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ABSTRACT

Since renewable energy can be a good solution to respond to oil crises, the
disadvantages of using them and increasing energy demand in a sustainable way
in the future, and because the oceans cover two-thirds of the earth's surface,
harnessing the energy of the oceans can be a source of green energy for coastal
areas. At present, the generation of electricity from ocean waves by wave
energy converters is considered as a potential future energy source in many
countries. Currently, the electricity generation from ocean waves by wave
energy converters is considered as a potential future energy source in many
countries. Therefore this study aims to investigate the potential of wave energy
in the Caspian Sea from the Iranian perspective, and in the next step, propose a
framework to select an absorber to harvest this energy. Although there are
studies to assess the potential of wave energy in this region,but none of them
considered more than one type of absorber in the models. To this aim, the wind
data samples of the European Center for Medium-Range Weather Forecasts are
used to model the Caspian sea by implementing Mike 21 software from which
the power and height of waves data are obtained within the years 2001 to 2015.
Based on the results of this phase and the geographical conditions, a weighting
framework is applied to select an absorber for harvesting wave energy. The
results indicate that the best technology to harness energy in the Caspian Sea is
the WEPTOS absorber. This technology benefits from low complexity while

offering high efficiency.

1. Introduction

The oil crisis in the 1970s prompted the world to
explore alternatives for fossil fuels [1]. Furthermore, it
is expected that the world's energy demand will
increase by 30 percent from 2010 to 2040 [2,3].
Renewable energies could be a solution to meet
demand in a sustainable way in the future [4] and since
the oceans cover two-thirds of the Earth's surface,
harnessing ocean energy could be a green energy
supply for coastal regions [5]. Currently, the electricity
generation from ocean waves by wave energy
converters (WECSs) is considered as a potential future
energy source in many countries [6,7]. Fluctuated
power generation due to inherently fluctuations of
renewables such as wind and solar electricity supplies
could cause instability in energy systems. This
instability comes from a mismatch between the
electricity production pattern and electric load profile.
Wave energy converters (WECs) can produce
electricity from the waves with a lower rate of power
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fluctuation and higher capacity factor compared to
wind and solar supplies, which have the capacity
factors around 30% and 20%, respectively [8-11].
Moreover, the wave resources compared to other
variable renewable resources generate energy with
advantages including, predictability, availability, and
less land acquisition [12-17]. Although numerous
research regarding renewable energies utilization has
been conducted in Iran, the wave energy harvesting has
been studied the least. In this study, we intend to
evaluate the Caspian sea shoreline wave energy
potentials and to propose the most befitting wave
energy converter (WEC) technology to harness this
energy. Table 1 provides the details of these projects.
[18].
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Table 1. Specification of renewable energy projects of Iran

Renewable Project name Capacity of

energy project (Mw)

111 installed turbines in
Manjil

43 installed turbines in
Binalud

4 installed turbines in
Tabriz

Darbid Yazd and
SarKavir Semnan Power
plant development
Solar water heater in
Yazd, Khorasan, Sistan
and Baluchestan and
Isfahan

Shiraz solar plant (Vapor 0.25
phase)

Meshkinshahr
geothermal power
plant(Conduct
exploration drilling,
production and injection)
in Ardabil

Construction 3-5 MW
package in Ardabil
Manufacture of semi-
industrial stack
Vanadium redox battery
in Alborz(Energy
reservation)

Feasibility study for
installing of biomass
power plant in Fars and
Khorasan(Survey
potential-land fill)
Construction biomass
power plant in Shiraz
and Mashhad(Land fill)
Feasibility study for
manufacturing of Biogas
in Saveh

Purchase, installation
and operation of 25 kW
fuel cell polymer and
Accessories in Alborz
Semi-industrial scale
pilot projects in
hydrogen technology in
Alborz

61.18
28.38
0.67

Wind

0.012-0.017

Solar 4312

50
Geothermal
3-5

0.001

Biomass and 1.06 - 0.65
Biogass

1.2-0.66

0.6

Fuel cell and 0.025
Hydrogen

0.2

Although the first wave energy converter (WEC) was
created in 1799 in France by Gerard and his son,
Masuda can be recognized as the father of the modern
wave energy. He launched a navigation buoy equipped
with an air turbine, which is now called the OWC
converter. In recent years, the WEC technologies have
improved and developed significantly [19-23].
Moreover, studies [24] tested the commercial size of
WECSs in the oceans to harvest energy from waves. The
value of the wave energy hinges on the wavelength and
wave height [25]. As a result, studies [26] in this field
mostly focused on the aforementioned features to
assess the energy characteristics of wave energy
resources. Studies [25] investigated the potential of
wave energy resources in the Caspian Sea, the Persian

