductions require
meet the targetL COE

Reduction in technology unit cosfsften in terms of LCOEssociated with
each doubling oEumulativeinstalled capacity

The 9point Technology Readiness Level scale is widely used to measure
technologydevelopment

CAPEX costs are the investments made in the initial stages (developmen
consenting, production, installation, commission) of a project to buy projec
components, assets, or services

OPEX costs are the regular expenses that incur throughout the project cy
running and maintaining the project

AEP is the total amount of energy produced by a turbine over a. year

Used to denote the amunt of ocean energy deployed. Could be annual
deployment or cumulative deployment.

The amount of electricitgenerated by a projectin a year

CF isthe total amount of energy produced by a project during a period,
divided by the amount of energy produced at full capacity

The investments made during the eadiages of a technology that would
push it towards commercialisatige.g.Government grants, RD&D etc.
Theincentives provided to a technology, post commercialisation that woul
help establishing a stable market aroungdtg.subsidies, tax credits etc.
Gross Value Added is a popular economic metric and is usually defined a:
difference between outpufsales) and intermediate consumptigpurchases)
for a given sector or firm
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1.) . 42/ $5#4) |
1.1SCOPE OREPORT

Ocean energy remains a nascent energy industry, with tidal stream technology ateopnenercial
stageand wave technology at demonstration level. These technologies require further research and
development (R&D) efforts to partake in the highly cpetitive markets for grid power. The higip-

front costs and the embryonic stage of some ocean energy technosogieke their development a
challenging task. Notwithstanding this, wave and tidal stream technologies have shown significant
performance and rkability improvements lately. Coupled with significant resource potential and
valuable features such as highaegictability than wind and solar, low land requirements, and amore
uniform energy output, wave and tidal stream energy have become attraajigon for the global
energy transition.

There has been a resurgence of interest in these ocean energy tedfiesl@iven the highly
ambitious climaterelated targets set by different governments worldwidehich has reflected in
more R&D funding availdb from public agencies to ocean energy projects. One of these projects is
DTOceanPlus, which seeks to accelertiie growth of the ocean energy sector by developing and
demonstrating advanced design tools for the selection, development, and deploymenteén
energy systems, thereby aiding the understanding and identification of future opportunities.

This report® OEA 1T OOAT I A T £ 4 AGKEAIMBAE QO &AN AG BIACFEICE0O U A 1C
project. The aim of this task is to conduct an economasibility and costbenefit analysisn orderto

assess the technologies and funding framewaorks to support ativacbusiness cases for both public

and private funders. The task focuses on an investigation of the public funding to reduce the costs of
oceanenergy usingoth technology push and market pull funding mechanisrishfpoliciesaim

to increase the supply of innovatiopredominantly through research, developmenand
demonstration actionsOWd BT, brEtAeFo@ hand increase demand foinnovation often

through subsidy for deploymentThesepoliciesare discussedurther in secton 2. In this study the

balance between thesg/pes offunding policies is explorebgether with the overalbalance of costs

and kenefits, as shown schematicallyfigurel. 1.

ma\'ket P‘-!“_
funding policies

technology push

funding policie

grossvalye 3

social & enyj e (GVA) + wider

fonmental benefits

FIGUREL 1: SCHEMATIC REPRESENTATION OF THE BALANCE BETWEEN FUNDING POLICIES
PLUSBALANCE OVERALLCOSTS AND BENEFITS
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The reductionin costsof ocean energy technologiesould occur throughsome canbination of
incremental reductions in Levelised Cost of Energy (Ld@dH)tated bysubsidised deploymerand
step-change cost reductions resulting from directed innovation programmsA 1 CA T-EEAO& EA O
scenarios are used ftlustrate thecosts of different policy mixewithina range ofnput assumptions
Thesescenariosconsider the balancgof subsidisingdeployment through market pull mechanisms,
technology push policies to promotmcreased learningi.€. larger cost reductions with this
deployment) and technology pugbolicies to facilitate stepchange cost reductions.

Both wave ad tidal streamtechnologies are considerdd line with the scope athe DTOceanPlus
project, with the LCOE ofeachsectorestimated fromliterature z asexact valuesare unknown for
these nascent technologiedt should be stressed that this not theLCOE of ay particularproject or
deviceconcept

The wider benefitsto societyfrom ocean energyarethen assessegdboth in monitory termsusing
Gross Value Added (GVplusa review obther wider socieenvironmental benefitghat can bemore
difficult to quantify. Thesebenefits are compared with thecoststo societyof developing ocean
energy, usingcasestudies of the commercialisation déur other sectorsto add context The case
studies illustrate thebalance of policy mechanisms ed historically inthe development ofother
energy sectors, namely German solar PV, Japanese solar PV, German onstthrend Danish wind
(onshore & offshore).

The costs and benefits calculated in this study moéthe direct costs associated with deployment of
devices nor benefits in terms of market revenues. Instead, tt@ysider the highedevel costs and
benefits o society as a whole. These arged to ilustrate different balances of policy mechanisms
availableglobally toreduce LCOE in the ocean energy sector. Other wstich ain the ETIP Ocean
project! has addressed the GVA of ocean enetgyhe European eonomyin more detail whichis
beyond thescope of this task

This work highlights the need for a mix of policiesofatimally drive down the LCOE of ocean energy
It alsoshows the wider benefits to sodiethat canbe achieval by ocean energyand how hese
benefitscanoutweigh the costsnvolved

1.20UTLINE OF REPORT

Thisreport is structures as follows,

} Chapter 1 introduceghe scope of the studyandsummarises the DTOceanPlus tools

} Chapter 2 provides backgroundn funding options, cost reductions inemewable energy
technologies more broadly, sectorial LCOE estimates for wave and tidal, and future deployment
scenarios for these two technologies.

1 European Technology andnovation Platform for Ocean EnerggTIP OCEAN, Attp://Aww.etipocean.eu/

DTOceanPlus Deliverahl&rant Agreement N@85921 Pagel7| 151



http://www.etipocean.eu/

D8.3 DTOcean+

Feasibility and cosbenefit analysis

Chapter 3 introducedour case studiesshowing the balance of policy mechanism&therenergy
sectors,namely German solar PV, Japanese solar Bérman onshore windand Danish wid
(onshore & offshore)

Chapter 4 presents the methodology to estimate the costs of ocean energstarting with an
overview of the methodologyincremental cost reduction through sulidised deployment, and
finally stepchange cost reduction from targeted innovation programmes.

Chapter 5 presents the results of the cost modellingn terms of incremental cost reductio
through subsidised deployment, adding stefmange cost reductions,nal illustratingthe balance
of funding policies.

Chapter 6 covers the benefits of ocean energywith methodology and results ahe GVA
modelling, andanassessment of other socienvironmentalbenefits.

Chapter 7 provides discussion of the resultShe maodellingis comparedo the case studies,
along withdiscussion of the case studiesd lessons that can be lga. Limitations and further
workaresummarised.

Chapter 8summarisesthe benefit of the DTOceanPludool sto the sector, andhow these can
helpachieve both the incremental and steghange cost reductions discussed in the modelling
Chapter9 provides conclusions and perspectivedollowed by references and annex tables.

1.3THE DTOCEANPLUS TOOLS

DTOceanPlus will accelerate the commercialisationtsf ©cean Energy sector by developing and
demonstrating an opersource suite of design tools for the selection, development, deployment, and
assessment of ocean energy systems (idahg subsystems, energy capture devices and arrays).

