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Introduction:
Wave energy, despite its enormous potential, has been struggling for many years to
reach a competitive LCoE level. We at Novige believe that we can bring game-changing
results to the table! In a series of reports, we are going to show you our cost
estimations for our novel wave energy concept, NoviOcean. This short report is the
third and final part of our report series (OpEx and CapEx as first and second parts), and
its target is to make a conclusion regarding NoviOcean concept and its LCoE values.
In this report, all assumptions and used methodology to estimate the Levelized Cost
of Electricity (LCoE) for Novige’s novel WEC, NoviOcean, are explained followed by an
in-depth review of the resulted estimations and a sneak peek into how we can compete
within wave energy industry and even with offshore wind.
This report is focused on evaluating LCoE values for NoviOcean’s 500kW rated WEC
(NO500) for three different development phases (1st array, 2nd array, and first
commercial scale project)1. Each development phase has a relative wave array capacity
rating. The total capacities for the first array, the second array, and the first commercial
scale project are assumed to be 3 MW, 10 MW, and 75 MW respectively.

The commercial scale target is known to be the first project to generate commercial return without
needing external financial support, and generally does not represent long term cost reduction potential
in the future. In this context, ‘first array’ and ‘second array’ are the terms normally used for identifying
wave and tidal energy projects’ first and second pre-commercial development phases. It is therefore
anticipated that early arrays have significantly lower availability and higher costs compared to the
desired commercial target. Hence, these projects are not expected to have competitive LCOE values
during early development phases. To date, there are no exact definitions for the project capacity range
and number of WECs to be installed in each development phase. However, in wave energy industry, first
array and second array projects are normally rated as <3MW and <10MW respectively, while first
commercial scale projects are rated at <75MW depending on the type of WEC (IEA, 2015).
1
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Assumptions & Methodology:
Power Matrix:
As the first step to a reliable performance evaluation, relevant power matrices should
be developed. The initially estimated power matrix for NoviOcean NO500 WEC can be
seen in Figure 1. This power matrix has been generated by adjusting the numbers
previously provided by WavEC through their Wave2Wire model for the larger
NoviOcean unit rated at 5 MW which were generated by running irregular wave
simulations for sea states described by a Pierson-Moskovitz spectrum (WavEC, 2019).

Figure 1: Power matrix for adjusted nozzle area for NO500 WEC

Note that the performance of the NO500 WEC is expected be better for shorter Tp
range compared to the power matrix displayed above, due to a better “sitting” in
smaller waves. However, we are until further using the figures above to be on the
conservative side.

Site-specific Data and Array Size:
Joint probability (scatter) diagrams for sea states of various potential site locations
have been extracted from available online sources, papers and reports and were used
in calculating the annual energy production (AEP) of NoviOcean NO500 WEC arrays.
These sites along with the sources with reported sea states are mentioned in Table 1
below.
Table 1: Site locations considered in LCoE model development
No.
1
2
3
4

Site Name

Country

Belmullet (Test Site A)
Haltenbanken
AUK
Lisboa

Ireland
Norway
North Sea
Portugal

Approximate
Coordinates
54.0° N, 12.0° W
65.1° N, 7.4° E
56.2° N, 2.0° E
39.0° N, 12.0° W

Reference
(Nielsen & Pontes, 2010)
(Nielsen & Pontes, 2010)
(Nielsen & Pontes, 2010)
(Nielsen & Pontes, 2010)
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5
7
8
9

Pilot Zone, S. Pedro Moel
EMEC Orkney
Wave Hub
BiMEP

Portugal
UK
UK
Spain

39.8° N, 9.2° W
59.0° N, 3.7° W
50.4° N, 5.7° W
43.5° N, 2.8° W

10

AMETS (Test Site B)

Ireland

54.2° N, 10.1° W

11
12
13
15
16

West of Columbia River Mouth
West of San Francisco
Southeast of Nantucket
Aguçadoura
PLOCAN, Canary Islands

OR, US
CA, US
MA, US
Portugal
Spain

46.1° N, 124.4° W
37.7° N, 122.9° W
40.7° N, 69.2° W
41.4° N, 8.8° W
28.2° N, 15.7° W

(Nielsen & Pontes, 2010)
(Nielsen & Pontes, 2010)
(Nielsen & Pontes, 2010)
(TRL+, 2017)
(Goggins & Finnegan, 2014)
(Prendergast, Li, & Sheng, 2018)
(Cahill & Lewis, 2011)
(Cahill & Lewis, 2011)
(Cahill & Lewis, 2011)
(Cahill & Lewis, 2011)
(Sinha, Karmakar, & Soares, 2016)
(Gonçalves, Martinho, & Soares, 2014)

