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Risk Warning and Disclaimer

The information contained herein is prepared for general circulation and is intended to provide information only. It is not intended to be constructed as a solicitation for the sale of any
particular investment nor as investment advice and does not have regard to the specific investment objectives, financial situation, and particular needs of any person to whom it is presented.
The information contained herein is not to be relied upon as a basis of any contract or commitment and is believed to be correct but cannot be guaranteed and 350 PPM cannot be held
liable for any inaccuracies or omissions. Any opinions expressed in the report are those of the individual and not necessarily those of 350 PPM.

If in the course of reading 350 PPM’s (and its subsidiaries and sub brands) research, analysis and comment, individuals identify investment themes or opportunities, and contact the
underlying companies or product providers in regard to potential investment, before proceeding they should seek independent advice in regard to the suitability of those investments, in light
of their own circumstances. Investors should understand that the decision to proceed, having taken appropriate advice or not, is their own, and 350 PPM will accept no liability for the actions
of the individual.

350 PPM (and its subsidiaries and sub brands) do not and will not provide any financial advice. Our Sector Research, Trading Updates, Industry Comment and other associated comment
and documents are provided for information only and any action individuals take as a result of information provided, is of their own volition and responsibility. Individuals should remember
that should they decide to invest in the environmental sector, 100% of their capital could be at risk and tax treatment may vary. Please consider carefully all risks and taxation factors before
investing.

In particular, the information contained on this email is not intended for distribution to, or use by, any person or entity in the United Stated of America (being residents of the United States of
America or partnerships or corporations organised under the laws of the United States of America or any state of territory thereof) or any other jurisdiction or country where such distribution
or use would be contrary to law or regulations or which would subject 350 PPM (and its subsidiaries and sub brands) to any requirement to be registered or authorised within such jurisdiction
or country.

Should an individual invest in the environmental sector, he / she should be aware of the following: The value of his/her investment(s) and the income from them can fall as well as rise. An
investor may not get back the amount of money invested. Past performance and forecasts are not reliable indicators of future results. Foreign currency denominated investments are subject
to fluctuations in exchange rates that could have a positive or adverse effect on the value of, and income from, the investment. Investors should consult their professional advisers on the
possible tax and other consequences of holding such investments.

No representation or warranty is given as to the availability of EIS or any other form of investment tax relief. Since the requirements to fall within the EIS scheme must be monitored at all
times, it is possible that if the requirements are met today, they might not be tomorrow. Even if the respective companies management believe the company qualifies today and will use all
reasonable endeavours to ensure the company qualifies in the future for EIS or other tax relief, qualification can never be guaranteed and thus investors should be aware that their tax
treatment may vary.

The information contained herein is not intended to be passed to third parties without 350 PPM's prior content and may not be reproduced in whole or in part, without the permission of 350
PPM.

350 PPM Ltd is registered in England under company number 07647973. 350 PPM is not authorised and regulated by the Financial Conduct Authority (FCA).
Written July 2020.
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Introduction

Oceans cover 70% of the earth’s surface. Driven by earth’s
rotation and interaction with the sun and moon, this
immense mass of water is constantly on the move. This
motion, together with the thermal and chemical properties of
seawater, provide a vast and almost entirely untapped
source of renewable energy.

This report provides a brief introduction to the entertaining
topic of capturing energy from the oceans. Estimates
suggest this could cover the entire global electricity demand.

We begin by looking at the types of ocean resource that
exist, and the technologies that seek to exploit them. Our
focus in on wave and tidal as these are the closest to
commercialisation, though still largely in their demonstration
phase and uncompetitive with wind and solar.

We then zoom out and consider what role ocean energy
(OE) might find in the global energy system, both today and
in the future, as costs come down. We find that OE could
be useful both as a complement to, and in hybridised form
with, other on-grid renewables, though is likely to start out
mainly off-grid.

Finally, we look at market forecasts which suggest that 10
GW of OE capacity by 2030, and 100s of GW by 2050, are
possible. Where wind and solar have gone, there is no
reason why ocean cannot, to a notable degree, follow.
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Ocean Energy Types

For our purposes, OE is a term encompassing renewable energy
technologies that employ the kinetic, gravitational, chemical or
thermal properties of seawater. This definition excludes things like
offshore wind, offshore solar and marine biomass as these do not
use seawater directly.

These technologies are classified most broadly by the specific
ocean resource they seek to capture and convert into a more useful
form, typically electricity. These resources, ordered by descending
maturity of the associated technologies, are:

« Tidal range — oscillating change in the height of coastal
seawater due to the tides.

« Tidal currents — oscillating horizontal flow of coastal seawater

due to the tides. Also known as tidal stream (we use both terms).

* Ocean waves — oscillating 3D motion of the ocean surface
caused mainly by the wind.

+ Thermal gradients — difference in temperature between the
surface and deep ocean caused by solar heating.

* Ocean currents — unidirectional flow of water in the open ocean
caused by global wind, heat and salinity (saltiness) distributions.

« Salinity gradients — difference in salinity that occurs at the
boundary between sea and fresh water.

These resources vary in their predictability and variability. We
explore the properties of each resource, and the associated
technologies, in detail later. Our focus is on tidal and wave
technologies as these are the only ones on the cusp of
commercialisation (or already there for tidal range).
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Resource Potential

Whilst wave and thermal resources are theoretically available across large areas of the

oceans, others are more limited in the areas from which they can be harvested. Taking
this, and the energy inherent in each resource into account, it is possible to estimate the
worldwide energy potential for each resource. Figure 1, below, is one attempt at this.

Tidal (range and currents) - 1200

/1%

‘ Wave - 29,500
39%

Figure 1 — OE worldwide energy potential (TWh/year). Source: Ocean Energy Systems
(OES), 'An International Vision For Ocean Energy 2017’. Ocean currents not well known.

Salinity - 1650
2%

Total potential :
82,900 TWh/year

Thermal - 44,000
58%



https://www.ocean-energy-systems.org/publications/oes-vision-strategy/
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The total resource potential shown in Figure 1 - 82,900 TWh/year - is a
huge amount of energy, over 3 times the global electricity demand in
2019. Thisis one of the reasons people get excited about OE.

Note that much lower estimates exist; Figure 1 is a theoretical maximum
potential and says nothing about the practicalities of resource exploitation
on this scale. For example, the technology is not yet there to consider the
immediate, large-scale exploitation of many of the ocean resources.
Another caveat is that - assuming the technology exists - the available
resource is simply one factor to consider in establishing a location’s
viability. Figure 2, below, suggests some other important factors.

