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Abstract: Coastal resilience is often achieved by traditional civil engineering projects, such as
dikes and breakwaters. However, given the pressing nature of Climate Change, integrating energy
converters in “classical” structures can enhance innovation, and help in pursuing decarbonisation
targets. In this work, we present an alternative for integrating a wave energy converter at a
vertical wall breakwater, following past successful projects. Our approach is based on a high
spatio-temporal wave dataset to properly quantify expected energy production, but also focus on
the hours for which other time-dependent renewables cannot produce, i.e., solar. Our analysis
evaluates the power performance and assesses the economic parameters and viability of the proposed
installation. Our integrated solution shares the main capital with the breakwater and can produce
from 390 MWh–2300 MWh/year, displacing more than 1760 Tn of CO2 annually. In addition to
power generated, we estimated the payback period for most cases being approximately 10–15 years,
but when accounting avoided oil CO2 emissions, the installation is highly attractive with payback in
less than 9 years, with favourable financing indicating 3.4 years.
Keywords: wave energy; levelised cost of energy; payback period; genoa harbour

1. Introduction
The European Green New Deal and the Strategic Energy Technology Plan (SET-Plan) are some of
the initiatives employed to address Climate Change and become a leader in the decarbonisation [1–3].
Such initiatives, while ambitious, are vital for the mitigation of Climate Change impacts and the
transformation of several sectors; in this framework, key component will be the coupling and
beneficial integration with renewable energies. To enhance the applicability and importance of clean
developments, pivotal focus must be given to synergic solutions that have as a primary focus the use
of indigenous renewable energy resources.
Coastal regions in the Mediterranean are at an immediate risk of Climate Change, sea level
rise driving increases in extreme events, potential flooding and erosion [4–7]. This can create
severe problems for coastal populated areas, cities and the security of operations for crucial sectors
such as harbors. Indeed, the Mediterranean shores are densely populated and about 20% of the
world’s seaborn commerce passes through the Mediterranean sea [8]. The increasing pressure at
Mediterranean coastlines requires taking adaptation measures and rethinking coastal infrastructure
design, embedding policies that pursue sectoral decarbonization and carbon neutral operations.
These have been particularly developed over the past years, with leaders California, Shenzhen [9]
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and the Port of Rotterdam [10]. Most of the proposed solutions include photovoltaic and onshore
wind as sources of renewable electricity. However, wave energy production remains one of the most
overlooked and under-utilized resource, with high synergies at coastal locations for power production,
coastal protection and even production of green hydrogen [11].
The Italian energy mix is heavily dominated by oil and natural gas (see Figure 1), with net
energy consumption ≈315 TWh per year [12,13]. Italy has translated the aims for Blue Growth and
further development of ocean energies into tangible targets, reducing greenhouse gas emissions by
40% (compared with 1990) and 30% of gross energy consumption from renewables by 2030 [14].
With a future perspective, the Italian NECP has set ambitious goals for the development and regional
(within the Mediterranean) cooperation for wave energy development. Wave energy is part of the Blue
Growth agenda, and part of the technologies are represented in the SET-Plan.
200
Coal

Natural gas

Hydro

Renewables

Biofuels & waste

Oil

180
160

Thousand ktoe

140
120
100
80
60
40
20
0
1990

1995

2000

2005

2010

2015

Figure 1. Energy mix of the primary energy supply, own analysis based on data from the International
Energy Agency (IEA) [13].