40

Gulf, and the Gulf of Oman and found a large number
of hotspots with high energy potential Iran. Previous
studies [27], with the same regions of study, proposed
three districts in Iran (Qeshm, Chabahar, and Anzali )
as the best candidate for deployment of wave energy
stations using 3-h wind data from 2010. Other studies
[28] found two districts in Iran, including Noshahr and
Babolsar, as attractive locations to install wave energy
converters. Studying 11-year wind data of the Caspian
Sea using the (Simulation Wave Numerical) SWAN
software [29] depicted that the central zone of this
region has the highest wave energy potential while the
northern zone has the lowest potential. In other studies
[30], the same software, SWAN software, is used to
model wave energy resources in the Gulf of Oman in
the south of Iran, indicating 2.8 kW/m annual energy
for this region. Studies found a range of 0.2 and 1.2
kW/m annual energy for the wave energy resources in
the Caspian Sea (Anzali port coast), showing that the
wave power is more considerable in winter and spring
than summer and autumn.

The WECSs are divided into four main categories: Wave
Bodies Active (WAB) [31], Oscillating Water
Column(OWC) [32], Point Absorbers [33] and
Overtopping [34] that can be placed from the shore to
the sea.

Although there are studies [35,36] to assess the
potential of wave energy around the world, there is a
gap in the scope of studies to fully investigate the
different types of absorbers. In Iran, so far, no energy
converters have been installed for capturing the energy
of the Caspian Sea. Therefore, the aim of this study,
initially, is to model the waves characteristics of this
sea, and subsequently choose an energy converter
system by evaluating the characteristics of the sea
waves and examining the dynamic and geographical
features of the Caspian Sea.

2. Model Description

Numerous software can be used to simulate and
determine the wave energy. in the present study, MIKE
software was selected and implemented. Initially, we
model the waves of Caspian sea using the third
generation of Mike 21 SW software. This version is one
of the latest MIKE 21 software modules, replaced the
OSW (Off Shore Wave) module. The SW model is a
third-generation wavelength spectral model which is
used to simulate the production, growth, decay and
transformation of wind-generated waves and swell
offshore and coastal areas [37]. The basic conservation
equations are formulated in either Cartesian coordinate
for a small-scale application. To generalize the
governing equation in geographical and spectral space,
the cell centered finite volume method is applied. An
unstructured mesh technique is wused in the
geographical domain. The time integration is
performed using a fractional step approach where a
multi-sequence explicit is applied to the propagation of
wave action.
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The dynamics of the gravitational waves are described
by the transport equation for wave action density. The
wave action density spectrum is a function of two wave
phase parameters (varies in time and space). The two
wave phase parameters can be the wave direction, 0,
and either the relative (intrinsic) angular frequency, or
the absolute angular frequency. Alternatively, the wave
phase parameters can be also the wave number vector,

k with magnitude, k and direction, 6. The relative
angular frequency, ¢ ,and the wave direction, 0., have
been chosen to formulate the dynamics of the
gravitational waves in the current model.

The action density relates to the energy density by:
N==2

= (1)
where in Eq.(1) N (o, 0) and E (o, 0) stand for action
density and energy density, respectively.

For wave propagation over gradually varying depths
and currents, the relation between the relative angular
frequency and the absolute angular frequency, are
described by the linear dispersion relation:

(2)

= ./gktanh(kd) = w — k.U

Where in Eq.(2) g is the acceleration of gravity, d is
the water depth, w is absolute angular frequency, and U
is the current velocity factor. The magnitude of the
group velocity of the wave energy relative to the
current, cg, is described by:

g
€9 =5, _( smh(de)) (3)
Where in Eq.(3) ¢ describes the phase velocity of the
wave relative to the current follows:

c=5 (@)

A range between a minimum frequency, ¢,,,;,, limits the
frequency spectrum which is split up into a
deterministic prognostic part for frequencies lower than
a cut-off frequency and analytical diagnostic part for
frequencies higher than the cut-off frequency. Based on
WAMDI Group (1988) and Komen et al. (1994), a
dynamic cut-off frequency depending on the local wind
speed and mean frequency is used as in the WAM
Cycle 4 model.

The governing equation, based on Komen et al. (1994)
and Young (1999), is defined as the wave action
balance equation which has been formulated in either
Cartesian of spherical coordinate.