At a high level, theuite of tools developed in DTOceanPlus will include:

}
}
}

}

Structured Innovation Tool (SI) for concept creation, selection, and design.

Stage Gate Tool (SG)using metrics to measurassess and guide technology development.
Deployment Tools, supporting optinal device and array deployment:

A Site Characterisation (S@): characterise the site, including metocean, geotechnical, and
environmental conditions

Machine Characterisation (M@):characterise the prime mover

Energy Capture (E®).characterise the deige at an array level

Energy Transformation (ET): to design PTO and control solutions

Energy Delivery (ED):design electrical and grid connection solutions

Station Keepin¢SK)to design moorings and foundations solutions

Logistics and Marine OperatoflLMO)to design logistical solutions operation plans related to
the installation, operation, maintenance, and decommissioning operations

Assessment Toolsto evaluate projects in terms of key parameters:

> > > > D

A System Performance and Energy Yield (SREY®valuate projects in terms of energy
performance
A System Lifetime Costs (SLD)evaluate projects from the economic perspective
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A System Reliability, Availabilitijaintainability, Survivability (RAM$): evaluate the reliability
aspects of a marine renewabénergy project
A Environmental and Social Acceptance (E®#dvaluate the environmental and social impacts

of a given wave and tidal energy projects

Underlying common digital models and a global databasé support these toolsas shown
graphically inFigurel.2.

The benefits of DTOceanPlus in assistinghMtommercialisation of the ocean energy sector are
discussed further irsection 8, considering both incrementatost-reduction through subsidised
deployment as well asstep-change cost reductions achieved through structured and staged
innovation programmes.

STAGE-GATE TOOL
Development

Underlying DIGITAL MODELS
& GLOBAL DATABASE

FIGUREL2: REPRESENTATION OF DTOCEANPLUS TOOLS

DTOceanPlus Deliverahl&rant Agreement N@85921 Pagel9|151




D8.3 DTOcean+

Feasibility and cosbenefit analysis

2." 1 #+'652./%

This section coverthe background orseveraltopics pertinent to the assessment of the costs and
benefits of ocean energy. Firstlthere isan overview of funding mechanisms used in renewable
energy split along the technology pusmarket pull dichotany, plus funding sources for ocean energy
technologies. A few key themes for cost reduction assessment are then covered: levelised cost of
energy (LCOE), learning investment, and radical or stBpnge cost reductions. LCOE estimates for
ocean energywaveandtidal) are collated in sectioB.3 with scenarios of future deploymenf these
discussed in sectioa 4.

To meet the longterm climate and sustainability goals under the Paris Agreemdritasbecome
increasinglymoreimportant to decarbonise the economy andansition the world towards netero
carbon emissiond/Vith numerous governments setting targeto reduce their emissions and achieve
net-zero, inclusion of other technologies beyond tlegisting ones have become more pertineNet-
zerotransitioncalls for unprecedentehnovationnot justinadvancing existing technologies, but also
in fosteringnew technologiesWhile the existing renewable energjechnologies in use todagre
fundamertal for achieving climate goalshey are insufficient on their own to bring the wortid net
zero[2]. With the predictable nature of the tides anlde complementary generation profiles of wave
to wind and solar, ocean engygan play a crucial rola this globaleffort. While still at a nascent
stage, ocean energycan bring insignificant cost reductionsind developmentfi supported with
consistent andstrongfunding policy support

While many different models of innovatn exist, the Research, Development, Demonstration and
Deployment (RDD&D) paradig AT | AET E1 C-b OOBRARIAERHBRIOOUSE AAOEOEOE
common thread in energy innovation literatufg]. This could be taken to suggesisimple, oneway

progression from R&D to commercial deploymehtowever,the @novation chaidis a complex

process with feedback loopsnd knowledgespill overd4, 5] As arenewable energy technology

develops, diferent effects driveahe technology progress. In a nascestage, progres is mainly driven

through R&D and knowledge transfer. Ake technology develops, feedback effects through

deployment also becomkey drivers of performance improvement (sEgure2.1)[6].

Market Pull
Supply . . > Demand

« Academia Basic Research : Er?grsglimﬂeercs‘mrs
+ Research centres Research and Demonstration) Deployment Diffusion « Govermnment
« Business Development « Exporis
I,
.,
Technology Push //‘

[ [ I L

A Y

Feedbacks

FIGURR.L4 (% O) ../ 61 4) /. #(!').®ji!$!'04%$ &2/ - )
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2.10VERVIEW ORENEWABLE ENERGY FUNDING MECHANISMS

While pdicy instruments are influential in supporting technology development and commercial
isation, their effects vary depending on the stage of the technology innovation ¢lawwhichthey
are applied Figure2.2 belowshows the diffeent policy instrumentghat can be usedithin an energy

technology innovation process

Funding supporfor the innovation process can be split or classified into many tygeslong various
axesdepending on contextOne of the most ubiquitousind highlevel classification of renewable
energy funding mechanismdeing push and pul[7], is discussed in the sections belpwut in
summary:

} (Technology)pushpoliciesallow innovation to be carried out at lower castd/or time (increases

innovation supply).
}  (Market) pull policies reward the outcomes of successful innovatigimcreases innovation

demand)
Technologypush (TP)s mostly funded through government budgets, whereas market gMIP)is
often funded through energy billsA summary ofundingmechanisms specificallipr ocean energy
technologiesis given in section.8 of DTOceanPlus D8Fotential Markets for Ocean Ener{f].

Sections2.1.1and 2.1.2illustrate some of the broadange of TP and MP funding mechanisms
available althoughthis is in no means an exhaustive li¥he UKis usedas a case studipr many
examples although similar mechanisms will be available in other countries

A Widespread
deployment

Continual
incremental
improvements ¢

& g
“ Niche S
o
% markets K
@ °
c
O [aasasasnssnsssnsnsnssnsnanssnsnsnsnnnasasnnnsnsansasans HR1 aanansnaansasasass Aasssas Massasassass aasaacceseesetriietraeaettstasetraresetesasrananas
g 53 g LI‘FHHH‘.Q aer nstration, kr A ag
2 _ =) SRl R
g Spillovers = 4 )
e % .E Public support: market creatic
First £ ORI it
commercial X b
project @ Private tu

Learning: R&D, knowledge exchange

W\ S A8
o~

\ = Public support: strategically
(learning from Third generation directed R&D
RD&D early projects) (performance improvement

from ongoing R&D) Private actions: angel investors,

corporate R&D

Time

FIGURR2.2: THE ENERGY TECHNOLOGY INNOVATION PROCIEF S
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2.1.1TECHNOLOGY PUSH FUNDING MECHANISMS

As seen ifFigure 2.1, aTP funding mechanisns usedduring the precommercial stage of a project

Mostly funded through governmertiudgets it allows innovation to be carried out at lower cdisté

while facilitating increasingefficiency and learning Thus, 1 is particularly useful in developing new

radiAl OAAETT 11 CEAO AOOEI ¢ A OAAOT 060 1T AOAAT O OO
sponsored R&D, tax credits for companies to invest in R&D, enhancing the capacity for knowledge
exchange, support for ed@ation and training, and funding demonstrationqects etc.[7]. Some of

these are discussed more in detail below:

Government R&D funds/grants

Government support in the form of R&D funds or grants is often needed foritgdgtpre-commercial

projects to find radical new saiwns. The EU provides several direct funds to its member states when

it comes to technological innovatignwhich can be accesd by many innovative technologies

including wave and tidal energyAs seeim Figure2.3below, these over early stage (Horizon Europe),
demonstration stage (Innovation Fund) and commercial stage (Invest EU and CEF). Providing around
‘QlObn of support over 202@030, the Innovatii & OT A EO T 1A T &£ OEA x1 0
programmes for the demonstrationf innovative low carbon technologig8]. The InnoFin Energy

Demo, NER300, Cohesion Fund .edce some other forms of funds provided by the goveemnfor

technological innovation.

