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CHAPTER 12

Power Generation from Tides and Waves

Dhruy Bhatnagar, Danielle Preziuso, and Rebecca O’ Neil
with contribution by Jan Alam, Saptarshi Bhattacharya
and Sarmad Hanif

1 INTRODUCTION

Ocean waves and tides have the potential to supply a significant portion of the
world’s energy needs. Water is denser than air, ocean forces are powerful, and
significant population density and corresponding electricity loads occur near
ocean environments around the world. Yet commercial development of energy
capture technologies from marine resources has been limited to date, generat-
ing only 1.2 TWh of electricity across the globe in 2018 while global electricity
demand was 23,000 TWh (International Energy Agency 2019a, b).

Currently, cost and technology uncertainty of marine energy devices remain
the primary barrier to expansion. However, as renewable energy technologies
mature and become more viable through policy intervention, economic devel-
opment, generation incentives, and robust research and development pro-
grams, marine technologies increasingly hold promise of commercialization.

This chapter discusses the development of marine energy projects to date,
economic factors for deployment and operations, and commercialization path-
ways for the future. While marine renewable technologies include a range of
devices such as ocean thermal conversion technologies and ocean current
devices, the chapter focuses on the wave and tidal energy sectors.
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2 RESOURCES, TECHNOLOGIES, DEPLOYMENTS

Tidal current energy capture devices and wave energy converters (WECs) can
vary greatly in design, scale, stage of development, and technology readiness
level. Given this range, the most useful common references for economic
potential are tidal and wave energy resource characteristics and occurrence.

2.1 Tidal Curvent Devices

Tidal current is generally driven by the Earth’s rotation, the relative positions
of celestial bodies to the Earth, and local bathymetry (i.e., ocean depth and
topography). Tidal currents are bi-directional but generally one-dimensional,
as a given tide typically ebbs and flows along one vector. Tidal devices may be
mounted to the ocean floor and elevated to the current or may be suspended
from the surface. Ultimately, the amount of energy that can be harnessed is
dictated by the velocity of the tidal current.

The simplest and most dominant form of a tidal current device is the hori-
zontal axial-flow turbine, which roughly resembles a horizontal axis wind tur-
bine and operates in a similar manner. A variety of other device types are being
developed, including tidal kites, oscillating hydrofoils, ducted turbines and
screw turbines (Roberts et al. 2016; U.S. Department of Energy 2015). All of
these technologies differ from tidal barrages, which are configured to extract
energy from changes in tidal elevation rather than the horizontal current of
tides, and have been in commercial use for decades.

Due to the nature of the resource, tidal energy is considered variable but
highly predictable in its variability, unlike other renewable resources (e.g., wind
and solar), which require extensive short-term forecasting and energy reserves
to compensate for weather conditions. Tidal patterns are generally sinusoidal
but can show great variation in intensity and pattern within short distances.
Less than 20 miles apart, the maximum velocity at Admiralty Inlet, Washington
(Northwest USA) can be more than double the maximum velocity at Sequim
Bay, Washington over the course of a day and display significantly different
resource patterns over time as shown in Fig. 12.1.

2.2 Tidal Curvent Device Deployment

Although tidal devices have not been deployed at utility scale, there have been
successful grid-connected deployments and prototype tests. The most devel-
oped tidal stream turbine installation to date, SIMEC Atlantis Energy’s SeaGen
device, was installed in Strangford Lough, Northern Ireland, United Kingdom
and connected to the grid in 2008 (MacEnri et al. 2013). Over the course of
its lifetime, the 1.2 MW system produced over 11.6 GWh of electricity, which
ESB Independent Energy bought through a power purchase agreement before
the device was fully decommissioned in 2019 (SIMEC Atlantis Energy 2019;
Renewable Technology 2017).
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Fig. 12.1 Tidal current velocity [m/s] at Admiralty Inlet and Sequim Bay in
Washington, USA. Data are from the Assessment of Energy Production Potential from
Tidal Streams in the United States (Haas et al. 2011)

The European Marine Energy Centre (EMEC) has hosted and tested several
prototypes in recent years, including Orbital Marine Power’s SR2000 tidal tur-
bine, which was launched at the facility in 2016. During its first 12 months of
operation at EMEC, the 2 MW floating twin-turbine system produced over
3 GWh of electricity (Orbital Marine Power 2020). Pilot projects have also
taken place in North America, with Sustainable Marine Energy testing its
280 kW PLAT-I tidal energy platform in Grand Passage, Nova Scotia in
February of 2019. The project has successfully generated electricity with no
noticeable negative marine wildlife impacts to date. It is however not con-
nected to the grid (Sustainable Marine Energy 2019a).