There are numerous wave energy converters (WEC) that can be selected for wave resource
exploitation [15,16]. These can be classified into several categories according to principle of operation,
and/or power-take off, and/or deployment depth. Most commonly, though, WECs are distinguished
by their deployment applicability and are separated into shoreline, nearshore and deep water
devices [17]. Knowledge of metocean conditions is vital to ensure the optimisation of any type
of power take off for WEC, whether that is a linear generator [18] or the optimisation of hydrodynamic
characteristic for increased efficiency of an Oscillating Water Column [19].
Vicinanza et al. [20] refer to “hybrid maritime structures” as innovative integration techniques
to combined WEC into existing or planned coastal structures with the purpose of the structure as a
whole to maintain protection from metocean harsh events [21]. It is, however, a logical evolution for
someone to think that the integration of WECs into coastal structures will also benefit other sectorial
developments. Indeed, a consortium [22] has been formed to accelerate the coupling of ocean energies
with the harbours, assisting in Blue Growth targets but also directly addressing the International
Maritime Organisation (IMO) targets for sectoral decarbonisation [23], with a focus primarily given to
regions at the Atlantic coasts.
This study contributes with detailed examination of the tangible benefits of a possible integrated
breakwater OWC within the new dike at the Genoa harbor, see Figure 2. The port of Genoa,
comprised of the Genoa and Savona hubs, is one of the busiest port in Italy and Central Europe [24,25].
The port encompasses several specialised terminals that can handle different types of cargo,
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from technological equipment to fresh produce. Operative versatility also means that energy
requirements have to be constantly met, especially in the case of sensitive produce. In addition,
the large traffic has increased requirements in cold ironing (i.e., berthing) for parked ships [26].
It currently handles ≈2.6 million TEUS, and this amount is expected to increase in the next future.
As such, in 2018, the Port Authority launched a project for enlarging the port capacity, implying the
building of a new dike farther seaward with respect to the actual existing one [27]. In addition, the Port
Authority has set an ambitious plan for energy efficiency and production by renewable sources [25,28].
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Figure 2. Close-up at area of interest, hindcast node 000230 and the node where local wave data were
carried out are depicted.

