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Abstract

All European strategies on energy agree that Marine Renewable Energy (MRE) will play an important role mitigating

problems associated to the greenhouse emissions and air pollution, as well as strengthening the security of energy

supply. Besides this, MRE also presents a high potential for offshore and remote facilities, such as offshore aquaculture

farms. This manuscript presents the potential of MRE and briefly describes some of the technologies available to harness

it, with a special focus in wave energy harvesting. The present challenges and opportunities are discussed, namely the

integration of MRE as a source of energy for offshore aquaculture farms.
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Marine Renewable Energy

The Marine Renewable Energy (MRE) comprises the
energy of waves, tides, ocean currents, osmotic gradients
and thermal gradients (i.e., ocean renewable energy), as
well as the offshore wind and the marine biomass (micro
and macro algae). The solar energy captured offshore may
also be included since, such as the offshore wind, it makes
use of the ocean space.

The potential of MRE is of upmost relevance, given the
challenges of energy production, distribution and security
that modern societies face. By considering only the
contributions of waves, tides, ocean currents and
gradients (salinity and temperature), the theoretical
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potential of ocean energy can reach a value of about 151
300 TWh/yr [1]. Although estimates may vary with the
source, the ocean energy theoretical potential may be
divided as follows: waves - 32 000TWh/yr [2]; tidal
amplitude and tidal currents - 22 000 TWh/yr [3]; ocean
currents - 6000 TWh/yr [4]; salinity gradients - 30 000
TW h/yr [5], temperature gradients/ocean thermal
energy conversion - 61 300 TW h/yr [6].

Nevertheless, a distinction should be made between the
theoretical and the technical potential, which takes into
account the efficiency of the available technologies to
harness the MRE and, therefore, may change with their
future development. In spite of the estimates’ variability,
if the offshore wind resource is included [7], the potential
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of MRE production increases to values above the present
world electricity consumption and the total primary
energy supply that were estimated to be 18 900 TWh/yr
and 155500 TW h/yr in 2012, respectively [8].

The current estimates for wave power, in particular,
vary globally, with authorssuchasMgrk , et al. [9]
pointing towards a theoretical resource of about 3.7 TW
and others to roughly 2.11 TW [10]. However, one must
also account for the fact that not all of the energy is
convertible, due to efficiency limitations and energy
losses that, while mitigated, are always present to some
extent. On the other hand, there are also limitations
regarding the possible deployment sites, since the use of
some areas is restricted, namely near shipping routes or
in protected sites (fishing activities, submarine cables,
natural reserves, exploration of hydrocarbons, among
others).

Furthermore, the resource also varies regionally and
from offshore to nearshore. Along the Atlantic European
Coast the mean seasonal values of wave power per metre
of wave front range from 3.03 to 7.66 kW/m in the
Summer and from 6.76 to 28.98 kW/m in the Winter,
depending on the national coastline of interest, Guedes
Soares, et al. [11]. In the United States, a study conducted
by Lenee-Bluhm, et al. [12] provided insight into the US
Pacific Northwest wave energy resource, where the ratio
of mean wave power available between the winter and
summer months was found to be of about 7. Other regions
of interest, such as the East China and South China Sea or
the Northwest of Sardinia have also been studied by
Zheng, et al. [13] and Vicinanza, et al. [14], respectively,
amongst many other areas where MRE can have a
significant impact and relevance in the future.

Opportunities and Challenges

There are many opportunities and challenges that the
MRE sector must account for to become a key contributor
to the global energy market, which vary with the energy
resource and the Technology Readiness Level (TRL) of the
harnessing technology. For example, while the
commercial harnessing of tidal energy (tidal barrage)
dates back to 1966 [15], with the first large scale tidal
power station built in La Rance, France, the wave energy
technologies are less mature and in an early stage of
development.

Nowadays, there are hundreds of different energy
converters [16]. Amongst these are the wave energy
converters (WEC), the ocean thermal energy converters
(OTEC) or even the ocean thermo-electric generators
(OTEG). All those converters are based on different
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working principles, control strategies and are at different
stages of Technical Readiness Level (TRL). For instance,
the wave energy converters can be classified in the
following main categories based on their working
principles [17]: oscillating water columns [18];
overtopping devices [19,20] and oscillating bodies
[21,22].