In September 2019, Sustainable Marine Energy announced that it had been
awarded a license by the Nova Scotia Department of Energy and Mines to sell
power via a power purchase agreement to Nova Scotia Power. The company
anticipates the development of 9 MW of tidal capacity in the Bay of Fundy in a
joint venture with Minas Tidal LP (Sustainable Marine Energy 2019b). The
Faroe Islands’ electric utility, SEV, awarded a power purchase contract to
Minesto in November 2018 to deploy two installations of its tidal kite devices.
The European Commission’s SME Instrument Programme in June 2019
issued a €2.5 million grant to Minesto and SEV to support the installation of
the devices (Minesto). As of April 2020, all siting permits have been approved
for the two tidal kites in Vestmannasund as part of the Deep Green Island
Mode Project (Minesto 2020a).
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2.3 Wave Energy Converters

Waves are a fundamentally fluctuating energy source. Ocean surface waves are
created by the movement of wind over the ocean. Once produced, they can
travel large distances. When they arrive at a location far from the area of pro-
duction, they are called swells. While waves express high variation between
their peak intensity and average intensity, they also display seasonal patterns.
The behavior of ocean waves is classified by amplitude, phase, and
directionality.

Unlike tidal energy devices, there is a variety of WEC designs (Falcao 2010;
Drew et al. 2009). Point absorbers, oscillating wave surge devices, attenuators,
and oscillating water columns are among the most common device classifica-
tions, with the first three technology types often consisting of one or more
bodies that generate power from the wave-induced relative translation motion
and/or rotational motion between the body and a reference frame (e.g., sea-
bed). Oscillating water columns differ from these devices in that they instead
consist of a column of air trapped on top of a column of water; the rise and fall
of the water column due to incident waves pushes the air through a turbine,
thus generating power. Most devices are wave-to-wire, generating power
within an individual device, then aggregating within an array and sending
power to shore via an export cable. Other hydraulic devices are designed for
near-shore environments and they pump water to onshore power generation
equipment.

2.4  Wave Energy Converter (WEC) Deployment

As with tidal current devices, WECs have not yet reached commercial develop-
ment, yet a variety of WECs have been deployed and tested around the world,
many of which have been connected to local grids. In 2011, the Spanish utility
Ente Vasco de la Energfa supported the deployment of a 300 kW oscillating
water column system integrated with the breakwater of the harbor in Mutriku,
Spain. The system was also the first multi-turbine WEC system tested in the
world (International Energy Agency—Ocean Energy Systems 2016). In
Australia, Carnegie Clean Energy has deployed several successful pilots. The
Perth project oftf Garden Island included three fully submerged buoys that
were connected to the grid and operated continuously for 12 months. The
project incorporated a desalination plant to produce freshwater (Carnegie
Clean Energy), and the Australian Department of Defence contracted for the
electricity generation under a power purchase agreement (Sawyer 2017).
North America has also seen grid-connected WEC deployments. The first grid-
connected device in the United States was an 18 kW Azura technology deployed
by Northwest Energy Innovations at the U.S. Navy’s Wave Energy Test Site in
Hawaii in 2015 (Whitlock 2015).
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3 CosT DRIVERS

3.1  Technology Cost Drivers

Anticipated deployment costs for wave and tidal devices are relatively high to
other existing generation technologies. As described above, deployments have
consisted of small-scale projects or pilots intended to test technologies in the
water, their electricity production, interaction with the marine environment
and integration into power systems. Device development for projects is a cus-
tom process, introducing construction costs and delays without manufacturing
standardization, supply chain alignment, or cross-over with maritime sector
applications for economies of scale and availability.

