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Executive summary
The scope of this study is to:

1 estimate the financial needs of the ocean energy sector in the EU;
1 identify and analyse potential financing gaps and possible financing solutions;
1 analyse recommendations of the ocean energy roadmap in that context.

Three scenarios have been developed: Optimistic, (all projects in the pipeline are
deployed and start at the proposed date), Medium (all projects are deployed, but
some are delayed), Pessimistic (projects are delayed and some are cancelled).

Main findings

1 In an optimistic scenario, given the current level of political support, about 3.9
GW of cumulative installed capacity are expected globally until 2030. The
capacity falls to 2.8 GW in a medium scenario and to just above 1.3 GW in a
pessimistic scenario.

I Europe is to keep its global leadership in the ocean energy sector by 2030.

9 Tidal stream is expected to take off over the next few years. Even though not
modelled in the analysis, the success of a few key projects, such as MeyGen
and Cape Sharp Tidal may  drive the sector further.

1 Most of the financial resources injected in the sector come from private equity

91 Like any other form of renewable energy, ocean energy tends to have relatively
higher capital expenditure costs (e.g. installing devices in the wate r) but lower
operational expenditure costs (e.g. maintenance, fuel, etc.). Therefore, if
projects prove to be successful, in time the initial investments will be repaid by
the capacity generated, which will come at lower operational costs than the
carbon s ector. The LCOE of fossil energy might remain lower than ocean

energybés for a long ti me; but the higher
promising because it reveals that money is being spent to create long -term
value. Furthermore, cost reductions in ca pital expenditures per unit of power

are expected with an increase in project capacity and overall cumulative
installed capacity, meaning that there is real potential for LCOE reduction for
ocean energy technol ogi es. The t ar g e bnceolD
GW are installed, which could happen by 2030 for tidal stream and 2035 for

wave energy, according to Ocean Energy Europe and TP Ocean.

1 If we exclude tidal range, in an optimistic scenario, the investments until 2030
amount to 9.4 billion euros in Europe, 7 billion euros  in a medium scenario and
2.8 billion euros  scenario.

1 Over 6 billion euros have been invested worldwide into projects so far, 75% of
which from private finance.

1 In the EU and between 2007 and 2015 alone, 2.6 billion euros have been
invested in the ocean energy sector, 75% coming from private corporate
investments. The European Commission has provided support with more than
200 million EUR through its research funding programmes. Another billion EUR
has been spent (part of it has been earmarked and will be spent by 2020) by
Member States and local governments through EU structural funds as well as
own programmes.

CAPEX/

10cu/ k
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1 Ocean energy projects can generate revenue by selling power to the grid or to
a third party (e.g. a port). The revenue will depend on the price at which the
energy produced is sold. The levelised cost of electricity (LCOE) for ocean
energy is still relatively high compared with other forms of renewable energy.
LCOE could be reduced by reducing capital expenditure, sharing infra structure,
or devising demand pull mechanisms to support revenue.

1T AFeddch tariffso are the most common pull mechani
mandated subsidies requiring utilities to purchase energy at a subsidised,
higher -than -market rate. This support is fundamental to enable the sector to
grow until it reaches a level of maturity to compete on the market.

1 The study has confirmed that there are several funding instruments at national

and EU level for prototypes and demonstration projects. What is lacking i s a
critical mass of finance to further develop the sector and scale it up to a fully
commercial dimension. Ocean energy projects are usually too capital -intensive

for venture capitalists and too risky for private equity. By the same token,
borrowing from  banks is often too costly. As a result, private investment in the
ocean energy sector often involves own financing. While on the one hand this
shows a certain dynamicity and optimism in the sector, on the other it seriously
limits the overall availability of resources.

1 By using public money to leverage private capital, the funds proposed in the
Ocean Energy Roadmap might accompany the industry until it reaches the
desired level of maturity. However, the funds alone will most likely not be
sufficient to reac  h the tipping point after which the sector can stand on its own
feet, without strong and stable public support. The injection of public money
via the funds will certainly lower the level of risk for private investors, but
these will continue seeking invest ments based on projected returns. Hence, a
form of revenue support is of paramount importance to accompany the funds
and maximise their effectiveness. It is thus highly recommended to take action
towards the implementation of revenue support mechanisms, as much as
possible consistent across Member States, so as to create certainty.