In view of the above, we assess the techno-economic potential and avoided emissions of a possible
WEC installation at the Genoa breakwater. Through combining multi-nesting with suitable numerical
wave model allowing for estimating realistic Levelised Cost of Electricity (LCoE), and the payback
period (PBP) for the configuration. Moreover, the study goes beyond that and also estimates the off-day
hours contribution profile. This is highly important as it can help immensely in the decarbonization
efforts of Genoa Port, mitigating some of other renewable energies (i.e., photovoltaic) intermittency.
The paper is structured as follows. Section 2 introduces data and methods employed in the work,
while Results are drawn and discussed in Sections 3 and 4, respectively. Conclusions and final remarks
are finally reported in Section 5.
2. Material and Methods
There is a wide variety of WECs that can be used, however, not all are suitable for mild
environments as their peak production is related to coupled probabilities of significant wave height
(Hm0 ) and peak wave period (Tpeak ). Our focus here is the integration and hybridization opportunities
offered by an OWC converter to a harbour expansion. While OWC design has been installed and is
operative (i.e., Mitruku) [29], their power matrix is not available and, as mentioned in Naty et al. [30],
this can hinder development of studies. For the potential OWC, we have adopted the power matrix of
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an OWC and obtained the capacity factor (CF) based on a 40 years hindcast analysis, as indicated by
other studies [31,32].
For the detailed characterization of the local wave climate, we took advantage of the hindcast
data provided by the Department of Civil, Chemical and Environmental Engineering of the University
of Genoa [33,34]. The data are defined on a hourly base over the period 1979–2018 in the node
000230 at a depth of about 650 m (http://www3.dicca.unige.it/meteocean/hindcast.html), and were
therefore subsequently downscaled in front of the dike with Simulating WAves Nearshore model
(SWAN, [35,36]). The use of SWAN allows for higher fidelity simulation near shallow water,
where oceanic models often use approximation for shallow water dynamics, thus allowing for properly
accounting for the large depth variations the regional bathymetry is characterized by (see Figure 2).
Using a neashore model driven by validated boundaries takes advantage of faster computation time
and higher shallow water accuracy with similar model chains [37–40]. Our boundary conditions
are extracted by a validated and calibrated model, and considering the small fetch, validity of the
underlying data benefits by the shallow water source terms of SWAN. The figure shows a close-up of
the investigated area, highlighting the input and output wave data nodes, with the latter further used
for the estimation of annual energy production.
In terms of Capital Expenditure (CapEx), a range has been considered to make the analysis more
useful and scalable. Naty et al. [30] suggested an OWC represents approximately 10% of the total cost
of the harbour expansion structure. Contestabile et al. [41] provided sensitivity costs for an integrated
breakwater energy solution from ≈560,000e to ≈2,700,000e and installed capacity from 500 kW to 2
MW, albeit a different concept with pico turbines was considered, but similar in terms of integration
and thus expected costs as it was adapted to a breakwater.
The CapEx of this analysis is based on the official procurement documents for the total cost
of the suggested Genoa breakwater [42]. The planned Genoa breakwater total length is about
5 km, with estimated cost 800,000,000 e and expected lifetime 50 years. This corresponds to
≈160,000 e/m for the construction. OWC costs are thus a function of e/m and total installed capacity
in Megawatts (MW), this is represented by ≈1.3 Million e/MW, with OWC length and value adapted
by Babarit et al. [43].
Discount rate for the installation was considered at 7%, with maintenance and operation
accounting for 3% of CapEx; typically, renewable energy project have discount rates from 5–15%
with the highest representing a high risk investment. The integrated OWC breakwater approach can
reduce risks as the structure does not require major overhaul/modification. In addition, it is common
for large civil beneficial project to be co-financed Public-Private Partnerships (PPP) reducing their
level of danger, and can also be given preferential “social discount rates” from 1–5% [44]. The analysis
estimates LCoE using the discounted method, and considering a lifetime for the OWC of 40 years,
with a repowering of the electrical power take of the facility at year 20 (RePower20 ), valued at 20%
of the initial CapEx [45]. For breakwater integrated WECs, the majority of expenditure is civil
engineering works.
The economic evaluation and feasibility of the breakwater OWC concept for the Genoa port,
is strengthened by the realistic CF obtained through the 40 year metocean dataset for energy analysis.
CapEx of the installation includes all works and covers all elements of the OWC; however, a range has
been given to the costs as it has sensitivity on the estimation based on location and installed capacity,
as shown in Table 1.
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Table 1. Estimated total CapEx for different installed capacities and costs, values include facility
re-powering.
Total Cost e/MW
MW

1,500,000 e/MW

2,000,000 e/MW

2,500,000 e/MW

3,000,000 e/MW

0.5
1
1.5
2
2.5
3

900,000e
1,800,000e
2,700,000e
3,600,000e
4,500,000e
5,400,000e

1,200,000e
2,400,000e
3,600,000e
4,800,000e
6,000,000e
7,200,000e

1,500,000e
3,000,000e
4,500,000e
6,000,000e
7,500,000e
9,000,000e

1,800,000e
3,600,000e
5,400,000e
7,200,000e
9,000,000e
10,800,000e

Levelized Cost of Energy or LCoE is an indispensable tool as it provides a level field for
technology comparisons; it does not directly dictate the economic viability, see Equation (1). CapEx and
maintenance (OM) are costs expressed in Euro (e) discounted at present values (PV). Annual energy
production (AEP) is the estimation of energy production by the joint probability distribution of Hm0
and Tpeak [31,32,46–48]. To provide a feasibility estimate, the simple Pay Back Period (PBP) [44] is
considered (see Equation (2)), using the guaranteed selling price of electricity (300 e/MWh) (Rn ) given
by the Italian government [49]. The “viable” PBP period is considered at any value below 20 years.
LCoE =

PV (CapEx ) + PV ( RePower20 ) + PV (OM )
PV ( AEP)

(1)

CapEx + RePower
Rn − OM

(2)

PBP =

Finally, avoiding emissions and monetary benefits by increased energy security, and avoiding
imports of energy expressed in barrels of oil equivalent (bbl) are estimated according similar
studies [50]. The analysis also provides the potential revenue combination of the Emission Trading
Scheme (ETS), with a price of 35 e/TnCO2 . Carbon pricing per Tonne is based on the current
prices, though they are expected to increase since 2018 CO2 prices have seen dramatic increase
from ≈5 e/allowance (Tn) CO2 (2013 price) to near 25 e/Tn CO2 , a fivefold increase, see Figure 3.
Estimates are expecting the barrier of 35 e/Tn CO2 to be exceeded soon, and 2030 future values to be
≥60–80 e/Tn CO2 .