For the wave sector, the Wavenergy Scotlan programmeuses a funding mechanism of pre
AT i1 AOAEAT DOi AOOAI AT O AT i1 AETAA xEOE A OOOACA ¢
developersThis approach will also hesed for the upcoming Europe Wave programme

7 ~

\
i INNOVATION FUND E
1 |

__ C> “ C> Demonstration C:> M C(} m
- [ CEF |

~* |nvestEU &

Horizon Europe -

FIGURE2.3: FUNDING FOR RD&D UNDER EU FUNDING MECHANI$MIS
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Universities and Research and Innovation Organisations

Universities andResearch and Innovation Organisatiolnsth play key rolgin driving techmlogical
innovation. As seen in the Japanese solar PV industry from 1940s to the 1990s, public research and
developmentconductedn universities fuelled most basic science breakthroughs. This is accepted as
being a key part of the early formative developmt stage of technology developmeip]. Funding

for academicresearchis often carried outthrough competitive bids for government funding
programmes and independently managed research councils.

Universities are generally sponsible for carrying out a higher proportion of basic research and

further engagethemsehesel OET 1 x1 AACA A@A Bfite @Aid waysArOvihiorE OE A O

knowledge is transferred and feeds into innovatioResearch and Innovation Organisatiqiosithe

other hand, are mostly responsible for supporting industrial innovation, creatimgl maintaining

infrastructure,and developing and implementing public poli¢¥0]. For example, the UResearch
and Innovation (UKRI) brisgtogether different research councils while supporting reseaant

knowledge exchange at higher education institutiojdd}

Competitive grants

The process afompetitive grantsinvolvesawardngfundsbased on a competitiowhere applicants
are required to meetertainchallenges For example, te UK Energy Catalyst prograset up in 2014
isatype of competitive granthat aims to meet energy trilemma, energy accegiisgender equality
and social inclusionFunded by thegovernment, theprogramme suppors businesses to develop
highly innovative, sustainable energy technologies and business mathelscan enablelean energy
transition inSub-Saharan Africa and South/South East Al4ia).

Repayble Advances/Loans

This is a kind of blend between a loan and a grant, wherecthedition for the reimbursement
depends on the outcome of the pregt[13] Along with grants and loansepayable advances make

up thethreefinancial support mechanisms offered under European structural and investment funds
[14]. Under the EU frameworkhese do not have a payback period or aninterest rate.

Taxincentives for R&D

A form of indirect support, these agovernment incentives awarded to companies for investing in
innovative projects. To drive more R&D activity, firms participating in cerfelds of research are
given atax rebate based on the cost of R&D that they carry out.

In the UK, two principalx reliefsareavailable to companies undertakimgsearch and development

R&D Expenditure Credit (RDEC) is a payable tax credit (subjéax) equivalent to 13% of qualifying

R&D costs claimed; R&D tax relief for SMEs is a 286#aiction of qualifyingR&D costs from a

POl £AEOAAT A AT | PI5] I &Fréncey shppdtl iddproBided t&pridate cpamies for
supporting their own R&D costs through tax relief. This support reaches 30% of all declared R&D costs
including uman resources, investments, swlontracting and is recognised as a major incentive for

the private sector to invest in R&MG, 17]
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Support for education and training

This is another indirect form of public funding rignism that aims to increase the skillset within a
country. In the UKa mixture of UK and EU public funfisance the marine renewableenergy-based
centres for doctoral training (CDTs) and PhD. Some examples of training networks in the UK that are
linked to wave energy are Industrial Doctorate Centre in Offshore Renewable Energy (IDCORE),
Centre for Doctoral Training in Win& Marine Energy Systems (WMES) and Centre for Doctoral
Training in Renewable Marine Structures (REMS).

2.1.2MARKETPULL FUNDING MECHANIS

A MP funding mechanisninvolves rewarding the outcome ofa successful innovationwhile

AOOAI POET ¢ O yYhrduphicdmmeértidisatdd OE IOIAIATI E OAO OEA OAAEI]
through deployment, while facilitating incremental cost reduct®rMP mechanisms are often paid

out directly in relation to energy productigriherefore, they incentivise not only competitive
CAPEX/OPEX but also increased device performanceoil Ehe other hand, usually does not have

any requirements for device penfmance and so does not incentivise the same dimensi&osne

common example®f TP fundigp mechanismsare intellectual property protection, tax credits and

rebates for consumers of new technologies, government procurement, technology mandates,
regulatory sandards and taxes on competing technologi§¢g. Some ofhese are discussed more in

detail below:

Renewable energy portfolio standards

There are standards that require electricity supplierptoducea certain percentagefaheir portfolio
from sustainable or renewable energy sources. Examples include thenrRdate Obligation standards
(ROs) of the UK (20Q2017) and USA portfolio standards (2@pbesent). The UK Renewable
Obligation Certificates (ROCs) are issued to susthie energy generators based on the MWh
produced. The electricity suppliers are obligdto gather a certain number of certificates per MWh
OEAO OEAU OOPDPI U j1 OAO A UABOQ 10 EAAA A OAOGU T
Investmentand productionsubsidies

Investment subsidies incentivise installation of new formgserfewable energy either through tax
rebates, grantsor favourable loan terms. They allow adividual autility, or consortia to deduct a
percentage of their investmercosts from their tax liability. Some popular forms include the federal
investment tax credits (ITC) of the USA, the Second Energy Plan grant subsidies of Deji®a2]

Mostly paid through energy bills,rpduction subsidies are standard market support mechanism

these include Feed in Tariffs (fiTFeed in Premiums (FiP), Contract for Differences (CfD) and
production tax credits A popular production subsly, the CfD wasntroducedin the UKin 2014, with

a moveto replace ROCsTendered through competitive auctionhey work by fixing a set price for

energy purchased from developers for a duration of 15 years. These are allocation in rounds where a
competitive auction format allocates CfD payments to the biddithgvelopers (staing with the

lowest cost first) until either the budget or capacity camist [21]. In the UK, the FiT, RO and the CfD

are funded through the Levy Control Framework (LCF) and paid threthggbonsumed O AT AOCU AE
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Emissions/supply trading schemes

This capand-trade system sets a cap on emissions for selected sectors in a certain geographical area.
Emissions allowances or credits for the right to egrigenhouse gasquivalent are then auctioned or

sold by memberss OAO O1 AAOAIT 1T Ai EOOAOO8 0O0OAI EOEAA EI
emissions trading scheme and a cornerstone of EU emissions reduction [&&]cy

Regulatory standards on competing technologies

For energy generating technologies, regulatory standards are mostly seen in the form of a carbon tax,
fuel duty etc. In the UK, some common examples would be the Carbon Tax, Climate Change Levy,
Non-Fossil Fuel Obligation (NFFO) levy etc.