Due to availability of standard guidelines provided by IEA Ocean Energy Systems (OES)
regarding “generic and site-related wave energy data” (Nielsen & Pontes, 2010), the
energy period (Te) is used as the preferred parameter in calculating AEP. Therefore, in
cases where other wave period parameters are used for reporting sea states other than
the energy period (Te), i.e. the zero-crossing period (Tz or T02) and the peak period (Tp),
these parameters are converted to Te assuming the Pierson-Moskowitz spectral shape
according to the following equations. The power matrix values for NO500 WEC are
also adjusted to Hs/Te for compatibility to the bi-variate scatter diagrams.
𝑇𝑒 = 1.2 𝑇𝑧
𝑇𝑒 = 0.857 𝑇𝑝
Moreover, the effect of site’s water depth and distance to nearest shipyard, as well as
the total array size, on CapEx and OpEx have been included in the LCoE model for the
NoviOcean NO500 WEC arrays according to the following relations:
𝐶𝐴𝑃𝐸𝑋 = [(3.8926 × 𝑃 −0.068 ) + (0.0012𝑑𝑤 ) − 0.048] × 𝑃
𝑂𝑃𝐸𝑋 = [(0.837𝐷𝑝 + 248.03)(0.6085 ln(𝑃) + 0.4345)−1.121 ] × 𝑃 × 10−3
Where dw represents water depth in meters, Dp is distance to nearest port in kilometers,
P is the array’s total rated power in MW. CAPEX and OPEX are reported respectively in
M€ and M€/year.
Worth noting that the aforementioned relations take cost savings through economy
of scales, and contingencies into account. For more detailed information about CapEx
and OpEx calculations, please refer to their dedicated reports prepared by us
previously.
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Project Timeline:
As the duration of different project phases can hugely impact the final LCoE values, it
is made possible to change these assumptions in the NO500 WEC LCoE model in order
to investigate the impact of delays on the final levelized costs for the investigated
arrays. However, as default, it is assumed that the construction phase will take 1 year,
and the operation phase will take 25 years for all projects investigated in this report to
provide a comparable basis. Even though the decommissioning phase is expected to
take sufficiently less time, the costs associated with it have been included in the CapEx
estimates.

Losses and Unavailability Considerations:
Different sources of array performance loss have been included in the model. Most
notably, electrical losses in collection cables, transmission cables, and substations,
losses due to temperature shutdown, and performance drop due to energy capture of
neighboring devices in the array.
Electrical losses are dynamically calculated based on the size and configuration of each
array, cable size (fixed and variable losses) (Green, Bowen, Fingersh, & Wan, 2007),
distance to shore, and water depth; but typically fall in between 2% and 11%.
Losses due to temperature shutdown has been considered as 0.2% (Crabtree, Hogg, &
Zappala, 2015), and performance drop due to energy capture of neighboring devices
in the array has been assumed as 10% (YOUWINd model, 2019) based on values of
offshore wind energy, since no operational data about these losses is not available for
wave energy.
Considered unavailability values can be divided in three different categories which are
related to device (3% based on estimated MTTR and MTBF values for NO500 device;
refer to OpEx report for details), electrical system (0.5% for collection cables, 0.5% for
transmission cables, and 0.5% for substations) (YOUWINd model, 2019), and grid
unavailability (0.5%) (YOUWINd model, 2019).

Scenarios:
An important design advantage of NoviOcean WEC is that the size of the floating
structure can be easily adjusted based on the wave characteristics of the selected site
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location. Although increased float size adversely affects the total CapEx, it positively
contributes to AEP in a way that it improves the LCoE and capacity factor (CF) overall.
For this reason, two different scenarios have been investigated in this report to analyze
the effect of increased float size on LCoE. First scenario (baseline) considers the
standard fixed area for the floating structure of NO500 WECs (which is 6×25 m2).
The second (future development) scenario is called “adjusted float size” in which the
area of the floating structure will be automatically decided by the model for optimal
yield based on an in-built multi-criteria decision-making (MCDM) tool. Conditions that
govern this MCDM tool are considered as following:
-