Navigation

Grid
connection

Other
sea users

Bathymetry Permits and
and geology legislation

Site
Wave . Stakeholders
resource Selection

Figure 2 - factors that go into site selection for an OE project (example uses
wave energy specifically). Bathymetry is the study of underwater depth.
Geology is important for some devices fixed or moored to the ocean bed.
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Figure 3, below, ranks countries by the opportunity present in their local wave and
tidal resources. The UK has great tidal and wave resources, as does France.

WAVE TIDAL
eto INNETETT] e T
Faroe Islands m United States
Greenland china [ 136748538
lceland Japan [ 125919659
Ireland France 66,553,766
New Zealand Chile 17,508,260
Ki:gr::: Norway 5:207,689
Canada Australia -22.751.014
France Indonesia -255.993.674
Madagascar Korea, South 49,115,196
Norway russia [ 142423773
Portugal Argentina -43,431 886
South Africa philippines [JJJJJj 100.908.376
Spain tretand [JJJJj 4892305
United States ingia [JJJJ 1.251.695.584

Figure 3 - ranking of countries by marine energy opportunity. Source: Highlands
and Islands Enterprise — ‘Marine Energy — Key Steps to Maintain a Great British
Success Story’. Ranking is based on quality and accessibility of resource (figures
show population, green indicates higher quantity and quality of available data).



https://ember.shinyapps.io/GlobalElectricityDashboard/
https://www.wavehub.co.uk/downloads/UK-marine-energy_SUCCESS-STORY.pdf
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Current Deployment

Compared to mainstream renewables such as wind and solar, current deployment of OE is very limited, with only ~0.5 GW deployed in total, an insignificant fraction of
all renewable energy capacity. See Figure 4. Most of this capacity comes from two large tidal range projects in France (240 MW) and South Korea (254 MW).
Beyond these projects, most deployments are for test purposes, rather than final commercial use. Wave and tidal current devices are often first deployed at one of the
~50 open sea test sites available around the world. To oversimplify, the cutting edge of OE consists of: (a) demonstration tidal current arrays, composed of a handful
of devices; (b) single demonstration wave energy devices, at either reduced or full size; (c) a few pilot projects for the other technologies.

Total deployed : Other—13.6 <. Thermal —0.23 Salinity — 0.05 Figure 4 —‘current’

535.1 MW / 3% worldwide OE deployment

(MW). Source: IRENA
(International Renewable
Energy Agenc

presentation.

Tidal Current- 10.96
81%

Tidal Range - 521.5
97%

~

Useful Links Resource, facilities and deployment: Concepts and developers:
UK Marine Energy Database Wave
Ocean Energy Systems’ ocean Tidal Current

resources and facilities map



https://www.youtube.com/watch?v=UQ5_IW9tGHA&feature=youtu.be
http://www.emec.org.uk/marine-energy/wave-developers/
http://www.emec.org.uk/marine-energy/tidal-developers/
https://www.renewableuk.com/page/UKMED2
https://www.ocean-energy-systems.org/ocean-energy/gis-map-tool/
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Wave Energy

Waves are generated primarily by wind blowing across the ocean surface. Their power is determined by the speed of the wind, its duration and the fetch - the distance
of open water over which the wind blows. In coastal waters, the depth and shape of the ocean floor (and coastline) also play a role. The most energetic wave
conditions are found at latitudes greater than 40 degrees from the equator, and off the west coast of continents, see Figure 5, below.

In comparison with wind and solar, wave energy has a much higher spatial energy concentration, with less potential for sudden changes in the resource. Although
there is daily and seasonal variation, waves arrive day and night, 24 hours a day. What variation there is — commonly higher waves in the evening and winter - ties in
neatly with patterns of electricity consumption.

Wave Motion

A single wave is conceptually easy to understand,
with its passing causing water molecules to move in
a circular motion as viewed from the side, with the
size and energy of these circles falling off
exponentially with depth. See Figure 6.

Wavelength

® < 5 kW/m
® 5-10kW/m

10 - 15 kW/m
® 15-20 kW/m
) 20 - 30 kW/m

30 - 40 kW/m
@ 40 - 60 kW/m
® >60kWm

Wave Orbital path
Trough of water
molecules

Figure 6 — diagram of an ocean surface wave. Figure 5 — global annual mean wave power distribution. Source: by Ingvald Straume - own work, CCO.



https://commons.wikimedia.org/w/index.php?curid=31768763
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Less easy to understand and predict is the motion of water molecules at any given point in the ocean. This is determined by the combined effect of all the waves
passing through. Waves can be of varying amplitudes (up to 30 metres high on occasion), wavelengths (up to 100s of metres for ocean swells) and directions, and
have randomness to their arrival pattern. This yields a complicated 3D motion. There are many ways for Wave Energy Convertors (WECS) to translate this motion into
the desired output, typically grid-compliant electricity. At the highest conceptual level, there are three types of WEC — (a) water moves a body whose motion generates
electricity; (b) water moves air whose maotion generates electricity; (c) water directly generates electricity (via hydro turbine). Devices can be further classified by
factors such as: how the initial ocean interaction is converted into electricity (known as the power take-off arrangement); whether they are fixed to the seabed or
floating; whether they are fully submerged or surface-piercing; how they are held in place (see methods), which is a more complex process than, for example, mooring
a ship; and where they can be deployed (onshore, nearshore or offshore), amongst others. Figure 7 shows some common types of WEC:

Point absorber - a structure consisting of a steady base

Reservoir ramp

= Wave direction Absorber and floating top. The relative motion of the top to the Overtopping
Water flow _\

unit base is converted to electricity. 1

Figure 7 — the common types of Wave Energy
Convertor (WEC). Image source: IRENA and EMEC.

Overtopping/terminator device - these capture water
as waves break into a storage reservoir. Electricity is
generated by dropping the captured water through a
conventional low-head hydro turbine.

Side view Attenuator - a segmented floating device which
Wind direction =) operates parallel to the wave direction, effectively riding
the waves. Electricity is generated from the relative
motion of the linked segments.

Oscillating water column - an air chamber (or several
chambers) with its lower end open to the ocean and its
top connected to the surrounding atmosphere via an air
turbine. As the waves oscillate within the chamber, air
is forced through the turbine, generating electricity. The
picture shows this arrangement fixed to the shore, but
these can also be floating devices.