The NFFO was thérst attempt by the UK to support the generation of leearbon energy in a
liberalised energy market. It was introduced in 1990 essentially to support nuclear power generation
following privatisation of the electricity markets in 1989, as the privateteeavas unwilling to buy
nuclear power plants from the UK governmdgs.

Tax incentives on IP gains

Tax incentives on IP gains is a form of indirect policy incentive for innovation activitiasteases
the payoff of a sacessful innovation byproviding payoff to companies that profit from owned
Intellectual PropertiegIP) For example,n the UK, the Patent box (launched in 2018pcourages
companies to commercialisi®in the UKby providing dowercorporation tax rateof 10%on profits
derived from qualifying patents and other similar[l2]. In conjunction to thePatent Boxincentive
the UK alsrovidesotherincentiveslike R&D tax relief, R&D tax credit and R&D alknce which
allowsacompanyto effectively receive mix of push and pull incentivésr R&D in the UH25].

While both funding mechanisms are used in different stages of technology development, it is seen
that a balance of both technology pusisipporting RD&D) and pull policies (supporting market
formation) are required for successful innovation in energy technoloj§iés27, 5]
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2.2COST REDUCTIONS AND LEARNING INVEEWT IN RENEWABLE
ENERGY TECHNOLAES

Cost estimates for ocean energy technologies are currently much higher that other renewable or
conventional electricity generation methods, and as such need to be reduced for these to compete in
the market for grid powerExperience from otherenewaklle energygenerationtechnologies shows

a pathway of cost reduction over time with increasing volume of productidms procesof learning

and how it can be modelledsing learning investment and learning ratiessdiscussedbelow. This
forms the basis othe cost modellingwork undertaken,described fully in sectiondand5. The cost
reductiorsseen in othesectorsarefurther illustratedby the four case studies in sectidh

2211 EVELISED COST OF ENERGY REDUCTION

A key metric used to determine the attractiveness of ocean energy technology is the L&83@Efined

in equation(2.1). This is a standard way of comparing the ceffectiveness of energgeneration
technologies. A reduction in LCOE may be achieved through either a reduction in costs (CAPEX or
OPEX), an inci@se in annual energy production (AEP)aoincrease in the project lifetime. As LCOE

is based onhe presentvalue, changing the deunt rate used will also have an impadhange in
investor confidencend the perceived ris&f a technologywill influence the cost of capital available

to developers and thismay vary over time as the technology becomes more maf@&j. All these
factors contributing to reduction in LCOE are included within giegle factorlearning rate used in

the modelling.

g 0000w00OKHO0OLHDH

5660 p OY
Lou B 500 2.2)
p OY

Where: 1§ 3 § ‘Qgithe CapitalExpenditures in year

} 0 0 'O &the OperationalExpenditures in year
0’00 U is theDecommissioning cost in year
® 'O Us theAnnual energy production in year
“Mis thelifetime of the systemin years
O "Ys thediscount rate

}
}
}
}

2.2.2LEARNING INVESTMENT

A graphical repreentation of typical technology costeduction curveis shown in Figure 2.1. These
curvestend to show a (relatiely) consistent cost reduction with every doubling of cumulative instaled
capacity, described mathematically beloWhA O1 A A OT E TistheEotataAaud bf Aldbsip
required toachieve the cost reductions required to meet the targ&QE.

The consistentcost reductioncurveis assumed to occur after the first commeregdale array
projects, with a certain cumulative deployed capacityO 6and an associated levelised cast 'O .
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Therefore, the base point for thecostmodelingin secton4 is defined in terms of( O &0 6 '®).
Before this point, LCOE estimates may be uncertainfarous reasons, including:

} The LCOE estimate could be baksen deployments of individual devices and/or demonstration
arrays that will likely have a higher cost than future commercial scale arrays.

} There may not be sufficient operating experience to jiystissumptions used for the lorgrm
availability, capacy factor, project lifetime, etc.

} There can often be a decoupling of costs and prices in the early stage of technology development,
leading to a price umbrellg29, 30]

350 —— ; , . ,

/ Uncertain LCOE in early stage
300

LCOE of firstommercial arrays,
<€ and point after which sustained ]
cost-reduction observed

Consistent costreduction A

with every doubling of
installed capacity

10% LR
15% LR
20% LR | |

250 [ = = =

200 [

150

LCOE (€/MWh)

Target LCOE
100 -

e l ---------------------------------------------------------------------------------------
0 1 1 1

100MW 1GW 10GW 100GW
Cumulative Deployed Capacity
FIGURE2.4:REPRESENTATION OF LEARNINGERVE SHOWING COST REDUCTIONS WITH
INCREASING CUMULATIVE DEPLOYED GARTY

In renewable energy technology applications, experience curves can be usedctalte technology
performance (usually cost) as a function afitput or experience (usually cumulative deployed
capacity)[31, 32] This relationship between cost$ £ i and output 0 is shown in equatio(®.2),
whereo € ( i®an initial cost atoutpuﬁ , andD "Ys the learning rate, which describes the fractional
decrease incostd € i éor evay doubling of cumulative outputd

§¢i 08¢l 6 where:d i 22)
The costmodellingin section4 uses asingle factor learning rate, using LCOE as the dependent
variable, with an independent variable of cumulative capacity deployed in[®8)\34] This learning
rate is a proxy that aggregates several factors shdwcortribute towards cost reduction in other
sectors, including:

1. Learning by searchingz improvements througtresearch and developmenR&D)
2. Learning by doing& Learning by usingz improvements in product manufacturing
mechanisms, labour efficiency, etc.
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3. Learning by interacting zimprovements in network interactions between research
institutes, industry, endusers, policy makers, etc. that improve knowledge diffusion

4. Upsizing/downsizingz changing the scale of the technology may reduce specdistsand
will also impact performance

5. Economies of scalg product standardisation and upscaling of production facilities

If the LCOE is the dependent variable, the learning rate will also include the changes in the Weighted
Average Cost Capital (WACC) associatétthweduced perceived risk by financers and insurers. That

is because the LCOE represents the lifetime costs of a project over lifetime energy production,
discounted to their present values. The WACC is equal to the discount@ateised in LCOE
calculations[28], as shown irequation(2.1). As technologies gain proven operational time and are
regarded & more mature, significant LCOE reductions are also achieved through reductions in cost
offinance (WACC) as investment risk premiums redaég

Given an LCOE for ocean energy above the wholesale market price (WMP) ofoithete. where

we are today), this difference needs to be subsidised in order to drivenzercial deployment of the

technology, which will then result in the desired cost reduction. The total amount of subsidy, or

Ol AAOTET ¢ ET OAOOINANFOWER5 ReQiorB EDAD OB OAD bEvmmBeEA AT OO
technologies, i.e. the wholesale market price for electric®yA CET 1 Gl ABMDITEHA ET OAOOD
subsidy costs for the novel technology above tisi A OACET T 3 OEI xO0 O1 AAOOAE
early-stagetechnologies, which may be alve the base LCOE. Given the uncertainty, and limited
contribution to the total learning imestment, these are considered to be subsidised at the base LCOE.