2.1. Cartesian coordinates
The conservation equation for wave action, in
horizontal Cartesian coordinate, can be describes as:

oN Sy S
Z4+V.(BN) == (5)
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Where in Eq.(5) N(X. 0. 6. t) depicts the action density
and t shows the time, x = (x.y) is the Cartesian co-
ordinates, S is the source term for the energy balance
equation, and U = (cy,Cy,Cq, o) refers to the
propagation velocity of a wave in the four-dimensional
phase space X, o and 0. V is the four-dimensional

differential operator in the X, o, 6-space. The four
characteristic propagation speeds are described by:

T — -4
(cx. cy) = d—f =cg+U (6)
do - U
=== £—+U|7d] cgk. 2 7
6 _ dogad | 7 au
=%~ " %ladom " “om (8)

Where in Eq.(7) s represents the space coordinate in
wave direction 6, and in Eq.(8) m is a coordinate
perpendicular to s. Vi Is the two-dimensional
differential operator in the x-space.

2.2. Spherical coordinates

The conserved property is spherical coordinates, is the
action density N(%,0,6,t). Here, ¥= (¢,\) is the
spherical co-ordinates, where ¢ is the latitude and A is
the longitude. The action density N is related the
normal action density N (and normal energy density E)
while Ndod@d¢pdA = NdodOdxdy, or:

ER?cos ¢

N = NR?cos ¢ = (9)

o
Where in Eq.(9) R shows the radius of the earth. The
wave action balance equation in spherical polar
coordinates is following:

azv 0 0
afl—') C¢N + ClN +
5
%CJN +£C9N —; (10)

Here in EqQ.(10) $(%,5,0,t)=SR? cos ¢ is the total source
and sink function. S is the energy source term which
depicts the superposition of source function describing
various physical phenomena:

S =8m+Su+Sas + Spor + Ssurf (11)
Here in Eq.(11) S;, represents the generation of energy
by wind, S,,; is the wave energy transfer due to non-
linear wave-wave interaction, S, is the dissipation of
wave energy because of white-capping, Sp,: IS the
dissipation because of bottom friction and S, is the
dissipation of wave energy because of depth-induced
breaking.
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The spectral moment of order ith for the calculation of
spectral wave parameters is computed by the equation
in mike 21 SW model:

my= " [CE(f.0)fidfde

Where in Eq.(12) E(f,0) is the direct spectrum of wave
energy and f is the wave frequency. Thus, the height
characteristics of the wave Hs, the wave period Te and
the mean period of time Tm are obtained from the
following equations:

Hs = 4/m,

(12)

m—q

Te = —_ (13)
T =72

The flux of energy per unit length, so-called wave
power, P, is defined by equation (14):

P=pg [ [T c,(f-O)E(f.0)df db (14)

Where in Eq.(14) p is the density of the seawater as
follows. In deep water(d> 0.5L) follows equation (15):
2

P =5 HZT, ~ (0.49)HZT, kW /m (15)
2.3. Model setup

Data from monitoring wind for 6 hours at a distance of
10 meters from the ECMWF (European Center for
Medium-Range Weather Forecasts) was used with a
resolution of 0.75x0.75 square kilometers in order to
model the sea waves. To validate this model, results are
compared with the measured data of buoys on the
Anzali coast with geographical coordinates of 49.52
degrees north and 37.55 degrees eastern within May
2003 to June 2003 as well as city of Neka with
geographical coordinates of 51.51 degrees north and
37.87 degrees east from October 2006 to May 2007.

2.4. Model Validation

The model validation is done using the aforementioned
parameters and periods. For a more accurate evaluation
of the accuracy of the validation results, for each of the
courses, the scatter results are plotted and the statistical
parameters that represent the accuracy of the matching
two series of data are presented. These parameters
include: Model skill (la), Scattering Index (Sl),
Correlation Coefficient (CC), BIAS and Root Mean
Square Errors (RMSE).

Each of the above parameters are described in the
following statistical relationships where x is the
statistical series for results of the measurements, y is
the statistical series of the results of the mode, x and ¥
are mean of each of these two series and n is the total
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number of data in the statistical series. The results of
the final validation are described in detail in Table 2.

l,=1- Z(Xi_yi)z 2
(% ~X|+|y, - ¥]) (16)

JE2(0 )09
Sl = _

X
CC = 2(Xi _K)(yi B 7)
V= = X)*2(y, - ¥)?
Bias = (Y —X)

RMSE = ,fEZ(yi —X)?
n

Table 2. Summary of error values obtained at the Caspian Sea
Validation Station

H (m)
1, SI  CC BIAS(m) RMSE(m)
Anzali 089 089 082 0.11 033
Neka 093 045 089 0.15 0.37
T, (s)
Anzali 079 034 076 0.86 1.38
Neka 089 021 079 0.01 111