Besides legislative and financial support, forward looking and determination are key.

Offshore wind T now considered as a mature sector, albeit still subsidised T took 13
years to reach one GW of capacity installed in Europe; then less than three years to
double that, and by 2012 1 only 5 years after the first GW 1 there already were 5 GW

installed in Europe. It cannot be taken for granted that ocean energy will follow the
same p ath, but a clear vision and stable support will pay off in the long run.
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Introduction

The Commission adopted a Communication on Blue Energy 1 in 2014. With this
Communication, it recognised the immense potential of harnessing the power of the

seas and o ceans. It also acknowledged that blue energy could make a substantial
contribution to providing clean, predictable, indigenous and reliable energy in the

future.

Further to the Communication, the Commission set up the Ocean Energy Forum. It
offered a plac e where governments, industry, financers and stakeholders were able to
meet and work together on a structural basis to discuss a strategic framework for the
development of ocean energy sources.

In November 2016, the Ocean Energy Forum delivered an Ocean e nergy strategic

roadmanp Abuil ding ocean energy for Europeo.

analysis of on -going and potential developments, as well as challenges of the ocean
energy sector. It also proposes recommendation s for action.

This report is stru ctured in four main chapters. The first chapter reports the findings
from a data collection exercise carried out in view of building a set of scenarios that
can provide solid estimates on near to medium term financial needs of the ocean
energy sector.

The second chapter analyses the investments necessary to install the estimated
capacity, based on the same data sources as the first chapter.

The third chapter addresses the financial challenges and barriers to private investment

in the ocean energy sector, a Iso drawing comparisons with other renewable energies,
most notably offshore wind. The chapter also gives an overview of possible funding
sources and prevailing business models.

Finally, the fourth chapter proposes recommendations to address actions 2 and 3 of
the Ocean Energy Roadmap:

I Setting up a 250 million EUR Investment Support Fund providing flexible capital
and enabling further private capital to be leveraged,;

1 Setting up a 50 -70 million EUR Insurance and Guarantee Fund for ocean
energy demonstratio n and pre -commercial projects, covering risks that are
currently not covered by either insurance products or manufacturers
guarantees.

Starting from the requirements laid out in the Ocean Energy Roadmap, inputs from
the survey and relevant experiences were looked at in view of recommending a
possible structure for the two funds.

! COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE
EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS, Blue Energy,
Action needed to deliver on the potential of ocean energy in European seas and oceans by 2020 and

beyond. COM(2014) 8 final.

Thi
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1 Ocean Energy Pipeline
1.1 Data collection methodology
The data collection activity was carried out in three stages.

In the first stage, project and technology developers were surveyed, based on a
survey developed by Ocean Energy Europe. The questions asked dealt with project

pipeline, information on capacity planned, start of operation and project duration,

expected costs and financing methods. The survey was sent to 97 technol ogy and
project developers, of which 21 responded.

This data had thus to be supplemented with infor mat
Database, and other public databases, such as the OES database 2. renewableUK

database °, openEl database * and Tethys database °.

Wa v E C ®sean Energy Database ° focuses on wave and tidal technologies and
projects, with detailed information on all the areas related with technology and project
development. Over 300 open water projects are included in the database, from proof -
of-concept to pre -commercial deployment. The database is constantly updated and

upgraded.

For data related with tidal range and OTEC, the other public databases and news
sources were used.

Lastly, as far as wave and tidal streams technologies are concerned, sin ce the data

from the surveys and from WavECG6s ocean energy dat a
starting until 2020 -2022, further capacity was estimated by simulating new projects

each year. For tidal barrage and OTEC technologies no additional capacity was

estimated, considering that no further sizable projects are likely to be proposed and

built in the medium term.

The number of new projects per year was simulated for 2018 -2050, based on TRL,
typical duration, average number of project per year and forecast growth. Although
this data is generated for the period from 2018 to 2050, the analysis is performed for

the medium term (2017 -2030).