350 —— ; , . ,

10% LR
15% LR

%00 el Base LCOE, andyint 20% LR ||
, after which sustained
250 [~ = —“—’ <= cost-reduction observed .
§ 200 | |
w .
w <)
O 150 - i
(@)
-
____________________ Target LCOE
! T ; == 100 —WMP
Subsidising differential !
costs above the target 1

LCOE of the Wholesalei
Market Price (WMP) E

O 1 1 1 1
100MW 1GW 10GW 100GW

Cumulative Deployed Capacity
FIGURE2.5: GRAPHICAL REPRESENTATION OF LEARNINGESTMENT
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2.2.3RADICAL OR STEPHANGE COST REDUCTIONS

The cost modelling in this study investigates the effects of integrating radical innovation in experience
curve analysis. This builds on the concept of stélange innovation enabling shifts between
experience curveg3l, %] as shown inFigure 2.6. These experience curves can represent an
incumbent technology (curve A) and a technology variant (curve B) which is enabled through step
change innowation. It is important to note that these steghanges are the result of new and novel
technologies (devices and/or subsyster®ing developedThe private energy sector is generally
moreinclined to improve existing technologidscking itself in to curent portfolios, rather thanto
pursuehigher-risk speculative R&Dwhich could lead toradicallynew technologieswith a reduced
cost. Thigoint highlights the need for funding programmedo driveradical innovation

This integration of step-change cost reduction into the experience curve analysmllows us to
construct scenarios comparing the investment required to meet an LCOE target including step
change innovation (line B) compared to the counterfactual of incremental cost reductions alone (line
A). Itis assumed thataccumulated experience igansferred from the incumbent to the novel
technology.

500 r
Transition Technology varient A (incumbent)
450 1 period Technology varient B (new technology)
400 1
3501
300 \

LCOE (€/MWh)
8 N
o o

-
)]
o

100

50

102 103 104 10° 108 107
Cumulative Installed Capacity (MW)
FIGURRE2.6: EXPERIENCE CURVE WITH TRANSITION BETWEEN TECHNOLOGY VARIANTS.
BASED ON31]. SOLID LINE SHOWS SECTOR WIDE CGSRVE.
THE TECHNOLOGY VARIANTS ARE ASSUMED TO HAVE EQUAL LEARNING RATES.
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2.3LEVELISED COST OF ENERGY ESTIMATES OF OCEAN ENERGY

A wide range of cost estimates have been published for ocean energy technolodiese
significant uncertainty at this nagnt stage of the sector, where only single demonstration devices or
small arrays have been deployed, and few devices have been operated for many years. It is also
important to note there is uncertainty due to theeliance on projected costs for operatingdse
arrays, which could be +30% for simplified cost estimates for pilot pf&6ts37]

Estimates from the following studies are presentedTiable2.1 and Table2.2 for wave and tidal,
respectively, and shown graphicallyfiigure2.7 and Figure2.8.

} Ernst& Young / Black & Veatch (2010) Cost of and Fingdegdortfor Wave, Tidal Stream, and
Tidal Range Generation in the B8]

} Sl Ocean (2013) Ocean Energy: Cost of Energy and Cost Reduction Oppor{@8ities

} IEA OES (2015) International Leveli€edist of Energy for ocean energy technologji@s].

} Jenne, Yu & Neary (2015) Levelized Cost of Energy Analysis of Marine and Hydrokinetic Reference
Models[40].

}  JRC (2018) Ocean Energy Technology Depaent Repor{41].

} Offshore Renewable Energy Catapult (2018) Tidal Stream and Wave Energy Cost Reduction and
Industrial Benefif42].

} BEIS (2020) Electrigitgeneration cost§43]

These studies are reported in different currencies (EUR, GBP, USDjaaredbeen calculated for a
range of base yeardherefore three estimates are shown for LCOE: (1) in reported currency, (2)
conveated to euro, and (3) corrected for ildtion to 2020 (report publication date used if no currency
date stated). Conversion factors &URL00 = USDO0.83 andEURL00=GBP1.11 have been used
based on the 3nonth average to end 2020 Historical inflation based on UK ONS Dp#d]. Different
studies quote either a single number, a range, or high/medium/low estimates

Note also that these studies represent varying levels of sector commercialisation, sive&gues

for 100MW ofcumulative deployed capacityCPGh x EE1 OO T OEAOO NOI O6A OA&EO
10MW project (which is assumed to be similar). They are not directly comparable due to differing

input assumptions, etc. However, the broad tresiilom these studies have been used to inform the
estimateof LCOE at sector commercialisation (assumed to correspond witiMMofCDCfor each

OAAOI 0gq8s 2APOAOCAT OAOEOA OAI OAO & oi OEA 1 EOAOAC
stream have en used. These two values are used as case studiestoatieipossible trends in future

investment. It is important tonote that this is a representative for the whole secfarave or tidal)

andencompasses a range of values across diffedawices and developers.

2 hitps://www.xe.com/currencyconverter/convert/? Amunt=1& From=USD&To=EUR
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TABLE2.1: LCOE ESTIMATES FOR WAVE ENERGY CONVERTERS

Source

Wave Sector Maturity

LCOE

LCOE

LCOE

(=/MWh)

jQr-7E

i #dMWh)

Ernst & Young / Blackl 10 MWcommercial
& Veatch (2010) array in 2020 172253 (GBP) 19%278 26%376
10 MW deployed EUR 33625 39%744
Sl Ocean (2013) epoye (EUR) & X
100 MW deployed (EUR) 230435 274518
Jenne, Yu & Neary Small conmercial
(2015) array (RM3 10 MW) 980 (USD) 804 908
First ial
oo s | 2807480 (USD)| 230394 2507445
IEA OES (2015) First commercial array|
Developer responses 1207280 (USD) 987230 11%259
Eetimaie of sector (EUR 47071400 5311582
JRC (2018) Estimate of sector
EUR 4
costsin 2018 (EUR) °60 >9
BEIS (2020) 9 MW projectin 2025 | 16%338 (GBP) 188375 2127424
P Yod [ 00 add NOd XPPPXWODXT dP Xad
YO} O D XO7jwoRA i i 1 o NS L. i T &
3) / AED X7 #Q# ' e | . #1j%O DT K
Xxoda #sH —

) %!
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FIGURR2.7: LCOE ESTIMATES FOR WAVE ENERG®DNVERTERS
ERROR BARS SHOWANGE BETWEEN LOWHIGHVALUES QUOTED
SHADEDBARSSHOWMID-POINT ESTIMATEVHEREAVAILABLE GR MEAN ORRANGEWHERENOT
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TABLE2.2: LCOE ESTIMATES FOR TIDAL STREAM TURBINES
LCOE LCOE LCOE

i #dMWh)

Source Tidal Sector Maturity (a/MWh) P QT- 7

Ernst &Young / Black | 10 MW commercial
& Veatch (2010) array in 2020 14%211 (GBP) 155232 20%313
10 MW deployed (EUR) 2457470 2927559
SIO 2013
cean (2013) 100 MW deployed (EUR) 180350 21&A1T
Jenne, Yu & Neary Small conmercial
(2015) array (RM1 1MW) 420(USD) 344 389
Commercial scale
project 14Qz270 (USD) 115221 13250
10 MW project
IEA OES (2015) (<500KW trend) 145280 (USD) 11%230 134259
10 MW project
305580 (USD 2507476 283%537
(>500kW trend) X ( ) % ®
Ej;'g‘;ez‘g fgcmr (EUR) 47021020 5311153
JRC (2018) Estimate of sector
costsin 2018 (EUR) 400 424
10MW deployed 300 (GBP) 333 410
OREC (2018
(in 201;GBP; 100MW deployed 150 (GBP) 167 205
200MW deployed 130 (GBP) 144 177
BEIS (2020) 9 MW projectin 2025 195391 (GBP) 2167434 2297460
® Yod T dd ddd AOPDP XDDdD XWb
%NV O P XO7jWORAT i1 OGE)C)AOTGJT' Y F 78
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3) WbED Xor g i C#jwo w7 &
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X®dr D OSYEdER O O AEE—
X®dar D OIYRER O O APAEE——
* ATd @
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FIGURR2.8: LCOE ESTIMATES FOR TIDATREAM ENERGEZONVERTERS
ERROR BARS SHOW RANGE BETWEEN LOW & HIGH VALUES QUOTED,
SHADED BARS SHOW MIBOINT ESTIMATE WHERE AMMBLE OR MEAN OF RANGE WHERE NOT
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2.4FUTURE SCENARIOS FOR DEPLOYMENT OF OCEAN ENERGY

The current cumulativglobaldeployment for wave and tidal energy is approximately 25 MW for wave
and 40 MW for tidal streanThis is based on reported deployments ovee theriod 20032020[45]
[46], excluding redeployment of existing devices.