The marine operating environment introduces specialized hazards, which
accordingly introduces novel and unavoidable costs. Saltwater contains miner-
als that can corrode materials and coatings. Aquatic life will interact with the
deployment, raising environmental concerns and triggering regulatory require-
ments. Wave energy devices are intentionally mobile with exposed mechanics
and changing levels of submersion. Tidal and wave devices will require special
protections with advanced coatings, corrosive resistant materials, or protective
casings. Deployment in the ocean can be limited due to customized supply
chain, specialized vessels and equipment, and limited operational windows.
Technology developers must design devices to withstand strong and multi-
directional forces. Research and development programs across the world have
promoted strategic investments to drive down these costs (U.S. Department of
Energy 2019b; International Energy Agency 2019b). Individual wave energy
conversion devices must be built for a significantly higher power output capac-
ity than their average power output to handle the natural fluctuation in wave
intensity (Yu et al. 2018).

3.2 System Costs: Levelized Cost of Electricity

The levelized cost of electricity (LCOE) is the most common metric for com-
paring the cost-benefit of different energy generation technologies. For exam-
ple, the often-cited Lazard estimates compare technologies on an LCOE basis
(Lazard 2019). Compared to simple representations like installation cost per
unit of rated power, LCOE offers a more holistic representation of an energy
project by considering actual generation.

The LCOE metric creates a ratio between the present value of a project’s
lifetime costs and the amount of energy that the project will produce through-
out the project’s lifetime. LCOE is in units of currency per amount of energy,
or in the United States, dollars per kilowatt hour. It is calculated as (Fig. 12.2):

The metric recognizes that project costs vary over time and that the siting of
renewable energy projects dictates resource strength and energy available. The
differences in energy production impact the denominator of the LCOE equa-
tion: the more energy the project can produce each year, the lower the cost of
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LCOE — cost to generate (capital and 0&M over project lifetime)

total amount of energy generated

Fig. 12.2 Simple formula for Levelized Cost of Energy

electricity becomes. LCOE has largely been the metric of choice when govern-
ments consider incentivizing new technologies and it is a primary screen for
gauging which innovative technologies are nearing commercial viability and if
they can be considered for out-year investment.

LCOE estimates for small and early developments of tidal current and wave
energy projects are within the range of $400/MWh to $800/MWh for tidal
(Jenne et al. 2015; TEA-OES 2015) and $250/MWh to $2000/MWh for
wave (IEA-OES 2015). This can be compared to $49 /MWh for solar, $57/
MWh for wind and $119/MWh for combined cycle natural gas power plants
sited in California (Neff 2019).

The highly variable range of wave and tidal LCOE values is mirrored in the
estimates used by the electric utility sector in planning documents. From a
review of U.S. utility integrated resource plans (IRPs), with values escalated to
2019$ U.S., tidal and wave sectors both have over 6-to-1 cost ratios from the
lowest to the highest. The range for offshore wind is lower at 5-to-1. This
range is still expressed with very few data points: tidal values only have 4 obser-
vations from which to generalize, while there are 8 observations for offshore
wind and for wave energy. See Fig. 12.3.

Estimated LCOE for tidal and wave devices is higher by an order of magni-
tude relative to other generating resources. As tidal and wave devices are not
yet commercially available, and as evidenced by the broad range in value, these
cost estimates remain guesswork and are not considered reliable comparators
or gages for future levelized costs. Both solar panels and wind turbines in the
early stages of development had similarly high levelized costs. In 2010, the
global weighted average LCOE of utility-scale solar photovoltaic (PV) was
approximately $370/MWh. Since that time, the levelized cost has dropped by
77% (IRENA).

Research has shown potential for wave energy devices to be co-located with
offshore wind plants, as the generating resources can be complementary and
co-location reduces the cost per energy generation for both resources (Reikard
et al. 2015; Chozas et al. 2012). Similarly, energy storage is particularly well
suited for pairing with tidal energy projects. Tidal energy’s inherent predict-
ability and periodicity lend itself well to coupling devices with a limited amount
of storage. Hybridization with energy storage has the potential to change the
competitiveness of a tidal project by decreasing the fluctuation in power output
over time; however, introducing storage increases project costs and slightly
reduces the net energy produced onsite due to round-trip efficiencies (Zhou
et al. 2013; Ben Elghali et al. 2019).
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Fig. 12.3 LCOE (converted to $2019) for tidal generation, wave generation, and
oftshore wind as reported in U.S. utility integrated resource plans (IRPs). Points are
partially transparent such that darker points represent more than one IRP reporting an
LCOE of the indicated value. (Cooke et al. 2020)