Topiview

See animations



https://en.wikipedia.org/wiki/Swell_(ocean)
http://www.emec.org.uk/marine-energy/mooring-methodologies/
http://www.emec.org.uk/marine-energy/wave-devices/
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Continuing from the last page, the remaining common types of WEC are:

Oscillating wave surge convertor - an oscillating pendulum
that captures the ‘surge’ of passing waves, the component in
the direction of wave travel. One end of the pendulum is
usually fixed to the ocean floor. These tend to operate close to
shore where wave surge is stronger.

Bulge wave - a floating rubber tube filled with water, moored
and oriented in the direction of wave travel. Water enters the
tube at the stern. The passing wave causes pressure
variations along the length of the tube, creating a bulge. As the
bulge travels through the tube it gathers energy, which is used
to drive a low-head turbine located at the bow. The bulge then
returns to the sea.

'''''
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Cable to shore

Figure 7 — the common types of Wave Energy
Convertor (WEC). Image source: IRENA and EMEC.

Submerged pressure differential - these
use the pressure differential caused by
passing overhead waves to pump a fluid
through the system to generate electricity.
These are typically attached to the seabed
near to the shore.

Rotating mass - these floating devices
use the heaving and swaying motion of
waves to drive either an eccentric weight
or a gyroscope causes precession. In
both cases the movement is attached to a
electric generator inside the device.

See animations



http://www.emec.org.uk/marine-energy/wave-devices/
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As can be seen from the variety of designs in Figure 7, the wave sector is still
in its experimental phase. Figure 8 shows what type of WEC are popular with
the ~250 global wave developers. Point absorbers are the most popular but

Point Absorber

Other

Attenuator

Oscillating Wave Surge Converter
Overtopping/Terminator
Oscillating Water Column
Rotating Mass

Submerged Pressure Differential

Annual capacity additions (kW)

Bulge Wave

[=]
=
o
]
[=]
w
=]
=
o
v
=)
o
=1
~I
o
o
S

Figure 8 — count of wave device type used by wave developers, as tabulated
by the European Marine Energy Centre (EMEC).

there is a wide spread. Due to the range of different wave climates found
around the world, and interest in applications offshore, nearshore and onshore -
offshore offers the greatest potential in terms of resource, but is usually
associated with the largest installation and maintenance costs - there may
never be convergence on a single device type. We highlight the specific factors
that impact the commercial viability of different WEC designs in the case study
that follows. In general, the levelised cost of electricity (LCOE) of WECs — the
unit lifetime electricity cost - is higher than tidal devices and deeply
uncompetitive with solar and wind. We explore LCOE later.
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Figure 9 shows how the installed global wave energy capacity has developed
over the past decade (see Figure 4 for current active capacity). Figure 9
highlights the dominance that Europe — largely the UK — have had in the wave
sector to date. The UK has 29 known wave developers (not all of whom may
still be active), second only to the US. The UK benefits from excellent wave
resources, world-leading test facilities - such as the European Marine Energy
Centre (EMEC) - and industrial excellence in linked sectors such as offshore oil
and wind.

At this stage, most deployments are single demonstration devices, outputting
100s of kW to a few MW at peak, rather than the farms of multiple devices,
able to provide 10-100s of MW, envisaged in the future. As commercial entities
are, in general, not yet prepared to shoulder all the risk, device development
has been heavily dependent on grant funding.
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Figure 9 — installed and cumulative wave energy capacity. Source: Ocean
Energy Europe, ‘Ocean Energy - Key Trends and Statistics 2019’.



http://www.emec.org.uk/marine-energy/wave-developers/
http://www.emec.org.uk/marine-energy/wave-developers/
https://www.oceanenergy-europe.eu/wp-content/uploads/2020/03/OEE_Trends-Stats_2019_Web.pdf
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Case Study: HACE

As a way of illustrating some general points about competitiveness, in this section we look at HACE (Hydro Air Concept Energy), a French company developing a
floating WEC of the ‘oscillating water column’ type. See a video of how it works; diagrams on the next page. HACE has already developed and validated a 50-kW-
peak prototype. The next stage is the industrialisation of a 100-kW-peak module. Each module uses multiple water columns to capture wave energy efficiently. The
generation of non-intermittent electricity is enabled by multiple columns feeding a single air turbine. Modules can be combined like Lego into arms to form standalone,
commercial scale devices or, alternatively, modules can be integrated with other structures (examples shortly). Figure 10 shows the prototype and future plans.

La Rochelle sea % :
trials, 2018. A AES el Figure 10 — HACE's oscillating
o G o B el | water column device. Image
source for Figures 10-12: HACE.

. 20100 kW modules combined into a 2 MW commercial scale device


http://hacewave.com/en/
http://hacewave.com/en/technology/
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A rising wave compresses the air;
this is let out to drive a turbine.

A falling wave sucks in external
air, allowing process repetition.

Figure 11 — HACE operation.
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Competitive Attributes

Below we list some of the qualities that OE devices need to be useful and commercially competitive, and look at how these
apply to HACE. We focus on WECSs, but the broader points apply more generally. We also assume the only output is
electricity - some devices have different or additional outputs. There is often a trade-off between these qualities.

Low Visual and Environmental Impact

To get permission to build in the first place, especially close to shore, a device needs a low visual and environmental impact.
In general it is believed that OE — with the possible exception of tidal range - poses limited risk to sea life and habitats, though
the evidence is limited, given limited deployment. See the 2020 State of the Science Report for more. Addressing issues
more easily quantified, HACE’s device is less than 2.5 metres high — so has minimal visual impact - with a claimed lifetime
carbon footprint of < 1 gCO,e/kWh, less than any other form of generation.

Durable and Reliable

A device must be able to survive and continue operating in the harsh ocean environment for decades. This applies to the
overall structure, as well as the individual parts of the station-keeping and generation mechanisms. According to simulation,
HACE'’s structure is capable of withstanding, without damage, a perpetual storm lasting more than 50 years. For station-
keeping, HACE can employ a dynamic mooring system, if appropriate. This ensures that each arm maintains a constant
distance to the seabed, as long as the wave height is below a threshold level; above this level, the arm is allowed to move to
prevent damage. Other relevant HACE design features are included in the section on cost.