The focus of this study is on the costs and benefits of commercialising the ocean energy sector and
reducing LCOE to a Vel competitive with other technologies. The results in sectiaihow that the

total investment required to achieve a competitive LCOE is not strongly linked to the deployment
rate, however the temporal aspect has to be consetkin the modelling.

Exponential growth in cumulative deployed capacithas historically been observed in other
renewable energy technologies, including wind and solar, as covered in the case studies in3ection

For the baseases othe modelling, the increase in cumulative deployed capacity is assumed to
increase exponentially at 30% increasel/year, as seen in capacity addition rates for solar PV and
onshore wind energy from 2006 to 20} AnOA CEXMO A ADPIT T Ul AT 68 OAAT AOEI
with a 60% increasel/year, based on solar PV capacity additions from 20084 7].

These scenarios have been used to explore the likely timescales involved, althoughld bleanaded

that exponential deployment ifighly sensitive to the initial capacity and deployment in the early
years. The rate of deployment for wave and tidal is also unlikely to be equivalent as these technologies
are at different levels of maturity ahhave different resource available globally.

Itisbeyond the scope of this study to model future deployment of technology in any detail. Therefore,
the modelling in this study assumes this exponential growth in the cumulative deployment over time.
The bllowing caveats apply:

} This may not be fully accuratat the early stages prior to commercial scale-tit of a technology.
Exponential growth might oveestimate how much can realistically be deployed in the next few
years. Conversely, it may be posktfor the sector to roll out faster than these expmtial
trajectories when the absolute number of devices/MW installed is low.

} The rate of exponential growth is likely to reduce as the market matures and the rate of annual
deployment approaches limith the supply chainavailability of good deploymensites, etc.
Therefore, the faster 60%/year exponential growth might be unlikely for a prolonged period.

Where related to calendar years, the first year of the exponential deployment trajectories isttaken

be 2022. There is significanincertainty over how fast the ocean energy sector can start to deploy
technology, especially when subsidy mechanisms are not yet in place. However, some deployment
will occur in 2021, which smoaghs the transition to theexponential deployment.

The two eponential deployment scenarios used for the modelling have been compared against two
projections from the IEA 2020 World Energy Outlook (WE@). These projections show the balance

of global electricity generation by vawus technologies, including marine energy, for two possible
future scenarios:
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1. Stated Policies Scenarig 34 %03 q OAZ AAOO OEA EIi PAAO 1T £ AGEQ
announced policy intentions, to provide a detallsense of the direction in whigkxisting policy
AOAT AxT OEO AT A O1 AAUSO PI 1 EAU Ai AEOGEIT O x1 OI A
2. Sustainable Development Scenario(SDS) which shows a possible future course working
backwards from the achievement of energglated UN Sustainable DevelopmeGoals and
shows what would be required to meet them.

The WEO notes that even the SDS is not sufficient to achieve the goal-@emetemissions by 2050,
this would require significant additional renewable energy genératabove that in SDS, in
combination with behavioural changes across socigt§].

The classification of marine energy in the WEO includes tidal range, of which there are currently three
significant schemes worldwide totatlg approximately 0.%W. Tidal rage schemes are very site
specific and have potentially large environmental impact, so there is limited availability for additional
tidal range deployments worldwide and thus have been excluded from this analysis.

Figure2.9shows the two exponential deployment scenarios projected forwards from the end of 2021,
for wave, tidal, and total cumulative deployment, compared against the IEA WEO projections for
marine energy (mmus existing tidal range) ahOcean Energy Europe (OEE) targets for 2030 under
low and high growth scenarios, shown irable2.3. The cumulative total deployments are also
presented inTable2.4. Indicative annual capacity additionseashown inTable2.5, noting these are

not shown every year due to the sensitivity of the exponential deployment and the fact that projects
are not likely be deployed with equal growth per year.
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FIGURR2.9: COMPARISON OF FUTURE GLOBAL CUMULATIVE DEPLOYMENT TRAJECTORIES
NOTE THAT APPROXIMATELY 0GW OF EXISTING TIDAL RANGE CAPACITY HAS BEEN REMOVED
FROM THE IEA SCENARIOS WHICH CONSIDERALL TYPES OF MARINE ENERGY IN A FUTURE
ELECTRCITY GENERATION MDSDS IS THE SUSTAINABLE DEVELOPMENT SCENARIO, STEPS IS THE
STATED POLICIES SCENARIO.
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TABLE2.4: POTENTIAL FUTURE GLOBAL CUMULATIVE DEPLOYMENT TRAJECTORIES (MW)

TABLE2.3: OCEANENERG YEUROPE2030DEPLOYMENTTARGETS (MW)

DTOcean+

Year Growth Scenario Wave Tidal Total
2030 Low 178 1,324 1,502
2030 High 494 2,388 2,882

30%/year increase 60%/year increase I:/IEefri\r:\cleE; i?j:/)

Wave Tidal Total Wave Tidal Total STEPS SDS
2019 25 38 63 25 38 63 564 564
2020 25 40 65 25 40 65 Z Z
2025 71 114 186 164 262 426 623 1,671
2030 265 424 689 1,718 2,749 4,467 3,737 5,907
2035 984 1,575 2,559 18,014 | 28,823 | 46,837 Z Z
2040 3,655 5,848 9,502 | 188,895| 302,231| 491,126| 19,228 | 28,514

TABLE2.5: INDICATIVE FUTURE GLOBAL ANNUAL DEPLOYMENT (MW)
30%/year increase

60%/year increase

Year Wave Tidal Total Wave Tidal Total
2025 16 26 43 61 98 160
2030 61 98 159 644 1,031 1,675
2035 227 363 591 6,755 | 10,809 | 17,564
2040 843 1,349 2,193 70,835 | 113,337| 184,172
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3.#1 3% 345$) %3130/ BP. 1 & O/, ) #9 - %#
) . 1 4A( %2 %. %2' 9 3%#A4/[ 23

A broad background review covering a variety of funding mechanisms across diffemergy sectors
and countries has been conducted. This review aims to build cotsyegific sectoral case studies to
understand how different funding mechanisms have beaed at different stages of technological
maturity and how the markets around thesectors have developeth turn, these case studies would
help assess what a good balance of technolpgygh (TP) and marketull (MP) mechanisms is and
thus provide learnig for the ocean energy sector. Additionally, the case studies will also help
bendimark the assumptions used in the investment cost modelling (sectcand 5).