Figure 3. CO2 European Emission Allowances (e), showing the evolution of prices during the last five
years [51].
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3. Results
The energy analysis indicates that, through the region, performance and capacity factors are
similar, with maximum value ≈11.5%. Surrounding the Ports of Genoa, the CF is ≈6–11%, with mean
value of ≈8%. Focusing at the Port of Genoa, the specific location data representing 44◦ 240 N 8◦ 530 E
were extracted. The analysis utilises 40 years of data allowing for robust energy estimates, considering
the effects of Climate variation on the OWC performance. Moreover, the historical wave climate can be
assumed to be representative of the future climatology of the area. Indeed, as far as wave parameters
are concerned, the investigated location is not characterized by relevant historical trends [52], nor it is
expected to be significantly affected by future variations driven by Climate Change [53].
Annual energy performance of the OWC is given at Figure 4, along with the estimated Coefficient
of Variation (CoV). At the port of Genoa, the mean value of CF is 8.85%, the CoV indicates a small
level of variation expected annually, therefore showing little drops in performance. As it can be seen in
Figure 4, there seems to be a cyclic maxima performance every three years, followed by a decrease
every two years.
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Figure 4. Variation of capacity factor for the location.

LCoE can be used to compare different energy technologies, regardless of their resource origin,
expressed in currency per energy produced [54]. There are two main components for LCoE estimations,
cost/expenditure and energy production, see Equation (1). LCoE does not indicate the economic
viability, but it evaluates the probable aggregated energy cost. The simple payback period (PBP)
(see Equation (2)) is used to assess the business feasibility evaluating the time required for the
installation to “return” the capital. Avoided emission per fuel type and avoided energy imports
are also estimated, and used with the produced electricity to assess additional PBP options that benefit
by quantifying the Climate mitigation impacts. The energy estimates and avoided emissions per fuel
type, dominant in the Italian energy mix are given in Table 2.
Table 2. Annual energy production and displacement of emissions by dominant fuel types.

AEP (MWh/year)
Oil avoided Tn CO2 /year
NG avoided Tn CO2 /year

0.5 MW

1 MW

1.5 MW

2 MW

2.5 MW

3 MW

387.55
293.92
199.52

775.11
587.85
399.05

1162.66
881.77
598.57

1550.21
1175.70
798.10

1937.77
1469.62
997.62

2325.32
1763.54
1197.14
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Given the fact that one specific device is proposed here, LCoE will be mostly a function of CapEx.
As the installed capacity increases, the LCoE sees a reduction. The lowest LCoE 185.80 e/MWh is for
3 MW installed capacity, with a total CapEx 1,500,000e and maintenance 162,000 e/year. The highest
LCoE is 627.05 e/MWh when the cost per MW is 3,000,000e, and for a 0.5 MW configuration total
costs scale to 10,800,000 and 324,000 e/year maintenance, see Figure 5.

Figure 5. LCoE for breakwater of the OWC with estimations based off the Port of Genoa.