High, Consistent Electrical Output

A device must maximize the energy it transfers from the ocean into electricity, taking into account the variability of sea
conditions. This electrical output must be in the form required by the offtake grid (or other offtake). An output that is steady,
rather than constantly varying, is more useful and valuable. Achieving all these things can be challenging for WECs. The
HACE design segments the swell into "pixels" (i.e. water columns) to maximise capture across the wave spectrum, including
small and chaotic waves, which have traditionally been more challenging. HACE claim to be able to harvest energy from 91%
of the total wave spectrum, and from all directions. Conversion to electricity is optimised by using a specially designed air
turbine. As multiple water columns, with the wave at a slightly different stage in its cycle in each, all feed air into a single air
turbine, the electricity generated is described as non-intermittent. A capacity factor - average power generated divided by the
rated peak power - of approximately 70% is expected, though this will vary by location. This figure is far higher than usually
quoted for WECs - 30-40% is more typical. 70% implies generation of ~12 GWh/year for a 2 MW-peak device.


http://www.oceanenergysystems.org/documents/26417-2020-state-of-the-science-report.pdf/
https://www.carbonbrief.org/solar-wind-nuclear-amazingly-low-carbon-footprints#:~:text=The%20study%20finds%20each%20kilowatt,wind%20is%20also%204gCO2e%2FkWh.
https://en.wikipedia.org/wiki/Capacity_factor
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Widest Available Market

A device’s market potential is maximised if it is suitable for a wide range
of deployment scenarios and applications. Whilst some devices are
limited to and optimised for one deployment scenario, HACE’s solution is
described as a ‘hub’, aimed at supporting a wide range of activities
across deployment scenarios (meaning from onshore to far offshore).

This activity support primarily involves providing energy, initially in the
form of electricity, but also possibly in a secondary form, such as
hydrogen or ammonia. See our sector research on hydrogen for an
explanation of why this might be useful.

In addition to energy provision, HACE modules can also protect marine
assets from the sea. Marine assets include things like oil and gas
platforms, offshore wind turbines and harbours (more detail and
examples later). Protection is provided because the orbital movement of
water molecules is disorganised by the modules.

Figure 12 shows two examples of HACE modules being used for
simultaneous energy provision and asset protection. Both involve the
integration of modules with other structures.

For floating wind, HACE’s modular design enables fast and efficient
technology integration without constraining the type of turbine that can be
used. Such integration has a number of advantages - energy extraction
is maximised and intermittency potentially minimised from a given patch
of ocean, whilst certain costs - incurred with separate deployments - are
eliminated (no need for two separate links to the electrical offtake, or for
separate installation and maintenance). The stability of the turbine is
also improved, with reduced forces applied to the anchors, drastically
increasing the lifespan of the mooring lines.

Please note, we discuss the role of OE more broadly in a later section.

Wave Energy (7/8)

Figure 12 - two examples of HACE module integration with marine infrastructure for
asset protection and energy provision. Above, a marina with modules integrated into the
boundary. Below, floating wind turbines with modules integrated into their bases. The
combined wind-wave device can use a single cable for electricity export.



https://350ppm.co.uk/2019/08/sector-research-hydrogen-is-rocket-fuel-the-fuel-of-the-future/
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Low Cost

Finally, a device must provide the above qualities as cheaply as possible over its lifetime. Costis
minimised if materials and components are cheap, and if a device is easily manufacturable,
transportable, deployable and maintainable. Cost-reducing aspects of HACE'’s design and operation
include:

* The framework is made from a common, weldable, marine metal. Its assembly is sequenced to
allow the transition from human welders to robots with the same manufacturing process.

+ The framework has a lightweight honeycomb structure. This lowers: (a) material costs; (b)
transport costs; (¢) mooring requirements and costs; (d) wear and tear.

» The design has few components and therefore reduced failure modes.

» The turbine is specially designed for this application, reducing costs and increasing reliability.

* There is physical separation of seawater and moving parts (the turbine) to prevent damage.

» The water columns are self-cleaning to avoid interference from marine life.

* Modules are container-sized and therefore easily transportable on land and at sea.

» At sea, every stage of operation can be performed by small vessels (30 metres long, rather than
>90 typically), which are more readily available (and have lower emissions) than larger vessels.
Small vessels enable deployment to be carried out 10 times more cheaply than conventional
offshore nautical means. Deploymentis also rapid and uses limited personnel, reducing risk as
well as cost.

» For surveying coastal sites, autonomous (unmanned) vehicles can be used. These have no impact
on the site or risk for personnel. Deployment vessels could potentially be autonomous as well.

* For maintenance purposes, all components are accessible from above, on a dry and safe gangway.
A high level of redundancy ensures high availability, though, if necessary, key components are
easily swapped out without tools, by one person, without stopping or reducing energy production.

To recap, the levelised cost of electricity (LCOE) is the unit cost of a device’s electricity over its
lifetime. Ultility scale solar has a LCOE of ~30, onshore wind ~35, and offshore wind ~75 €/ MWh,
according to Lazard (2019, midpoints converted from dollars). At 2 MW scale, HACE estimates a
LCOE competitive with solar, which, if validated in practice, would be truly revolutionary. We say more
about LCOE later.



https://www.lazard.com/media/451086/lazards-levelized-cost-of-energy-version-130-vf.pdf
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Tidal Energy

The periodic changes in sea level known as the tides are caused by the gravitational interaction between the spinning earth, moon and sun. Though there are
exceptions, high and low tides occur twice a day at most coastal sites worldwide. Tides are entirely predictable, other than a weather overlay, meaning they provide an
equally predictable, if variable, source of renewable energy for us to exploit. There are two approaches to this - capture energy from the tidal range or tidal stream.

Tidal range is the difference in sea level height
between high and low tides at a given location.
This can vary each day depending on the location
of the sun and moon, and globally depending on
the coastal location. Tidal range is amplified at
certain geographic locations by the shape of the
coastline, and the shape of the ocean floor.

Figure 13 shows how the tidal range varies
worldwide. Large tidal ranges, such as in the UK,
hold the greatest potential for energy capture.

Tides are accompanied by an incoming (flood) or
outgoing (ebb) horizontal flow of water at the
coast. This flow is called a tidal stream or tidal MEAN DAILY
. . TIDAL RANGE
current. Tidal streams can be exceptionally strong oo B o1
in areas where large tidal ranges are further 20 [l o7
. 200 79
constrained by local topography. However, when 100 [ 71
the tides switch direction, there are periods of time vl
when there is little or no tidal stream. ;(7:) jj
i P g0 I 31
Figure 13 also suggests the general regions o N 2
40 16

where high potential tidal streams may be located.
Major tidal streams have been identified along the
coastlines of every continent, making it a global,

albeit site specific, resource (as is tidal range). Figure 13 — map of mean daily tidal range. Source: Minesto.
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https://minesto.com/ocean-energy
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Tidal Range

Unlike other OE technologies, certain forms of tidal range are mature, with decades of proven reliability in existing commercial projects. As shown in Figure 4, tidal
range accounts for most of the installed OE capacity worldwide.