The framework behind these case studies and their inputs are discussed in detail lixlevall
discusson of the case studies and resulting lessons tbatild be learnt for the ocean energy sector is
given in sectiorn’.l1

Based on the availability of information under theackground review conductedour case studies
have been slected based on the availability of informatiptechnological maturity and the success
of the sector. The case studiase:

} Germansolar PV,

} Japaneseolar PV,

} German énshore) wind, and

} Danish(onshore and dshore)wind.

The data behind these castuslies are entirely based on secondary research, sourced from relevant
research papers, journals, government studies, reports, websites etc., which have allowed us to build
arobust database for our analysis. The period betw2@d0-2018 has been selectddr this study to
capture the most recent and relevant developments of these energy sectors. The data cdésted
been grouped under the beloamentioned indicators andsfurther defined inTable3.1below:

Technical Indicatorsinclude cumulative capacity deployed, cumulative generation, LC@Bd
capacity factor (CF), to help us assess the maturity of the sector.

Financial Indicatorsinclude variousTP (R&D grants, government funding etc.) amP (HT, tax
credits, subsidies, ROCstc.) funding mechanisms, as well as capital investment (where available) to
help gauge the funding support required for the commercial development of the sector.

Economic Indicatorsuch as GVA, annual turnover or business value and jobs createdptadsess
the economic performance/benefits generated from the sector.
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TABLE3.1: DESCRIPTION OF THEDICATORS USED WITHIN THE CASE STUDIES

Indicator - Unit Description
Cumulative capacity GW g#dmzu(ﬁtéve capaty installed of a specific technology between 20

Cumulative Generation | GWh Cumulative energy generated from a spectéchnology until 2018

Ratio of actual electrical energy output over one year to
maximum possible eletrical energy output over that same period
Levelised cost of energy | QWh | Average lifecycle cost per unit of energy produced.

Investment in construction] ‘Qm Capital investment available for the construction of power plants

Total funding provided to a specific energy sector in the form of
support mechanisms between 2000 and 2018.

Total funding providedto a specific energy sector in the form of

Capacity factor %

TechnologyPush funding| Qm

Market-Pull fundin ‘Qbn .
g support mechanisms between 2000 and 2018.
. Total returns in the form of economic stimuli or turnover geated
Turnover Qbn .
between 2000 and 2018 byspecific energy sector.
. \ Amount of capital investment made including the turnover from {
Business value Qbn . o
import of specific components
Spend Obn Sum of funding provided to a specific energy sector between 2
P and 2018 in the form of TP and MPaport.
Total number of employment or jobs created in a specific eng
Jobs created T sector between 2000 and 2018.
Penetration level % Share of electricity generated by the energy sector in the nati

energy mix in apecific year.

The above indicators are used to generate two sets of metrics: absolute numbers and ratios between
the indicators. The absolute numbers are absolute representations of the cumulative figure under
each indicator. For example, the cumulativ@pacityisthe sum of the total capacity installed between

the period. These numbers are further used to generate the ratidsch are defined inrable3.2
below.
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TABLES3.2: DESCRIFION OF THE RATIOS USED WITHIN THE CASE STUDIES
Metric/ Ratio Unit Description |

Employmentto Number of jobs created within the 20Q®018 period per energy
. JobsGWh

generation generated.
Turnover to QNWh Economic return or added value credtby an energy sector respective]
generation to the amount of energy generated between 2000 and 2018.
Market-pull to The ratio of amount invested in technology innovation to amount
technology-push ? invested to foster demand in a specific energy sector within 200018.
Technologypush QmMWh Cumulative investment in technology innovation per energy generate
to generation between 2000 and 2018.
Market-pull to QmWh Cumulative sum of dosidies and premiums offered to foster demand i
generation an energy sector per energy produced between 2000 ariB20
Spend to QMWh Cumulative investment, both in terms of TP and MP, between 2000 ¢
generation 2018 per energy generated.
Turnover to Ecoromic return generated per investment in both TP and MP betwe;
spend ? 2000 and 2018. This ratio is virtuallyedirn-on-inve stment.

.~ .| Number of jobs created between 2000 and 2018 per total investmen
Jobs to spend *1 AO both TP and MP.

: Reduction in technology unit costs associated with each doubling of
Learning rate % . . .
installed cumulative capacity.

It is impatant to highlight that the basis of our analysis is very much dependent on the ratios that
have been calculated. A limitation in our analysighiat each case study has different indicators
available, and the methodology used to calculate them differa/al. Also, the fact remains that each

of these case studies will have a different point of initiation and commercialisation, which means that
our study period 2002018 might capture a different market situation for each one of them. This
makes it diffiailt to draw adirectcomparisorbetween the case studies. However, the case studies do
provide an interesting context when compared with theean energy sector, by helping understand
the balance of technologypush and demanepull funding that would be regjred to generate similar
benefits in this sector.

A detailed overview of these case studies will be discussed in the sections below. Badtudy
begins with an overview of the data inputtheir sources, assumptions andentified gaps. This is
followed bya discussion section drawn on an analysis of the inputs, ratios, and findings.

3.1CASE STUDY 1: GERMAN SOLAR PV

"AOT AT U8 O AMIAOEI AGOATGOHREIRAOCEAXxAT AA6q EAO Al 1 OO0E,
energy system. The main target of this pl&an®0 O1T OOPPI U 11 00 1T £ ' AOi AT U&
energy sources and without electricity generation from nuclear by 2022. Currenthytréimsition to

OAT AxAAT A AT AOcUu Oi OOAAOG EO OEOEAI A ET ' AOI AT UGB

growth in both its solar and wind capacity since the introduction of the Renewable Energy Sources
1 AO j O %OENAr§iek'OA BLOAU ) in the@arlya®a00s. Through a combinatiorTéf and MP
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mechanisms, Germany has made funding available towardsencompetition and cost efficiency in

the solar PV sector. This section reviews the evolution of this energy sector and presents a detailed
breakdown of the various indicators, the data used, the sources, assumptions, and the existing gaps
under this casetady. A discussion section is also included analysing the effeEPcdnd MBupport
mechanisms on the development of the sector and the éf@s derived from the investment and
operation of solar PV plants in Germany. No significant gaps exist undecdbis study except an
incomplete set of LCOE numbers (available from 2Q018 only).

3.1.1ITECHNICAL INDICATORS

The technical indicators used in our analysis atenmarsed in Table 3.3 and include annual
deployment capacity, generatio, LCOE and estimated CF.

TABLE3.3: DESCRIPTION OF TECHNICAL INDICATORS AND SOURCES FOR THE GERMAN SOLAR PV

SECTOR
‘ Capacity Generation LCOE CF
Year 2000-2018 20002018 20102018 20102018
Units MW MWh QKW %
Working Group on . .
Renelwgble Eunper Working Group on Estimated as
Data Source - %W Renewable Energy | IRENA Repoifs0] | perEquation
Statistics Report L
[49] Statistics Repor{49] 3D
Conversion Factor None None P8R YQ T None
Calculations None None None Equation(3.1)
Assumptions None None None None
Gaps None None 2000-2009; 10 yrs. None

The figures corresponding to cumulative installed capacity (MW) and electricity generation (GWh)
xAOA T AOAET AA &O01 i OEA OADPI OO0 O4EIi A OAOGEAO A& O
*AOI AT Ud DOAI EOEAA AU OEA 7 iShiistics @GESR@PTheT 2 A1 A
data is directly available for the yeaP§0Qz2018 and, thus, no assumptions or calculations were
necessary.