-

-

TOPSIS established method has been used.
Decision-making criteria are capacity factor (CF) and CapEx, with equal weight
(importance) distribution.
Width of the floating structure is any integer between minimum 6 meters to
maximum 25% of the average wavelength for the selected site location (higher
values can result in detrimental effect to energy conversion due to cutting of
waves). However, in some cases, the maximum value of 8 meters is considered
regardless of the highest possible width, mainly due to better overall
performance.
Length of the floating structure is any integer between minimum 25 meters to
maximum 45 meters (alternatives with condition L>(8×W) are voided since they
don’t follow design criteria provided by SSPA experts to Novige).
In case of two or more equally favorable alternatives, the MCDM tool will
choose the alternative which has the lowest aspect ratio (L/W) due to easier
construction and transport, as well as better structural strength.
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Results & Conclusions:
Novige’s LCoE model uses all previously mentioned assumptions for estimating and
evaluating cost of electricity for different locations and scenarios. A screenshot of the
model can be seen in Figure 2 below.

Figure 2: A screenshot view of the Novige’s LCoE model interface

LCoE Approach:
Since different approaches and metrics for estimating LCoE exist (Aldersey-Williams &
Rubert, 2019), it is integral to explain the approach used in this report to estimate our
LCoE values. We follow the standard approach suggested by the UK Department for
Business, Energy and Industrial Strategy (BEIS) which is also the chosen approach used
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by IEA OES. BEIS LCoE method is a meaningful metric which returns the constant real
price required to generate IRR equal to discount rate (Aldersey-Williams & Rubert,
2019). This approach uses the following equation:
𝑂𝑃𝐸𝑋𝑡
(1 + 𝑟)𝑡
𝐴𝐸𝑃𝑡
∑𝑛𝑡=1
(1 + 𝑟)𝑡

𝐶𝐴𝑃𝐸𝑋 + ∑𝑛𝑡=1
𝐿𝐶𝑂𝐸 =

Where r is the discount rate, and n represents the economic life of the project. The
discount rate (r) can be assumed based on the country of interest. Figure 3 below
shows the discount rates for offshore wind energy in various countries for two
consecutive years (2017 and 2018). Due to lack of data for wave energy, the discount
rate values used for offshore wind energy are perceived sufficiently accurate since both
industries are similar in nature. Although, due to wave energy being less mature, it is
expected that slightly higher discount rates compared to offshore wind will be
observed in the future.

Figure 3: Discount rate values for offshore wind energy in different countries
(Grant Thornton, Renewable energy discount rate survey results - 2018, 2019) (Grant
Thornton, 2018)
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Figure 4 illustrates how the LCoE values change versus array capacity for both
scenarios (fixed float size and adjusted float size). Note that the high and low limits in
each graph is determined by the maximum and minimum LCoE values among all
investigated site locations.

Figure 4: Comparing LCoE estimates between
“fixed float size scenario” & “adjusted float size scenario”

Results Comparison:
Figure 5 below compares the estimated LCoE values for two different current (fixed
float size) and future (adjusted float size) scenarios with wave energy and offshore
wind in different development stages. As can be seen, after the initial stages, the LCoE
of the NO500 WEC is expected to reach the same levels as of offshore wind.
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Figure 5: Wave energy LCoE ranges at different deployment stages in comparison to
NoviOcean NO500 WEC and offshore wind energy (IEA, 2015) (IRENA, 2018)

Figure 6 compares NO500 WEC’s estimated LCoE values in later deployment stages
to other ocean energies in general for the adjusted float size scenario. As seen in the
graph, it is expected that the cost of electricity for the NoviOcean system would be
lower than the technologies existing to date in the ocean energy sector.
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Figure 6: Comparing LCoE values of NO500 WEC to other ocean energy technologies
(IEA, 2015)

Long-term Trends & Further Developments:
Aside from further LCoE reduction due to adjusting the size of the floating structure,
as well as learning effect, a further improvement trend to be explored in the future is
to implement an actively controlled mechanism to see and adjust the NoviOcean’s
behavior based on seeing the upcoming waves. Such improvement can further help in
optimizing the cost of electricity for NoviOcean WECs by approximately 20-40%.
With this regard, Figure 7 is dedicated to show the anticipated LCoE values in
comparison with other electricity generation alternatives once such system is
implemented and used 2.

2

Disclaimer: Despite our strong confidence in our calculations, the estimated values for levelized cost of
electricity (LCoE) reflected in this report (and also cost estimates of previously published CapEx and OpEx
reports) should be treated as preliminary and are potentially subject to change in the future as we will proceed
through more advanced development stages and consequently higher TRLs.
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Figure 7: Comparing estimated LCoE values to other energy alternatives in commercial scales
(Fraunhofer ISE, 2018)
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“NoviOcean, saving the climate
with profitable wave power!”

www.noviocean.energy
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