Tidal range technology is based on conventional hydropower principles. It works by impounding a large body of tidal water; as the tidal height varies outside the
impounded area, water is discharged either into or out of the area through hydro turbines, thereby generating electricity. See Figure 14. Assuming generation on both
ebb and flow tides - not always the case - there are four opportunities for electricity generation per day.

Figure 14 — generating
electricity using tidal range.
Image source: Tidal Lagoon
Power.

Generating on the ebb tide Generating on the flood tide

The two existing tidal range plants impound the water using a tidal barrage, sited across the mouth of an estuary. For example, the French tidal power station in the
estuary of the Rance river has a 750 metre long barrage containing 24 bidirectional turbines. These provide a combined average output of 57 MW, with a peak output
of 240 MW, meaning a capacity factor of ~24%. In addition to energy generation, tidal barrages offer other uses such as flood control and a route for transport across
the estuary. Although suitable estuaries are a limited resource, an emerging alternative is to use enclosed basins that do not dam an estuary; these are called tidal
lagoons. These can be enclosed by coast on one side, or be surrounded by the sea on all sides. Multiple lagoons are also being considered as a way of generating
baseload (constant, always on) renewable electricity.

Although electricity generation can be cheap once constructed, and tidal range plants are expected to last over a century, getting them built is clearly a struggle. This is
mainly due to the high capital costs, though limited suitable locations and planning constraints - in part due to visual and environmental impacts (particularly of tidal
barrage) - do not help. In addition, most governments have incentivised the development of cheaper renewable energy sources over tidal range. The net benefits may
justify future tidal range development, particularly in combined applications (e.g. with flood control in mind). At this moment in time, however, most commercial activity
is focused on other ocean technologies.
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Tidal Stream
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In contrast to tidal barrage, tidal stream is an emerging technology which remains largely at the demonstration phase of its development. The tidal stream sector is
often compared with an earlier version of today’s wind sector, in part because the basic principles are similar, just using free flowing water to turn turbines (or otherwise
create electricity), not air. Due to the much higher density of water, the turbine blades can be smaller and turn more slowly, whilst still delivering an equivalent amount
of power. Unlike the wind sector, which has largely converged onto one design, the tidal stream sector is still experimenting with designs, many of which were wind
designs originally. Single devices typically have a peak output of 100s of kW to a few MW. The main types are:

Horizontal axis turbine - the
tidal stream causes a rotor to
rotate around a horizontal axis
and generate power. These
typically have 2-4 blades per
rotor. With 3 blades, this is the
classic wind turbine design.

Vertical axis turbine - the tidal
stream causes a rotor to rotate
about the vertical axis and
generate power. These typically
have 2-4 blades per rotor.

Enclosed tips (venturi) - these
use a funnel-like collecting device
to concentrate the tidal flow. The
concentrated flow may drive a
turbine directly, or the induced
pressure differential can drive an
air turbine.

=
=
=
=

Oscillating hydrofoil - these employ a
hydrofoil - water equivalent of an aerofoil
used by aeroplanes — to create lift. The
hydrofoil is attached to an arm. The tidal
stream causes the arm to oscillate up and
down. This repetitive motion is converted to
electricity.

Tidal kite - a tethered underwater kite that
looks like a small plane and has a turbine
below the wing. To increase the speed of
the water flowing through the turbine, the
kite automatically traces out a figure-of-eight
shape in the tidal stream.

Archimedes screw - a corkscrew-shaped
device that draws power from the tidal
stream as the water moves up and through
the spiral, turning a turbine.

Figure 15 — the main types of tidal stream
device. Image source: EMEC.

See animations



http://www.emec.org.uk/marine-energy/tidal-devices/

19 | Ocean Energy

Figure 16 shows what type of device are popular with the ~100 global tidal
stream developers. Figure 16 shows that tidal developers have converged
more onto one type of device — the horizontal axis turbine — than wave
developers (compare Figure 8), suggesting greater technological maturity.

Horizontal Axis Turhine

Other

Enclosed tips {Venturi)
Oscillating Hyd rofail
Tidal Kite

|
Vertical Axis Turbine _

]

1

]

u

u

Archimedes Screw

Figure 16 — count of wave device type used by wave developers, as tabulated
by the European Marine Energy Centre.

Beyond the basic type, tidal devices can be further classified, similarly to wave,
by factors such as: the power take-off arrangement; whether fixed to the
seabed or floating; whether fully submerged or surface-piercing; how the device
is held in place (see methods for doing this).

Factors impacting the commercial viability of tidal stream devices are similar to
those highlighted earlier in the wave case study. Again, the aim is to maximise
energy extraction at minimum cost. In general, the LCOE of tidal energy is
lower than wave (with marginally higher capacity factors expected), but is still
deeply uncompetitive with solar and wind. We explore LCOE later.

Tidal Energy (4/4)

An aspect of competitiveness unique to tidal is the speed and depth of tidal
stream in which a system can efficiently operate. Early designs required
strong tidal flows (2.5 m/s+) and shallow depths (25-50m). Newer designs are
targeting slower streams and deeper depths, which opens up the accessible
market by a factor of more than 10, according to tidal kite developer Minesto.

Figure 17 shows how the installed tidal stream capacity has developed over
the past decade. Figure 17 highlights the dominance that Europe — largely the
UK — have had in the tidal stream sector to date. According to the European
Marine Energy Centre, the UK has 26 tidal stream developers; USA, 22.

Several small arrays of tidal stream devices are already in operation, such as
the four turbine 6 MW MeyGen array, developed in the UK by SIMEC Atlantis.
Like wave, project development has been heavily dependent on grant funding,
but will need - and, subject to the performance of current arrays, may be able
to secure - commercial funding to scale up to ~100 MW arrays.
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Figure 17 — installed and cumulative tidal stream capacity. Source: Ocean
Energy Europe, ‘Ocean Enerqy - Key Trends and Statistics 2019’



https://minesto.com/ocean-energy
http://www.emec.org.uk/marine-energy/wave-developers/
https://simecatlantis.com/projects/meygen/
https://simecatlantis.com/
https://www.oceanenergy-europe.eu/wp-content/uploads/2020/03/OEE_Trends-Stats_2019_Web.pdf
http://www.emec.org.uk/marine-energy/tidal-developers/
http://www.emec.org.uk/marine-energy/mooring-methodologies/
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Other Technologies

Compared to wave and tidal, the other ocean resources — ocean currents, salinity gradients and thermal gradients — have less established technologies, with far fewer
companies working on solutions. We take a brief look at these in this section.