2IEA-OES, OG60OES | GI S Map Pageb.
®renewabl eUK, O6UKRED Marine Mapb.
“US DOE and NREL, OMarinecamdl dygdr kit médtaise T Open Energy | nfor ma

*PNNL, 6Tethys | Environment al Ef fects of Wi nd and Marine Renewa
®The JRC6s Ocean Energy database, focusing on operational and
developed by WavEC, and was subsequently upd ated by the JRC. At the time of the writing, a new update

by WavEC has been commissioned. The data on both databases can be considered on par in terms of past
projects.
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1.2 Results from data collection
1.2.1 Surveys

Of the 97 technology and projects developers contacted, 21 responded providing
information on future projects. A total of 47 projects of wave, tidal stream and OTEC
were reported. Of these, one is already operational.

One project was reported to have further capacity planned/proposed (for which the
survey had no separate data), which was thus split in two separate phases. The first,
starting 5 years after the initial project, with 1/3 of the capacity, and the second two

years after the first phase, with the remainder capacity.

Another project, reported by the developer as a large capa city project, is dependent
on grid improvements in the region, which are planned, at the soonest, in 2022.
Furthermore, publicly available sources indicate that the project is also likely to be
deployed in phases. Therefore, this project was split in four different phases,
staggered by 3 years.

The data from the surveys, after the changes detailed in the previous paragraphs,

covers projects starting from 2015 to 2021 for wave, 2017 to 2032 ’ for tidal stream,
and only one OTEC project occurring in 2020. The data from the surveys, after the
changes detailed in the previous paragraphs, covers projects starting from 2015 to

2021 for wave, 2017 to 2032 8 for tidal stream, and only one OTEC project occurring in
2020.

Figure 1 - Capacityand  number of projects reported in the surveys, according to technology
(Europe)

CAPACIT NUMBER O
% PROJEC"

1000

25
800

20
600

= 15

=

400

10

200 5

0 0

Tidal Stream Wave OTEC Tidal Stream Wave OTEC

A total 897 MW of tidal stream across 25 projects are reported for the next few years.
There is less capacity projected for wave energy, 111 MW in 16 projects. For OTEC
only one 16 MW project was reported, for an overseas region of Europe. Additional
capacity will be installed outside Europe, although it may be difficult to quantify, due
to lack of information. The available data tell us that there will be at least 67 more MW
of tidal stream (8 projects) and 10 more MW of wave energy (2 projects) that will be
installed outside Europe over the next few years.

" If accounting only for the data reported by developers, without changes into differen t project phase, tidal
stream projects start dates cover the period from 2017 to 2023.
8 Magagna and Uihlein, 2014 JRC Ocean Energy Status Report

11
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1.2.2 WavEC Ocean Energy Database and other public databases

The data from the databases covers projects starting from 1978 to 2020 for wave,
1994 to 2039 for tidal stream, 1967 to 2037 for tidal range, and 1993 to 2019 for

OTEC. For wave and tidal, the great majority of projects are between 2001 -2017. Tidal
stream and tidal range projects are mostly located in Europe, while OTEC projects are

mostly located outside of Europe. The OTEC projects that are counted as in Europe,
are in overseas territories: La Martinique (FR) and Curagao (NL).

In the following figures, the number of projects and associated installed capacity is

shownfor the data from the databases. These figures se
only o6future databd. Future projects <corredamond to
projects include future projects, and past projects either decommissioned or

operational, tha t have been successfully installed and operated at sea or relevant

environments (from TRL 4 onwards)

Figure 2 - Number of projects from the database according to time period (1965 -2040), and
location

PROJEC”

30 300
25 250
20 200
15 150
10 100
5 ' 50
0 0
DO ATNMNOMOOANLLOAITNEOMOOANLOASNO
O ONNNDODOVDVDOIDDOOO AAAANNNMMMI All Future
[N NN NN NN oMo NoNeNoeloeliolololNollololNolNoRNoRNo o)
A A A A A A A A A A NN ANANNNNNNNNNNN
Tidal mWave mTidal Range m OTEC Europe m Global
Overall, the projects in the database amount to 6.45 GW, 95% located in Europe. Of
these, 5. 87 GW are future capacity, 99% of which planned for Europe, even though it
should be noted that comparatively less information is available for non -EU countries.
Most of the capacity planned i s in tidal range projects (91%), while OTEC projects

contribute only to a very minor extent (0.2%). The graphs should come with a caveat:

they are based on the number of projects that have already been announced,

therefore they do not include a forecast of how many projects are likely to be
developed in the future, which explains why there is so little activity reported in the

period post 2019.