The data for LCOE in @Whwas®O1T AOOAA £EOT I OEA WwWoXi )2%.! 2/
AT A OA OE[B(]for#ne ¥2@r<2912018. An exchange rate @.85 t0$1.00 was assumed.

There is a gap of 10 years (20RQ009) for this metric as the values are oalyailable from 2010

onwards.

Lastly, the average annuahpacityfactors were estimated based on the generation and cumulative
capacity previously desibed as per Equatio(8.1), whereois the specific year between 2000 and
2018.

O¢ Qi'AnRE Qi WD £ P x e&dA i (3.1)
603d0a@BIALRT ©® OQOI
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3.1.2FINANCIAL INDICATORS

Our analysis considers federal energy research programmes as thelfRainding mechanism and
total annual FIT spend as the most prominent and relevidif funding mechanismFor this case
study, we have also compiled information regarding the annual investment in the construction of
power plants. The summary of these indicasas presented below ifable3.4.

TABLE3.4: DESCRIPTION OF FINANCIAL INDICATORS AND SOURCES FOR THE GERMAN SOLAR PV

SECTOR
Investment Federal Energy Research FIT and
Funding Premiums Spent
Year 20002018 20002018 2000-2018
Units ‘Om ‘Om om
Working Gro-up- on Renewable| Evaluation of Energy Researcl Federal Ministry
Energy StatisttsReport[49] Programme, Renewable .
- of Economics ang
Data Source Energies Reports and Federa,
g . ) Energy Report
Ministry for Economic Affairs -”
and Energy Repof61][52][53] [54]
Conversion None
None None
Factor
Calculations None None None
Assumptions None None None
Gaps None None None

The data for federal energy research fundingsiaeen procured from periodic reports put together
by the German government and, also, supported by research pgpdi$s52][53]. No assumptions
were made nor were any owersion factors used. The time series is complete.

The data for the annual investment and FIT spent have also been procured from reports put together
by the German government and does not involve any assuomgtior conversion factorf®4]. The
time series is complete.

3.1.3ECONOMIC INDICATORS

To gauge the benefits of the support mechanisms in the German economy, we reviewed the economic
indicatorssummarsed in Table3.5, which include economic stimuli from theperation of solar PV
plants and gross employment numbers under the German solar PV sdetoromic stimuliarea
representation of the revenue generated from the German solar PV sector ifa@nufacturers,
suppliers, sales, and service companies) dradconomic benefits derived from this sector. The data
has been procured from repasput together by the German govement[49] [55] and does not
involve any assumptions or calculations. No cersion factor has been used and the available data is
for the complete set of years.

Grossemployment numbersreused as a representation of the gross number of jobs generated under
this sector and has also been taken fra@&erman government reporfs5]. This indicator refers to
direct employment and includes teporary jobs and, therefore, is higher than the net employment
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generated by the sector (i.ethe figures are nofull-time-equivalentadjusted). No assumptions or
caculations were required, and the time series is complete.

TABLE3.5: DESCRIPTION OF ECONOMIC INDICATORS AND SOURCES FOR THE GERMAN SOLAR PV

SECTOR
‘ Economic stimuli Gross employment

Year 2000z2018 2000z2018

Units ‘Qm ?
Data Source Working Group on Renewable Energ Federal Ministry for Economic Affair,

StatisticsReport[49] and Energy Repofb5]

Calculations None None
Assumptions None None

Gaps None None

3.1.4DISCUSSION

Key Findings: German Solar PV

} Solar PV has become a key generation technology in the German energy transition
} Capital investment peaked in 2010@t9.5bn (refer

}
}

} Figure3.l).

} Q3.26bn havebeenreceived from economic stimulus triggered in other sectors thro
personnel demand, auxiliary services, spare parts, fuel, etc. This represents a 14% re
investment in technologypush and markefpull support.

} 3.8 direct jobs have been createdrfG/NVh of electricity generated between 2000 and 2018 fr
solar PV

} Due to the aggressive industrial policy in Asia, particularly China and Japan, the marke
of German manufacturers decreased significantly, and the cost competitiveness of the
collapsed in 2012 and 2013
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}  The sector has started regaining strength in 2018 with the constashélgreasingcosts of
German PV modules, the increasing freight costs, and long delivery times for Asian PV m
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FIGURB.1: INVESTMENTAND ECONOMIC BENEFIT UNDER THE GERMAN SOLAR PV SECT]
BETWEEN 2000 AND 2018

} ‘QL.02bn have been allocated to energy research between 2000 and.2018

} TheLCOEEAO AOI PPAA AOI I ®8WHR QFYE7E EI Yo
reduction of approx. 8.6%.

} '™M4.91bn have beeninvested MPsupport mechanisms such &Tand HP between 2000 ang
2018

}  Germany has spent approx. 93 times mor®iRmechansms for the solar PV sector thanliR
mechanisms (refer t&igure3.2).

} Total spend inTPand MP support between 2000 and 2018 is ecalent to (60.70 per capita
per year

14
12 p—

10

Billion euro

S8 3 PS8 eeTRIEGRRIDYEGES
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Demand Pull  ® Technology Push

FIGURB.2: FUNDING AVAILABLE TO THE GERMAN SOLAR PV SECTOR THROUGH MARKET
AND TECHNOLOGYUSH SUPPORT MECHANISMS BETWEEN 2000 AND 2018
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FIGURB.3: SUMMARY OF INOGTATORS
(ABSOLUTHEFIGURES OVER THE 20018

PERIOD) FOR GERMAN SOLAR PV

DTOcean+

Photovoltaics has become a key gneration
OAAETTI11TcUu ET Aol AT UGO
with approx. 45 GW of cumulative capBci
installed between 2000 and 2018. This energy
sector generated approx. 45.8 TWh of electricity

in 2018, accounting for nearly 8% of the gross
electricity consumedhat year[56]. However,
reaching this level oprogress and maturity has

required time and investment.

Between 2004 and 2012, the solar PV sector was
the renewable energy sector with the highest
level of investment in the coury. In 2010, the
investment level in the sector peakedat Q9.5

bn (refer toFigure 3.1)57}

The German federal energy research
programmes have provided apprd®L.02bn for
research in the solar PV sector. With this
suppat, technological progress, the learning
curve, and economiegf-scale, theLCOEhas
decreased by7.8%, from 0.2&8KWhin 2010 to
0.09 QKWh in 2018 [50]. The annual learning
rates hae increased from 11% in 262011 to
15%in 20172018 as can be seenjlarror!No se
encuentra el origen de la referencia.The cost
reduction in the German solar PV sector seems
to respond to the cumulative deployment,
generation, and capacity factors with Pearson
correlation coefficients of 0.91, 0.95 and98,
respectively.

Additionally, diverseviPpolicies have supported
the rapid market growth. First, the 100,00lar
Roofs Initiative rolled out in 1999 incentivised
the installation of PV systems in the early 2000s
[58]. Later, the German Renewable Energy
Source Act (Erneuerbare Energien GesezG)
rolled out in 2000, guaranteed plant operators a
fixed rate of purchase to obtain an appropriate
profit. The EEG has facilitated apprd@®5bnin
demand-pull support through feed-in-tariffs
and premiums [49]. The stronginvestment
carries along considerable economic importance
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