While LCOE is widely used and covers a renewable energy project’s eco-
nomic lifetime, it represents an incomplete picture of the value of a particular
energy project. LCOE fails to capture a range of other potential value streams
that generators supply, most notably services critical to the operation of the
grid (The University of Texas at Austin Energy Institute 2020; Ueckerdt et al.
2013). In the past, when the energy system was composed of entirely dispatch-
able resources—where output could be modulated to meet load and technol-
ogy attributes varied little (i.e., large central scale power plants that operated
for decades and required similar amounts of land and fuel supplies)—LCOE
was an appropriate metric to directly compare across technologies. Today,
there is an increased recognition of the range of technology attributes and dif-
ferentiators, as well as contributions to grid reliability beyond simple energy
that need to be measured and accounted for.

On a simple cost basis, an energy project in the ocean will always be chal-
lenged to appear competitive with a land-based energy project. The economic
competitiveness of tidal and wave energy resources to future electric grid



202 D.BHATNAGAR ET AL.

conditions is better evaluated, then, by these resources’ unique values and attri-
butes rather than its costs alone. In order to review potential future develop-
ment markets and economic opportunities, the remainder of this chapter
discusses unique or competitive value that tidal and wave energy devices can
provide to global energy systems.

4 EcoNnomic VALUE: RELEVANT MARKETS AND APPLICATIONS

While operation in a marine environment has cost implications, in certain mar-
kets this attribute of wave and tidal resources may provide a competitive edge.
Opportunities for development may exist in a wide variety of markets, particu-
larly remote and island communities, military bases, and constrained grids and
grids with high contributions from renewable energy sources. Further, mari-
time applications, may also provide market opportunities.

4.1  Remote and Island Communities

Tidal and wave development are more promising in locations where the cost of
electricity is high and access to a consistent fuel supply (e.g. diesel fuel) is chal-
lenging. These are often remote and island communities with small grids.

Island and coastal communities are often at the forefront of climate impacts
and have a strong driver to move to cleaner energy sources (Dornan and Shah
2016). Beyond providing clean energy, the development of renewable resources
in remote communities can have benefits in job creation, economic develop-
ment, and emissions reductions (Shirley and Kammen 2013). Tidal and wave
resources can help avoid the impacts of fossil fuel use and address challenges
associated with other renewable technology integration (i.e., solar or wind vari-
ability, intermittency and a lack of predictability). Research suggests that marine
energy resources can avoid transmission investments to remote, coastal loca-
tions (Robertson 2010; Moazzen et al. 2016); that as a predictable resource,
marine energy would require a fraction of associated integration costs and sup-
port the integration of other resources; and that to achieve high physical pen-
etration levels of renewable energy, winter peaking resources with seasonal
variation such as marine energy could be valuable. The use of marine energy in
a portfolio increases resource diversity, reducing vulnerability to grid and fuel
supply disruptions and exposure to fuel price volatility.

The following examples highlight the unique value associated with tidal and
wave devices and illustrate broader potential market opportunities.

4.2 Favoe Islands (Resource Complementarity)

The utility in the Faroe Islands, SEV, has evaluated the use of tidal energy as
part of its approach to achieve a 100% renewable energy generating portfolio.
SEV finds that tidal energy can provide a consistent and predictable output,
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complementing other seasonally variable resources of wind, hydroelectric gen-
eration, and solar photovoltaic. These resources, in combination with pumped
storage and batteries, SEV predicts, can enable it to successfully and reliably
achieve a 100% clean generation portfolio. Doing so otherwise would require
a significant overbuild of wind and solar resources (Katsaprakakis et al. 2019).
The utility is presently working on the pilot project previously mentioned to
showcase the use of tidal energy, and if successful, intends to expand this effort
with larger tidal turbine units (Minesto 2020b).

4.3 Alaska (Fuel Supply and Resource Availability)

The U.S. state of Alaska has several remote communities. Many of these com-
munities are not connected to a large electric grid and are self-sufficient for
their energy, reliant mostly or entirely upon diesel generation for electricity
(Beatty et al. 2010). There is significant interest in the use of renewables to
provide reliable and fuel-independent electricity to these communities in order
to lessen the high costs of using diesel generation that result from high fuel
costs (due to transportation) and supply chain uncertainty. Shipped diesel fuel
may be disrupted due to weather or other factors, creating a potential resilience
benefit from the use of local, reliable, and available resources. The community
of Igiugig in Alaska has deployed a river current device, similar to tidal energy,
and the community of Yukatat is evaluating the potential for a wave energy
converter to test the provision of electricity from these resources and reduce
their use and dependence on fossil generation (Alaska Center for Energy and
Power 2016; ORPC 2020).