In spite of a lower number of projects, tidal stream contributes to a higher percentage
of capacity than wave (8% vs. 2%).
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Figure 3 - Capacity for Europe and globally according to technology

CAPACIT CAPACIT CAPACIT CAPACIT

(OTEC (WAVE) (TIDAL STREAI (TIDAL RANGI
14 120 500 7
12 100 490 6
10 80 5
8 =4
= 2 60 2 470
s 5 s 3
4 40 2
2 20 1
0 0 0
Future Future Future Future
m Europe m Global m Europe m Global m Europe m Global m Europe m Global

1.2.3 Generated data

For wave and tidal stream technologies, further capacity was estimated to
complement the data reported by developers and on the databases. This was done by
simula ting new projects each year, for TRLs 4 to 9.

For each TRL and type of technology, a typical capacity was assumed, based on the
median values from the databases and surveys.

The number of projects each year was calculated based on the average number of

projects per year from the period 2013 -2017, in order to account for the current trend

of new projects. A factor of 1.3 was applied to account for projects that were

abandoned/cancelled which are absent from the database used for this report. This

factoris based on data from WavECG6s database and archi
have been cancelled in the past.

The evolution of new projects each year, for each TRL, was calculated assuming that a

peak level will be achieved, after which the number of projects wi Il decrease. This
assumption is also valid for TRL 9, corresponding to pre -commercial projects, as these
represent new projects each year, and as technologies/projects are established, fewer

sites will be available, and those that are will be less economic al.

The peaks for each TRL are offset from each other, in the assumption that as low TRL
technologies are tested, some will advance to test at higher TRL, and the sector as a
whole will advance towards higher TRLs.

The inputs used for the generated new projects are presented on Table 1 (wave) and
Table 2 (tidal stream). The average project capacity and duration was calculated

using the median results from the surveys and database data. The average number of

projects per year was calculated based on the 5 -year a verage (2013 -2017). The
average project capacity and duration was calculated using the median results from

the surveys and database data.

13
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Avg.
Project
Capacity

Avg.
Duration
(years)

Projects/year

Table 1 - Inputs for new wave projects

Max Value

Years until
maximum

Value in
2050 (No
of Projects
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The evolution of the number of new projects each year is presented in
the evolution of new capacity in

0,8

Avg.
Project

124
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1,6
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Table 2 - Inputs for new tidal projects

Max Value
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Figure 5 - New capacity by year and TRL for wave and tidal stream
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The cumulative capacity was calculated based on the typical project capacity and the
simulated number of new projects per year. Combined with the data from developers
and from WavECb6s ocean energy database, the forecas

tidal was compared with the figures for maximum potential published by the JRC °in

the 2014 Status report. The figures were then compared also to the 2016 status
report *°, however, this report only publishes figures for 2020.

In the tables below the total capacity values for wave and tidal stream is shown and

compared with the maxi mum potenti al reported in t
percentage of total capa  city that relates to projects communicated by developers and

publicly announced is also shown.

he

Table 3 - Comparison of wave energy capacity pipelines used in the analysis and JRC forecast

JRC
From Estimated (2Q14) % from
Surveys & (GW) Total (GW) Maxnmt_Jm % of JRC Surveys &
DB (GW) potential DB
2020 0.138 0.007 0.146 0.19 77% 95%
2030 0.225 0.266 0.491 1.9 26% 46%
2040 0.225 1.335 1.560 2 78% 14%
2050 0.225 2.927 3.152 3.2 98% 7%

For wave energy, the total pipeline is within 68 -91% of the maximum potential values,
with the exception of 2030, in which the JRC values foresee a rapid increase compared

with 2020, which is not mirrored by the analysis in this report. In the analysis period,

the percentage of capacity from g enerated data varies from 5% (2018) to 54%
(2030).