Ocean Currents

Currents flow in complex patterns around the
world’s oceans. These are driven by the latitudinal
distribution of winds, and by regional differences in
ocean temperature and salinity (earth’s rotation
also plays a role). Although often located at deep
ocean sites, ocean currents tend to operate most
strongly near the surface, see Figure 18.

Open ocean currents are generally slower than
tidal currents, but flow continuously (and usually
horizontally) in the same direction, with low
variability. Ocean currents do move seasonally,
however, and are being impacted by climate
change.

Ocean current flow can be captured using similar
hydrokinetic technologies as employed for tidal
stream. On the positive side, the continuous
resource potentially enables high capacity factors
(=70-95%) — getting on for baseload renewable
electricity generation — meaning increased energy
output and therefore a lower cost of energy.
Another positive - the scale of projects could
potentially be much larger than tidal stream.

On the negative side, the location, low speed and seasonal variability of the resource, as well as the lack of
resource mapping, all increase the technical and commercial difficulty.

Currently, there do not appear to be any ocean current devices in the water. Of the ~50 global open ocean
test facilities, only one is dedicated to ocean currents. It remains unclear how many ocean currents may
prove enticing enough to draw interest for project development. We note that a few companies, such as
Minesto, are actively targeting ocean currents as a secondary market for low speed tidal stream devices.
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of surface currents. Source: Minesto.
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https://minesto.com/
https://minesto.com/ocean-energy
https://minesto.com/ocean-energy
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Ocean Thermal Energy Conversion

The sun constantly adds heat to the upper layers of the oceans. This creates a useful temperature difference between the surface and seawater at depths below 1000
metres. This can be exploited for heating, cooling, desalination or conversion to electricity by various Ocean Thermal Energy Conversion (OTEC) processes. OTEC
requires practical temperature differences of at least 20 °C. These are principally found in the tropics, on either side of the equator, see Figure 19.

As shown in Figure 1, the theoretical global resource potential for ocean thermal energy is the highest among all the OE resources. However, the energy density of
OTEC systems is relatively low compared to wave and tidal. On the plus side again, although there is a slight seasonal variation in temperature gradients, the resource
can be considered continuously available and therefore with the potential to create baseload electricity. The temperature gradient is turned into electricity using some
form of heat engine. Figure 20 shows how this works for an open cycle OTEC, which produces potable water, as well as electricity.

First used in 1930, OTEC has only seen the development of a few pilot scale (10-100s kW) plants to date, though MW scale projects are in the pipeline. Commercial
use is envisaged to be at a scale similar to conventional thermal power generation (~100 MW). Plants could either be located at the coast, for example to provide
desalination, refrigeration or seawater air conditioning (SWAC), or exist offshore, perhaps even roaming around to produce, for example, hydrogen on demand.
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Figure 20 — How OTEC generates
electricity. This is the open cycle form of
Figure 19 — OTEC world distribution map. Source: OES, ‘An International Vision for Ocean Energy, 2017’. the process.
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https://testahemsidaz2.files.wordpress.com/2017/03/oes-international-vision.pdf
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Salinity Gradient Power

At the interface between sea and river water, the salinity changes significantly. This provides a chemical
potential which can be converted into electricity. As the salinity gradient is continuous, there is the
potential to generate baseload power, if cost-effective technologies can be created. Two concepts being
pursued are reverse electrodialysis and pressure retarded osmosis. Both processes rely on
osmosis, the movement of solvent molecules across a semi-permeable membrane into a region of
higher solute concentration.

Reverse electrodialysis involves the passage of charged particles across a stack of alternating cation
and anion exchange membranes, creating an electrical potential difference across the stack; this is
essentially a salt battery. With pressure retarded osmosis, water permeates through a semi-permeable
membrane from fresh to seawater sides, with electricity generated by depressurizing the volumetric
increase on the seawater side via permeated flow through a hydro turbine. The only waste product is
slightly salty water. See Figure 21. Neither of these - or other - salinity gradient technologies have
proceeded beyond small prototype plants. Expensive membranes are one barrier. Salinity gradient is
the least technologically mature of all the ocean technologies.
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https://www.researchgate.net/publication/254227070_Overview_of_pressure-retarded_osmosis_PRO_process_and_hybrid_application_to_sea_water_reverse_osmosis_process
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Ocean Energy Role

Having introduced the main types of OE, let’s take a step back and ask what
future role OE might play in the global energy system. First we recap and
expand on the key advantages of OE:

* Global renewable resource - some type of ocean resource is available
on all continents, offering energy security and independence, emissions-
free.

* Minimal use of land - land is a scarce resource in densely populated
costal regions - 75% of humanity are situated less than 20 km from the
coast. Unlike onshore renewables, most types of OE use limited land.

* Limited risk to marine environment - though the evidence is limited,
most OE types are believed to pose minimal risk to sea life and habitats
(tidal range a possible exception).

* Limited visual impact - some devices are located under the ocean
surface or over the horizon, or otherwise have minimal visual impact from
the shore.

» Energy-rich resource - those devices that exploit moving seawater
benefit from a high energy density resource in comparison with wind and
solar.

» Predictable output - ocean resources range from partially to highly
predictable. The linked electrical output is equally predictable. Whilst
there is unpredictable intermittency associated with some ocean
resources, there is less potential for sudden changes in the resource
compared with wind and solar.

* Renewable baseload electricity - some of the more experimental types
of OE may one day be able to produce baseload electricity. In
combination with energy storage, this could apply to all types.
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Initial Role

OE is, in general, currently far too expensive to directly compete with conventional grid-connected renewables. It is
therefore likely to start out in niche applications - where particular synergies exist — and off-grid applications — where
alternative generation options are often more limited, more expensive and more polluting. Some example starter
markets, many of which are already being actively pursued, include:

» Island and remote coastal communities - providing power in place of fossil fuel powered generators, or instead of
or together with other - more unpredictable and intermittent - renewables.