The simple PBP gives more in-depth information concerning the feasibility of the project,
accounting only for gross revenue by electricity sold. In this case, even higher capital intensive
scenarios are beneficial. In Table 3, coloured cells indicate the intensity in years needed to payback the
capital, with green high recovery and red a slow recovery. Even at a LCoE value of 191.61 e/MWh
(2 MW and CapEx 1,500,000 e/MW), the performance is positive, with 6.72 years necessary to be
profitable. However, higher LCoE values i.e., 394.82 (1 MW and CapEx 2,500,000 e/MW), the PBP
is marginally out of our limit (i.e., 20 years) with 21 years. CapEx below 2–5 Million e/MW values
combined with capacities ≥1 MW achieve always positive payback, as low as 3.4 years.
Incorporating an OWC also offers significant benefits in offsetting carbon emissions by
conventional sources, and hence increasing the sustainability of operation for the Port of Genoa.
These values can be from ≈300–1763.54 Tn CO2 /year for oil based electricity and ≈200–1200 Tn
CO2 /year for Natural Gas (NG), see Table 2, effectively reducing the carbon budget and making
the Port of Genoa highly competitive and sustainable with regard to its emissions. When additional
revenues by avoided TnCO2 are factored in Table 3, high payback times are reduced by ≈10–15%.
An already “positive” PBP shows only slight improvements, which does alter the economic evaluation
for ≤2,500,000 euro/MW, making them marginally profitable at 18.4 and 19.2 years with and avoided
emissions from oil and natural gas, respectively. With this added revenue factored, units that cost from
1.5–2 Million e/MW obtain a an average improvement in PBP 6–10 months and above 2.5 Million
improvements on average from 15–24 months. Capacities ≤0.5 MW do not achieve a positive value
with the electricity only PBP.
Another under-estimated characteristic is the beneficial mis-match of operation with other
renewable energies. This in fact can enhance the utilisation of energy by renewables, whilst minimizing
expensive solutions as batteries, which for industrial solution can be as high ≈1000 e/MWh
(as stand-alone solutions), and from ≈280–360 e/MWh (as part of storing electricity by
photovoltaics) [55]. Besides the aggregated annual energy performance, the hourly power production
was analysed, and a filter was applied to focus only on hours that photovoltaics do not produce
(from 6:00 p.m.–8:00 a.m.). The minimum hours operated in this timeframe of non-sunshine, the lower
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value was in 2005 with 5.85% in total hours, the maximum was 10.72% in 2000, with mean power
production in such hours representing 8.25%. The density plot (see Figure 6) complements these
findings, with the potential distribution being within the range of 7–9%.
Table 3. PBP for different scenarios, quantifying the avoided emissions as added revenue stream for an
Genoa optimised OWC.

1,500,000 e/MW

Total Cost e/MW
PBP Electricity Only, for CF: 8.85%
2,000,000 e/MW 2,500,000 e/MW

3,000,000 e/MW

0.5 MW
1 MW
1.5 MW
2 MW
2.5 MW
3 MW

20.2
29.9
42.1
57.8
10.1
15.0
21.0
28.9
6.7
10.0
14.0
19.3
5.0
7.5
10.5
14.5
4.0
6.0
8.4
11.6
3.4
5.0
7.0
9.6
PBP with Electricity and Avoided Oil Emissions, for CF: 8.85%

0.5 MW
1 MW
1.5 MW
2 MW
2.5 MW
3 MW

18.1
26.5
36.8
49.6
9.0
13.3
18.4
24.8
6.0
8.8
12.3
16.5
4.5
6.6
9.2
12.4
3.6
5.3
7.4
9.9
3.0
4.4
6.1
8.3
PBP with Electricity and Avoided Natural Gas (NG) Emissions, for CF: 8.85%

0.5 MW
1 MW
1.5 MW
2 MW
2.5 MW
3 MW

18.7
9.4
6.2
4.7
3.7
3.1

27.5
13.8
9.2
6.9
5.5
4.6

38.3
19.2
12.8
9.6
7.7
6.4

52.0
26.0
17.3
13.0
10.4
8.7

Figure 6. Probability density for the percentage of operative hours between 6:00 p.m.–8:00 a.m.