4.4  Caribbean & Indian Ocean Islands (Land Use)

Another advantage of wave and tidal devices is their small terrestrial footprint,
which is limited to an electric cable and auxiliary on-shore equipment for inter-
connection. Land is a scarce commodity on islands and subject to competing
uses. With the expectation that renewable resources will need to be signifi-
cantly increased to meet climate goals, there is increasing benefit to siting
renewable energy resources offshore in areas where available land is scarce. In
its 2017 Integrated Resource Plan for the Caribbean Ultilities Company, Pace
Global found an advantage in utilizing marine energy, specifically ocean ther-
mal energy conversion (OTEC), as significantly less land was required for its
development relative to other resources (Pace Global 2017). Similarly, the
Seychelles Energy Commission approved a 25-year power purchase agreement
for a 4 MW floating solar development in a lagoon oft Mah¢ island, with the
African Legal Support Facility citing that the plant provides clean energy gen-
eration while avoiding the challenge of land constraints on the island
(Bellini 2020).
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4.5  Military Bases

There are several remote military bases around the world: remote outposts
within a nation’s mainland borders that are not grid-connected, or remote
outposts on islands or another nation’s territory. Energy is a critical need for
military operations and these bases must have reliable power at all times, espe-
cially during severe weather events and military conflicts, which is problematic
when these bases are heavily reliant on imported diesel (Defense Science Board
2016). Similarly, there are numerous grid-connected bases that are reliant
upon grid-delivered electricity that is susceptible to interruption in contin-
gency events (Samaras et al. 2019). For example, in April 2011, a tornado left
the U.S. Army’s Redstone Arsenal base in Huntsville, Alabama without power
for eight days, leading to a base closure and a reliance on diesel backup genera-
tors for critical activities. By the end of the outage, the generators had almost
emptied their fuel reserves (Marqusee et al. 2017).

Recently militaries have explored the use of alternative resources, particu-
larly renewable resources with energy storage, to reduce reliance on diesel,
which not only avoids costs and emissions but also achieves their primary goal
of ensuring continued operations if diesel supplies are no longer available
(Samaras et al. 2019). Tidal and wave energy devices can act as a replacement
to fossil generation as a result of their improved predictability and periodicity,
supporting load when implemented in conjunction with intermittent renew-
able technologies and energy storage, in a microgrid, for example. Further,
tidal and wave devices can provide resilience by offering an improved level of
uninterrupted generation relative to solar or wind (Newman 2020). Figure 12.4
below highlights this value using the output of a microgrid dispatch model.
The box and whisker plot indicates the percentage reduction in renewable
energy capacity, battery capacity, diesel generator capacity, and diesel fuel con-
sumption for a microgrid ensuring the delivery of energy during different elec-
tric grid outage lengths using the addition of a tidal energy resource instead of
a solar PV resource across 100 simulations.

4.6  Constrained Grids and Grids with High Renewable
Energy Contributions

Electric generation sources can be located at great distances from both large
and remote coastal electric loads, which means that transmission infrastructure
is needed to assure reliable electric delivery over these long distances.
Transmission services can be capacity constrained along the coasts, making it
difficult to add new electric loads to the system, inhibiting economic growth.
Installing new transmission infrastructure is an expensive and spatially con-
strained proposition (ScottMadden 2020). Further, coastal transmission and
distribution lines may be single points of failure, providing no redundancy for
these communities if a line is suddenly unavailable (Hasan et al. 2013).We see
examples of this in coastal cities of North Carolina, USA, where extreme
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Fig. 12.4 Percent reduction in the required RE capacity, battery capacity, generator
capacity, and fuel use resulting from adding additional MRE instead of PV capacity to
meet 100% uptime during different outage lengths, across 100 simulations for a hypo-
thetical load served by a microgrid with a diesel generator, battery, solar PV and tidal
energy. (Newman 2020)

weather events, like hurricanes, and unforeseeable contingencies result in wide-
spread power outages in major tourist locations (Bohatch 2017; Dalesio 2014).