Most of the MRE technologies face common challenges,
such as cost reduction, lack of maturity in comparison to
other renewable energy technologies [23] and
survivability in the harsh marine environment [24], as
well as unique obstacles, inherent to the technologies
themselves. On the other hand, and in general, the MRE
resource is vast and has a high power density, being
regarded as a clean source of energy that received
considerable interest from both public and private
entities, which have invested a large amount of resources
in R&D and also in the development of supporting policies
and legislation, as pointed out by Dalton and O Gallachéir
[25]. Moreover, there is an interesting potential for
synergies with other developing areas and offshore
activities, namely concerning the use of ocean wave
energy for water desalination purposes [26]. It was
estimated that such a complementary project could yield
a yearly production of 0.9 millions of m3 of fresh water,
considering an array of 25 surge WECs, which is enough
to meet the demands of 30000 persons and therefore
could cut down thousands of tons of CO; emissions.

Some subjects may provide a dual perspective towards
the development and application of marine renewable
energy converters, with challenges that can become
opportunities and vice-versa. An example of these reports
to the environmental impacts, as these can either be
positive or negative. The study of these impacts on marine
ecosystems has been made by Riefolo, et al. [27]
concerning the physical and biological factors for the
installation of WEC devices. Issues such as underwater
noise, electromagnetic fields, collision risk and changes in
benthos and sediment transport have been monitored
and analysed for several WEC sites, from which it was
concluded that there is a need for adapting the
environmental impact analysis (EIA) to coastal
ecosystems, update the current legislation and conduct
further monitoring studies on the subject. A
complementary study that also considers tidal energy
converters has been made by Frid, et al. [28], which also
points out important changes in the local habitats and
migration routes for the local fauna communities.

Even so, there are positive impacts, as explained

earlier, which are developed by regarding the use of
marine renewable energy installations (MREI) as artificial
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reefs and aggregation systems for fishes. They may also
act as “marine-protected” areas (MPA) where certain
activities, such as fishing, are restricted [29]. Another
topic worthy of discussion is the influence that a MRE
converter might have on the wave conditions itself, as its
presence may impose changes, for instance, on the
significant wave height profile from offshore to the
nearshore. This topic has been addressed in some works
through the application of numerical models such as
SWAN, as those conducted by Iglesias and Carballo [30]
for farms of WECs based on the Wavecat concept [31]. It
was found that the presence of a wave farm, the spacing
between WEC devices and its distance to the shoreline
influence the profile of the significant wave height as it
propagates from offshore to nearshore. Even at a distance
of 2 to 4 km, there is a reduction of the significant wave
height that should not be neglected. These impacts also
depend on several other factors, including the WEC type
and its spatial distribution and may be positive in regions
with a highly energetic wave climate, by reducing the
wave power levels that reach the coastal zone or any
offshore facility located in their sheltered area (behind
the wave farm).

Perspectives for Aquaculture Farms

The food and agriculture sector will face very
important challenges in the coming decades due to the
increase of word population that should reach 9 billion by
2050. Fisheries and aquaculture are expected to address
many of those challenges, since the impressive grown
rates observed in recent years should have continuity in
the future, especially in the Aquaculture sector. In fact,
during the last three decades, capture fisheries
production increased from 69 to 93 million tons and the
world aquaculture production increased from 5 to 63
million tons [32].

Aquaculture farms vary significantly in size,
characteristics and location (inland, coastal, nearshore
and offshore), consuming relevant sums of energy in their
pumping, lighting, grader, purification and aeration
systems, among others. The electricity consumption may
vary significantly from one farm to the other, for example,
the Aquaculture Initiative [33-34] analysed three case
studies with the daily maximum load varying from 9.3 to
90.5kW. In these cases studies, the electricity costs may
easily reach thousands of euros per year, stressing the
need for efficient systems design and good planning.

It should also be taken into account that the cost of the
consumed electricity may be significantly different in
remote offshore installations, which are expected to be
more usual in the future, as the nearshore locations
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available for the installation of new farms reduce. The
difference in the electricity cost is mainly due to
accessibility and transport issues. This creates a unique
opportunity to all the marine renewable energies, since
they are present at site and readily available to be
harnessed.

Conclusions

The harsh marine environment and the variability of
the marine energetic resources pose several challenges to
the development of energy conversation technologies.
However, the amount of untapped energy in the ocean is
huge, justifying the investments in the development of
novel and already existing technologies to reach a higher
level of efficiency and reliability and also to reduce the
electricity production costs. Offshore installations, such as
aquaculture facilities, may be a valuable end user of MRE,
due to the availability of the resource offshore and the
difficulty associated to the transport of energy from
shore.
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