* Oil and gas platforms - providing power, including for the electrolytic production of hydrogen.

» Desalination, refrigeration and seawater air conditioning - providing electricity to power these services, or
providing these services more directly using OTEC.

* Mining - powering coastal and subsea mining.

+ Coastal marine infrastructure (port/marinal/etc.) - powering shore operations and docked vessels.

« Aquaculture - powering seafood farms, potentially far offshore; we explore this entertaining example later.
« Data centres - powering floating data centres; these benefit from free cooling provided by the seawater.

« Offshore renewables (in hybridised form with) - see section below.

As we noted earlier, in addition to energy generation, the wave devices of our case study company HACE can also
provide protection from the sea for marine assets such as those included above.

Fully Integrated Role

As the technology matures, costs will inevitably come down - as we detail later - meaning the advantages of OE can
come to the fore. From an electricity system point of view, OE provides another clean way of balancing supply and
demand. Importantly, ocean technologies have different generation profiles to traditional renewables — they generate
at different times and with different variability. They can therefore act as a complement to, rather than necessarily
competing with, other grid-connected renewables. Simply put, we are more likely to be able to completely decarbonise
the energy system with OE than without it. The prospect of baseload renewable electricity is particularly enticing.

Taking integration with other renewables one step further, several companies are currently looking at hybridising wave
energy with floating wind on the same site. We explained why this is a neat idea in the earlier case study.
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Wave Energy for Food Generation, CO, Capture

In this section we outline one of the more intriguing and ambitious applications
that low cost wave energy opens up. This early stage concept comes from
WHALE, partner of wave energy company HACE (see earlier case study).
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As we stated earlier, the ocean covers 70% of the planet’s surface. However,
90% of this is effectively a ‘desert’ with limited marine life. This is because the
organisms on the lowest rung of the marine food chain — phytoplankton - who

grow by photosynthesis, cannot get established. See Figure 22.

Photosynthesis requires the presence of both light and certain nutrients (e.g.
nitrogen, phosphorus and iron). However, in the open ocean these nutrients
are not available at the shallower depths that receive sufficient light. This
means no photosynthesis, no plankton, and no higher marine life.

Ocean Energy Role (3/3)

Thankfully, these important nutrients are available in the open ocean at greater
depths. If these can be brought closer to the surface - a process called
upwelling which happens naturally near the coast - then the entire web of
marine life can be kick-started.

This is where wave energy comes in. It can provide in situ power to transfer
the nutrients from deep to shallow water artificially. This can be done using
conventional air bubbling equipment (used for decades in water tanks),
adapted for very large and deep volume.

The anchored WHALE system consists of: (a) this adapted air bubbling
equipment; (b) ropes at the surface, to foster a seaweed culture and serve as
a fish attracting device; (c) a connected buoy to monitor performance. The
phytoplankton from the bubbling process, together with the seaweed at the
surface, provide a direct feed source for higher marine organisms. These are
farmed and harvested for profit.

Starting in shallower water (300-500m deep), the ambition is to install 100,000
systems, in groups of 100 system farms, over the coming decades. At this
scale, approximately 100 Mtons of seafood, with a value of $100B, could be
sustainably produced a year. This is approximately half the size of the current
seafood market, approximately half of which comes from wild capture, an
increasingly unsustainable practice.

In addition, at this scale approximately 10 Btons of CO, could be stored in
plankton (more accurate figures would include other factors in the carbon
accounting). This is carbon capture on a scale which could make a significant
difference to climate change, and at essentially no cost, as it is a happy side
effect of the process. Most other forms of carbon capture are likely to be
unfeasibly expensive on this scale.

Clearly this idea will be very challenging to pull off, and, on further
investigation, may not turn out to be feasible. However, without cheap in situ
power, of the type HACE can provide, this will never get off the ground.
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Market Forecast

Having laid out qualitatively the future role that OE might play in the preceding
section, in this section our speculation turns more quantitative. How far and
fast can OE grow from its near zero base (Figure 4) towards its lofty potential
(Figure 2), and what are the barriers? The 2019 starting point is summarised
in detail in Ocean Energy System’s (OES) annual report *.

Current Pipeline

Ouir first clue is projects currently in the pipeline, which according to a recent
reckoning by IRENA (International Renewable Energy Agency), amounts to
almost 3 GW, with half of this in Europe (includes UK). See Figure 23, below.
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M Asia-Pacific Figure 23 — OE pipeline capacity mid 2020 (MW).

M Middle East and Africa
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Source: IRENA (International Renewable Energy
Agency) presentation.

IRENA do not distinguish by resource type, but we assume this is majority tidal
with wave making up most of the remainder. As illustrated somewhat comically
in Figure 23, 3 GW of new capacity would dwarf the current active capacity,
suggesting explosive near-term growth.

26 | Ocean Energy

Challenges

There are a host of technical, economic, environmental, social and
infrastructural factors that can present barriers for any given OE project, and
therefore the sector as a whole. We highlighted some previously in Figure 2,
and in the Case Study, and explore the role of costs and government further
below. A more detailed exploration of barriers to development and deployment
can be found in this IRENA report.

Reducing Cost

Of the things of which it can control, the sector needs to prove and improve
reliability, performance and costs, all of which are interlinked and reflected in
the LCOE. Some designs will fall by the wayside during this process, allowing
money to be funnelled into the surviving designs.

To recap, utility scale solar has a LCOE of ~30, onshore wind ~35, and offshore
wind ~75 €/ MWh. In general — and putting aside HACE - the LCOE of current
pre-commercial wave and tidal devices are 1 to 2 orders of magnitude above
this, with wave more expensive than tidal.

According to OES, based on responses from developers in 2015, the LCOE is
expected to drop rapidly as devices are deployed in pre-commercial and then
first commercial arrays. For the first commercial array, the LCOE is forecast at
~110-240 for tidal, and ~100-400 for wave (€/MWh). The LCOE inputs can be
found in the Appendix. Subsequently, OES expects costs to drop further,
following a standard learning curve. Wind and solar PV managed a roughly
15% and 20% drop in costs per doubling in capacity, respectively. Ocean
learning curve estimates are given in the Appendix.

* OES is a technology collaboration programme which operates under a framework established by the International Energy Agency (IEA). Visit their website.



https://www.etipocean.eu/assets/Uploads/oes-annual-report-2019.pdf
https://www.irena.org/publications/2014/Aug/Ocean-Energy-Technologies-Patents-Deployment-Status-and-Outlook
https://www.youtube.com/watch?v=UQ5_IW9tGHA&feature=youtu.be
https://www.ocean-energy-systems.org/
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To recap and expand on earlier points, LCOE can potentially be reduced by the following:

» Better resource analysis and forecasting. X
A

*  Optimising site selection.