® Magagna and Uihlein,
10 Magagna, Monfardini, and Uihlein,

2014 JRC Ocean Energy Status Report

JRC Ocean Energy Status Report: 2016 Edition.
15
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Table 4: Comparison of tidal stream energy capacity pipelines used in the analysis and JRC

forecast
From : J.RC % from
Surveys & Estimated Total Maximum Surveys &
DB (GW) (GW) (GW) potential
2020 0.545 0.071 0.616 0.4 154% 89%
2030 1.013 1.375 2.388 2.9 82% 42%
2040 1.455 5.395 6.850 3.1 221% 21%
2050 1.455 7.858 9.313 10 93% 16%
As far as tidal energy is concerned, there is less agreement between our estimates
and the JRCOs. For 2020, the total capacity is ovel

by the JRC in 2014. This figure has been updated in 2016, from 400 MW to 600 MW.
Our estimate matched this new forecast, with 89% of the pipeline comes from data
supplied by developers and from publicly announced projects. As with the wave case,
the maximum potential in 2030 and 2040 is very similar. In the analysis period, the
percentage of capacity from generated data varies from 21% (2018) to 58% (2030).

When it comes to the analysis at European level, a percentage of the total capacity is
assumed to correspond to projects deployed in European countries, broken down by
technology type. The percentages are reported in the table below, based on the data
from the su rveys and the databases. The values for 2017 are calculated based on the
operational and decommissioned projects to date, and the values for 2025 are based
on future projects. For 2020, an average value is assumed. For 2030, the value is
calculated based o n a quadratic decrease towards 2050.

Table 5 - Percentage of capacity in Europe

I 2017 2020 2025 2030

Wave 75% 80% 95% 94%
Tidal 73% 79% 81% 80%

1.3  Scenario definition

Using the previously detailed data, three scenarios were defined for analysis. The
analysis assumes a pipeline approach, in which a pipeline of future projects is used as
the forecasting method. Statistical data was used when available to complement the
pipeline information. It should be noted that all the three scenarios assume that the

current level of public support to the ocean energy sector is maintained.

The three scenarios are  developed :
x  OPTIMISTIC

Assumes that all projects (both from the survey and from our estimates) are
deployed, starting at the proposed start date.

x  MEDIUM

Assumes that all projects are deployed, but some are delayed. The delay is a function
of the present status of the project (whether it has started, and/or the permitting and
licensing process has been completed) and how far ahead it is planned for, modified
by the TRL and the technology. For the survey data, as there is information of the
amount already committed to finance the project, this is taken into consideration to
calcula te the delay rate.



Market Study on Ocean E  nergy

This rate generally decreases along the TRLs. However, for TRL 5 and 7 there is an
increasing delay, as there is typically a scale change that triggers the need for higher
financing, which may lead to delays T the commonly known valley o f death. The
also decreases as the status of the project approaches the operational phase.

Figure 6 - Delay rate based on TRL and Status, to be used in the medium and pessimistic scenario
(not modified by technology)

rate
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x  PESSIMISTIC

In the pessimistic scenario, it is assumed that projects are delayed, under the same

assumptions as the medium scenario, but some of the projects are cancelled. The
decision of cancelling a project is randomly generated, and the threshold for
cancellation is a function of the status of the project, modified by the TRL and the

technology. For the survey data, as there is information of the amount already
committed to finance the project, this is taken into consideration to calculate the

cancel th reshold.

Just like the delay rate, this threshold generally decreases along the TRLs. However,
for TRL 5 there is an increase in cancellation of projects, as many projects fail when
moving towards testing in open sea. The rate also decreases as the status
project approaches being operational.

of the

17
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Figure 7 - Cancel threshold based on TRL and Status, to be used in the medium and pessimistic
scenario (not modified by technology)
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and tidal stream with the published
1 and the 2016 *2 report.

Figure 8 - Wave and tidal stream scenarios comparison with published forecasts for 2017 -2020
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um to long term, and comparing with 2014 Status Report

forecast, the figures below look at the optimistic scenario for the period of 2013 to

2050.