Siting tidal and wave energy devices in such constrained areas could provide
both clean renewable energy and unique benefits to the system, such as a defer-
ral or reduction of investments in the distribution and transmission system,
provision of ancillary services (e.g., frequency and voltage support), and local
power quality benefits. Another benefit could be supporting economic devel-
opment in otherwise energy constrained areas (Oregon Department of Energy
2012). Finally, the infrastructure build-out required to meet renewable energy
goals, especially when policy includes a resource proximity requirement, such
as direct interconnection to a state or particular utility’s electric system, may
have unacceptable demands on available land, creating another opportunity for
tidal and wave resources (ScottMadden 2020).
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Wave and tidal device output will be more predictable than their solar or
wind renewable counterparts. This advantage enables tidal and wave resources
to provide benefits to the grid in several other ways, including accommodating
optimal amounts of complementary resources, distribution and transmission
system management, and reduced costs in holding fewer operating reserves.
Wave and tidal energy have electricity generation profiles that complement
wind and solar resource availability over annual, seasonal, and daily periods.
These resources fill critical resource timing gaps in grids with increasingly high
levels of renewable energy generation. A wider portfolio of diverse contribut-
ing renewable energy brings geographic diversity, supports resource adequacy,
and reduces reliability risks.

4.7  Scotland (Energy Storage Integration)

In 2018, Nova Innovation integrated a Tesla battery storage system with the
Shetland Tidal Array in Scotland and expanded the generating capacity at the
site (Renewable Energy Magazine 2018). The system allows for storage of
excess tidal energy during energy production peaks and then discharges stored
tidal energy during low to no device output periods. The facility is claimed as
the world’s first “baseload” tidal power facility (Nova Innovation 2019) due to
its relatively flat net production.

By coupling with storage, tidal or wave facilities could achieve better con-
trollability and offer a scaled version of dispatchable generation. Researchers
have explored the coupling of non-battery storage solutions with marine
energy. Though of relatively small scale, an electrolyzer, which splits water
using electricity to generate hydrogen gas (H,), with a generation capacity of
220 kg of H,/day was developed using tidal current device prototypes for its
electric input (ITM Power 2017). The resulting hydrogen from this system
could be used to generate electricity when demand increases, potentially for
much longer timeframes than the typical four-hour limitations that standard
commercial battery technologies currently allow. Such a system could also be
used to supply fuel cell-based vehicles and additional transportation systems
(U.S. Department of Energy 2019a). These developments suggest that cou-
pling marine energy devices with various types of energy storage can enable
new value streams.

4.8  Auwstralin (Renewables Integration)

As Australia deploys more renewable resources on its electric system, the coun-
try has recognized a need for supporting technologies and resource diversity to
help integrate this renewable energy. Wave and tidal energy use could reduce
system capacity and balancing requirements by reducing the overall variability
of the energy generation profile. The diversity could also provide a natural
resiliency effect: the more geographic diversity of the overall generation profile,
the less likely it is to be interrupted by contingency events. As renewable
resources reach higher levels of deployment, seasonal and daily ramps of
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generation will cause significant reliability management challenges. In contrast,
wave energy will maintain consistent production over seasonal periods and
could fill the production gaps to provide reliable electric service. Australia’s
Commonwealth Scientific and Industrial Research Organization has evaluated
Australia’s wave energy potential and finds that the southern coastline of the
country has a wave resource that could contribute up to 11% of Australia’s total
energy needs (CSIRO 2020).

4.9  Powering the Blue Economy

One strategy to advance commercialization of wave and tidal energy technolo-
gies in the near-term is to develop these technologies for electric demands
within existing and emerging maritime sectors, called the “blue economy.”
Meeting the electricity needs of maritime sectors requires targeted technology
development at small scales with specialized characteristics to fit the demands
of the maritime environment. These markets include ocean observation, desali-
nation, seawater mining, and aquaculture (LiVecchi et al. 2019). While this
approach may advance commercialization of marine energy technologies, the
largest economic opportunity still remains in serving traditional electric grids
under the circumstances described above.

5  CONCLUSION

Considering the magnitude of tidal and wave resources and the policy drive
toward a cleaner, decarbonized electricity system, it is reasonable to anticipate
that tidal and wave energy will be able to commercialize and deploy around the
world. This may be especially true in environments where there are limited
clean energy resource options, the marine nature of these deployments pro-
vides additional value, or grid conditions require the unique attributes of tidal
and wave energy resources.
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