* Fundamental design modifications.

* Recruiting related supply chains, such as oil and gas, offshore wind, shipping and aquaculture.
+ Standardisation of components, e.g. power take-off, foundations and moorings.

* Manufacturing at scale.

+ Deployment in arrays.

* Integration with other technologies, such as offshore wind.

» Operational efficiencies: installation, maintenance and recovery.

» Performance data gathering for improved reliability and availability.

NS

Government Policy

Of the things out of its control, government policy is key for the sector. Government policy towards OE ranges from
indifferent to actively supportive. A summary of the policy in each country can be found in OES’s 2019 annual
report (which also looks at deployments). Although the introduction of net-zero emissions legislation in a growing
numbers of countries is a positive, policy is often focused on other, cheaper renewables. IRENA would like
countries to explicitly include OE in country energy roadmaps — often not the case - and then to establish clear
policies to achieve the energy targets established therein. They see a need for a mix of innovative funding
schemes and revenue support. The relevant legal and regulatory framework is another key area for governments
to address.

In the UK, grant funding, excellent test facilities and other factors have helped push the sector close to
commercialisation. However, without revenue support, it may still struggle. OE can - in theory at least - compete
for CfD (Contracts for Difference), a government guaranteed price for future electricity generation. In practice
though, it has to compete against offshore wind, so is effectively frozen out of this mechanism (proposed changes
may help). Offshore wind also has an explicit government sector deal. OE does not.

Unlike the UK, some countries are offering targeted revenue support. For example, the Canadian province of Nova
Scotia (~€350/MWh) and China (~€330/MWh) both have a Feed-In Tariff for tidal stream. This works as a top-up
amount per unit of electricity generated.



https://www.etipocean.eu/assets/Uploads/oes-annual-report-2019.pdf
https://www.gov.uk/government/consultations/contracts-for-difference-cfd-proposed-amendments-to-the-scheme-2020
https://www.gov.uk/government/publications/offshore-wind-sector-deal/offshore-wind-sector-deal
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Long-term Forecast

Assuming the challenges mentioned in the previous section can be overcome - and a
healthy pipeline suggests the sector is making progress - what sort of growth can realistically
be expected for OE? Let’s look at a few viewpoints...

Some sector advocates simply suggest that OE will supply a certain percentage of the global
electricity supply by a certain date. 10-20% by 2050 is commonly floated. For comparison,
wind and solar combined provided about 8% of electricity supply in 2019.

Turning to energy organisations, IRENA forecasts 10 GW of worldwide OE capacity by 2030
(source same as Figure 23), 30% of which is already in the pipeline. OES sees a potential
to develop 300 GW of wave and tidal by 2050, and possibly as much again from OTEC.
They suggest this could create 680,000 direct jobs by the same date and require investment
of over a trillion dollars. Areas with the best resource, such as the UK, will be the main
beneficiaries. National Grid’s Future Energy Scenarios 2020 sees up to 10.5 GW of OE for
the UK by 2050.

As for OE hardware developers, some like to compare themselves with their wind turbine
equivalents. This is not completely unreasonable, especially for offshore wind with tidal
stream, though the extra difficulties of generating under rather than above water makes the
comparison imperfect. The implication (hope) is for a similar rate of rapid growth going
forward that the wind turbine industry has experienced historically. The wind turbine market
— onshore and offshore combined — is today worth almost $50 billion annually. Vestas is
currently the market leader and is reporting annual revenues of $10+ billion.

Using a 10% of European electricity supply by 2050 expectation, our case study company
HACE puts the value of sales to provide this scale of electricity using their wave devices at
€600 billion. This gives another idea of the potential scale of money involved.

To summarise this report in a sentence...the resource is vast and untapped, progress is
being made towards mass commercialisation, and the creation over the coming decades of
an industry of significant scale is a distinct possibility. We are certainly enthusiastic about
the sector and recommend investors take a closer look.


https://ember-climate.org/project/global-power-2020/
https://testahemsidaz2.files.wordpress.com/2017/03/oes-international-vision.pdf
https://www.nationalgrideso.com/future-energy/future-energy-scenarios
https://www.windpowerengineering.com/global-wind-turbine-market-value-estimated-at-47-83bn-by-2022/
https://www.vestas.com/
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Appendix — LCOE Estimates

Deployment . Wave Tidal OTEC
Variable = - .
Stage Min Max! Min Max Min Max
Project Capacity
(MW) 1 3 0.3 10 0.1 5
Firstarray/ —  cappx ($/kw) 4000 | 18100 | 5100 | 14600 | 25000 | 45000
First Project?
OPEX ($/kW per year) L) 1500 160 1160 800 1440
Project Capacity
(MW 1 10 0.5 28 10 20
Second CAPEX ($/kW) 3600 | 15300 | 4300 | 8700 | 15000 | 30000
::;“:{ . OPEX ($/kW per year) [JEGD 500 150 530 430 950
Project Availability (%) 85% 98% 85% 98% 95% 95%
Capacity Factor (%) 30% 35% 35% 42% 97% 97%
LCOE ($/MWh) 210 670 210 470 350 650
Project Capacity
(MW) 2 75 3 90 100 100
First CAPEX (S/kW) 2700 9100 3300 5600 7000 | 13000
Commercial- | OPEX (S/kW per year) 70 380 90 400 340 620
scale Project  Availability (%) 95% 98% 92% 98% 95% 95%
Capacity Factor (%) 35% 40% 35% 40% 97% 97%
LCOE ($/MWh) 120 470 130 280 150 280

The above table is taken from the Executive Summary of OES’s 2015 report on the LCOE of
ocean technologies. lItis slightly dated now, but is an interesting source nonetheless. For the full
context behind this table, and what the superscripts mean, see the original source.

The graphs to the right show one attempt at estimating the learning curves of wave and tidal (how
the cost varies with deployment). These graphs are from OES's 'An International Vision For Ocean

Energy 2017’ report, but appear to be using data from the 2015 report mentioned above.
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https://www.ocean-energy-systems.org/documents/65931-cost-of-energy-for-ocean-energy-technologies-may-2015-final.pdf/
https://www.ocean-energy-systems.org/publications/oes-vision-strategy/
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