4. Discussion
Hm0

Given through use of long-term metocean condition, response of the turbines can be tuned to
≤ 3.5 m. Even with this small configuration change, it is expected that the performance can be
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increased to 40–50% by adapting the turbine operation to the local conditions [47], usually done by
CFD modeling that has shown the improvements that an OWC can attain [56,57]. However, such an
effort is outside of the scope for this paper, whose primary focus is to quantify the resource, energy and
economic potential.
Indicatively, by adapting the OWC operation to smaller wave heights and higher frequency
waves a CF of 15% is feasible. This in fact reduced the LCoE by 41% with the highest price
being 287.70 e/MWh (presuming 3 million e/MW and 0.5 MW installed), while, with a low
CapEx (1,500,000 e/MW), LCoE prices become highly competitive from ≈109.60–123.30 e/MWh.
As expected, an improvement in the performance also enhances the financial viability. With the
adaption potential, increasing expected energy performance the payback period are also significantly
reduced. When considering only electricity production as the main revenue stream, the CapEx and
installed MW was advised not to exceed 2.5 million e/MW and be more than 1 MW, in order to
achieve positive payback periods below 10 years, see Table 3. However, the increased performance
allows us to consider the solution of smaller installed capacity and even higher CapEx, whilst ensuring
that the PBP is achieved in ≤10 years. This allows for a higher threshold couple of CapEx-MW,
with viable considerations from 2 million e/MW and 1 MW, with a PBP period exceeding 10 years,
an improvement of 47–56% from the original PBP, see also Table 4.
Table 4. PBP for different scenarios, quantifying the avoided emissions as an added revenue stream for
an Genoa optimised OWC, for a adapted WEC with increased performance CF:15%.

0.5 MW
1 MW
1.5 MW
2 MW
2.5 MW
3 MW
0.5 MW
1 MW
1.5 MW
2 MW
2.5 MW
3 MW
0.5 MW
1 MW
1.5 MW
2 MW
2.5 MW
3 MW

Total Cost e/MW
PBP Electricity Only, for CF: 15%
1,500,000 e/MW 2,000,000 e/MW 2,500,000 e/MW
3,000,000 e/MW
10.6
14.9
19.7
25.2
5.3
7.4
9.9
12.6
3.5
5.0
6.6
8.4
2.6
3.7
4.9
6.3
2.1
3.0
3.9
5.0
1.8
2.5
3.3
4.2
PBP with Electricity and Avoided Oil Emissions, for CF: 15%
9.6
13.4
17.7
22.4
4.8
6.7
8.8
11.2
3.2
4.5
5.9
7.5
2.4
3.4
4.4
5.6
1.9
2.7
3.5
4.5
1.6
2.2
2.9
3.7
PBP with Electricity and Avoided Natural Gas (NG) Emissions, for CF: 15%
9.9
13.9
18.3
23.2
4.9
6.9
9.1
11.6
3.3
4.6
6.1
7.7
2.5
3.5
4.6
5.8
2.0
2.8
3.7
4.6
1.6
2.3
3.0
3.9