1 Magagna and Uihlein,
2 Magagna, Monfardini, and Uihlein,
3 Magagna and Uihlein,

2014 JRC Ocean Energy Status Report
JRC Ocean Energy Status Report: 2016 Edition.
2014 JRC Ocean Energy Status Report




Market Study on Ocean E  nergy

Figure 9 - Wave optimistic scenario comparison with published forecasts for 2013 -2050
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Figure 10 - Tidal stream optimistic scenario comparison with published forecasts for 2013 -2050
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1.4  Scenario Analysis
As with the previous section, it should be noted that comparatively less information is
available for non -EU countries; therefore, the evolution of capacity and number of
projects outside the EU might be underestimated.
1.4.1 Optimistic Scenario
Under the optimistic scenario, about 3.9 GW of cu mulative installed capacity are

expected globally until 2030, given the current level of political support. Of these,
86.7% will be deployed in Europe, and will be tidal stream, tidal range and wave
(61%, 26% and 10% respectively). OTEC will contribute to a very minor extent.

The tidal stream energy capacity expected in 2030 is just under 2.4 GW, with 93%
deployed in Europe.

The biggest growth in new capacity is expected to occur in the short term, between

2018 and 2020, with 400 MW  ** expected to be deplo vyed, and only a few projects
slated to be decommissioned. After 2020 and until 2026, with 800 MW of new capacity

and only 20 MW decommissioned, the growth rate will be slightly lower than in the
previous period. From 2026 until 2030 there will be more acti vity, with 1.1 GW new
capacity installed and only 15 MW are expected to be decommissioned in that period.

Since most of the capacity will be installed in Europe, the trend in Europe follows the
global one ( Figure 11).

1 Projects with higher capacities are likely to have a staggered deployment, even when separ ated into
phases, with units becoming online at different times. This analysis does not cover staggered deployment
beyond phased deployment (10 -30 MW phases). This means that some of this capacity could also be spread

over a few years.
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In the case of tidal stream capacity, even though not modelled in this analysis, the
success of a few key projects, such as MeyGen and Cape Sharp Tidal may drive the
sector further, meani ng that some projects may happen sooner (especially those
slotted to 2025 -2030) and there might be a wave of hew entrants in the sector.

Figure 11 - Pipeline capacity: Optimistic Scenario 1 tidal stream
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The tidal range energy capacity expected in 2030 is just over 1 GW, all of which
operational, with 72% deployed in Europe. In this period, only 2 projects are expected

to be deployed in the optimistic scenario, to 320 MW in 2025 and 160 MW in 2030,
both in Europe (  Figure 12).

As with tidal stream, the success of a key project (Swansea tidal lagoon) can
accelerate the development of the sector, especially in the UK, where there are a few
projects lined up, which depend on the approval and success of the Swansea bay one.

Figure 12 - Pipeline capacity: Optimistic Scenario 1 tidal range
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The wave energy capacity expected in 2030 is just under 0.5 GW, with 87.5%

deployed in Europe. Considering the operational capacity, around 380 MW are
expected to be online in 2030.

Between 2017 and 2021, 130 MW are expected to be deployed, with only 15 MW
expected to be decommissioned in that period. After 2021, the growth rate slows
down until 2026, with only around 100 MW installed, and 24 MW decommissioned in
that period. From 2026 to 2030, there will be more activity, with 230 MW new

capacity installed. At the same t ime, up to 50 MW are expected to be decommissioned
in that period.

Since most of the capacity will be installed in Europe, the trend in Europe follows the
global one ( Figure 13).
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Figure 13 - Pipeline capacity: Optimistic Scenario i wave
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The OTEC capacity expected in 2030 is 28.5 MW, most of which operational and
deployed in Europe. In this period, a few small projects are expected to be
commissioned until 2019, but the medium term is dominated by a 16 MW project that

will see the light in 2020 and a 10 MW project in 2025. All the European projects are

set in overseas territories ( Figure 14).

Figure 14 - Pipeline capacity: Optimistic Scenario i OTEC
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Overall, the optimistic scenario is driven by tidal generation in the medium term T
especially tidal stream, as there are only two projects expected for tidal range.
However, these projects have a visible influence on the cumulative capacity. The

effects of OTEC are negligible, and the impact of wave energy is also low.

Although there are peaks and throughs in terms of new capacity, there is a consistent
rate of new deployments each year (Figure 15).

Figure 15 - New capacity by technology: Optimistic Scenario
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