Finally, the temporal energy production of the facility, without being optimised, shows that it can
produce outside solar production hours. [58]. Furthermore, analysis and multi power coupling will
be required to fully analyse the overlapping power production, but the findings suggest reduction in
expected storage requirements, which displace conventional fossil fuels effectively.
5. Conclusions
The option to have an WEC integrated breakwater at the port of Genoa ensures that the port will
protect the area from harsh incoming waves but also contribute towards the port decarbonisation.
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However, in order for the solution to be viable, a first layer analysis has to estimate its profitability.
This work uses a long-term high fidelity wave numerical model from 1979–2018, estimating the
potential energy production for an integrated OWC at the Port of Genoa.
The primary focus is to provide the Port Authority with renewable energy and offset emissions.
It has been shown by Friedrich and Lavidas [58] that multi-generation and high renewables share is
expected have positive benefits, like the reduction dispatchable generation without requiring higher
reserve capacity. The interest of several sectors for decarbonization has been increased, and it is
obvious that multi-generation will be an important asset in this path.
For the first time, with this study, we determined the potential benefits and economic feasibility
of an integrated OWC at the Port of Genoa. Through the coupling of multi-model nesting, energy
analysis and utilising a non-optimised WEC solution, ratios are proposed for which an investment
would be feasible. Past studies indicated the possibility of tuning the converter behaviour to local
condition, hence scaling its performance is expected to increase the energy production by at least
50% [47,56,59]. An integrated breakwater OWC operates at shallow water areas where surge and
depth breaking will be more dominated, and thus simple Froude scaling is not possible.
For the current combination of the resource and off-the-shelf WEC, the following considerations
should be taken into account: (i) When CapEx e/MW cost is less than 2 Million, then almost all
capacity scenarios are viable, with the only exception a low installed capacity of 0.5 MW. However,
when the LCoE is factored in, it is advisable that installation above 1 MW should be considered;
(ii) Using metocean conditions to re-scale the OWC size and tune the turbines to match expected
climate variations would potentially lead to a better business feasibility for higher CapEx. In this case,
all combinations of installed capacities and capital costs are viable, with the only exception again a low
installed capacity of 0.5 MW. In this approach, the LCoE values are ≈50%, staying below 200 e/MWh
even at 2.5 Million e/MW instances. Usually, first generation ideas with smaller name plate capacity
tends to be more expensive; however, in this case “tuning” would increase AEP production and drive
electricity driven revenues higher.
A revenue stream for electricity production based on Italian legislation exhibits a clear
commitment of the government to advancing novel technologies. An additional revenue stream
can be materialised by considering the avoided emissions, from the displacement of fossil fueled
electricity. When this is factored in, economic performance of the installation is improved from 45–55%,
with avoided emissions having clear positive benefits of the total Italian budgeted Emissions and
increased innovation.
Finally, the temporal production overlap potential with other more mature technologies was
estimated, between the hours of 6:00 p.m.–8:00 a.m. effectively displacing the need for fossil and/or
energy storage. Without OWC optimisation, the integrated installation can provide from 723 (min)–939
(max) hours (mean: 785 h) of energy production between 6:00 p.m–8:00 p.m, suggesting that the OWC
can cover non solar generation worth 30–40 days per year. This, in combination with wind energy, can
provide major benefits for renewable electricity, without compromising the grid.
Author Contributions: Conceptualization, G.L. and G.B.; Data curation, F.D.L. and G.B.; Formal analysis, G.L.
and F.D.L.; Investigation, G.L. and F.D.L.; Methodology, G.L. and F.D.L.; Resources, G.B.; Writing—original draft,
G.L. and F.D.L.; Writing—review and editing, F.D.L. and G.B. All authors have read and agreed to the published
version of the manuscript.
Funding: This research received no external funding.
Acknowledgments: The authors would like to thank the editorial team of the Special Issue for considering
their submission. The authors would like to thank the reviewers for their valuable comments that improved
the manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

Energies 2020, 13, 4201

11 of 14

Nomenclature
Hm0
Rn
RePower20
Tpeak
AEP
bbl
CapEx
CF
CoV
ETS
kW
kWh
LCoE
m
MW
MWh
NECP
NG
OM
OWC
PBP
PPP
PV
SWAN
TEUS
Tn
TWh
WEC

Significant Wave Height
Revenue Stream (electricity e/kWh)
Repowering at year 20
Peak Wave Period
Annual Energy Production
Barrels of Oil Equivalent
Capital Expenditure
Capacity Factor
Coefficient of Variation
Emission Trading System
Kilo Watts
Kilowatt Hours
Levelised Cost of Electricity
Meters
Mega Watt
Megawatt Hours
National Energy and Climate Plan
Natural Gas
Operation & Maintenance
Oscillating Water Column
Payback Period
Public-Private Partnerships
Present Value
Simulating WAves Nearshore
Twenty-Foot Equivalent Unit
Tonne
Terrawatt Hours
Wave Energy Converter
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