As can be seen in Figures 1a and 1b for port of Anzali
and Figures 2a and 2b for port of Neka as well as Table
2, the modeling results show a good fit based on the
measurement values in the mentioned time periods.
Thus, the modeling of the Caspian Sea for 15 years
from 2001 to 2015 is performed using the proposed
model.
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Figure 1. wave characteristics of port of Anzali in 2003

Figure 2. wave characteristics of port of Neka in 2003
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3. The simulation of the Caspian Sea waves

3.1. Caspian Sea Wave

In this section, we provide details about modeling
Caspian Sea for 15 years (from 2001 to 2015). Figure
3 shows the location of the Caspian Sea which is
located between the 47.13 and 36.34 latitudes and
46.43 and 54.51 longitudes. The Caspian Sea ,with
7000 km shoreling, is the largest lake around the world
surrounded by Iran in the south, Kazakhstan and
Turkmenistan in the east and Russia in the north and
North West and Azerbaijan in the west.

Figure 3. Location of Caspian Sea

The associated counter related to the wave heights in
2015 is shown in Figure 4 and Figure 5. As it can be
seen, due to the low wind speeds in the spring, the
average wave height is about 1 meter in the first season
of the year for April to May months. Though, with the
arrival of the summer season, due to the high
temperature variation within day and night, the wind
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Speed has increased and the average wave height
increased slightly and reached about 2 meters, around
twice that of the spring. In the autumn, the wave height
values in the Caspian Sea peak, and this amount
decreases slightly in winter, but with thesecontours, it
can be seen that the highest wave height values occur
in the autumn and winter seasons.

Sign. Wave Hedght (]

w0 se 0 s wo  sa so s

ST 15000

20 s w0 S0 520 S0
fdez] [deg]
6302018 18:00:00

5312015 15:00:00

Figure 4. Counter of the Caspian Sea wave peaks in the first
half of the year
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Figure 5. Counter of the Caspian Sea wave peaks in the
second half of the year

Figure 6 depicts the locations which has been chosen
for further investigation on the southern coast of the
Caspian Sea. The main criteria for choosing these
points is their importance based on harbor activities.
Therefore, in commercial or fishery ports, the results of
modeling and statistical analysis are presented with
higher accuracy than the other points. These 23 stations
are represents of the region of the case study which are
described in Table 3.

N38:45"

N38:15+

Figure 6. Location of the Chosen Stations

Table 3. The characteristics of the selected wave stations

Selected Coordinates Water Closest urban
point (Lon/Lat)(®) depth(m) centers

P1

P2

P3 49.09N,3790E -155 Talesh

P4 49.23N,37.74E -26 Paresar
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P5 49.41N,37.65E -56 Sangachin

P6 49.62 N, 3758 E -235 Hassanroud
P7 49.84 N, 37.57E -287 Hagi Bekandeh
P8 50.14 N, 37.52E -272 Mohsen Abad
P9 50.34 N, 37.40E -250 Amirabad
P10 50.48 N, 37.26 E  -366 Rudsar

P11 50.66 N, 37.17E -380 Oshiyan

P12 50.83 N, 37.06 E -349 Ramsar

P13 51.03 N, 36.97E -471 Tonekabon
P12 51.22N,36.94E -551 Nashtarud
P13 51.44N,36.92E -584 Namakabrud
P12 51.69 N, 36.83E -499 Nowshahr
P13 51.85 N, 36.83E -488 Tooskatok
P14 52.08 N, 36.83E  -467 Nur

P15 52.27 N, 36.85E -379 Mahmudabad
P16 52.50N,36.90E -392 Sorkhroud
P17 52.76 N,36.95E -213 Babolsar

P18 53.01N,36.99E -176 Khazarabad
P19 53.24 N,37.06 E -95 Zeynaroud
P20 53.49N,37.13E -21 Emamadeh
P21 53.76 N, 37.15E -10 Bandar Torkaman
p22

P23

The result of the modeling is presented as wave
characteristics and wave roses graphs. The simulation
was performed for the selected stations and the mean
results for fifteen years were presented in Figure 7. As
it can be seen in this Figure, the selected stations P6 to
P19 have the highest amount of wave power in the
central-southern side of the Caspian sea which makes
them suitable locations to harness wave energy. This
potential wave energy in the west-southern and east-
southern sides is lower compared to the central side (the
eastern side has the lowest wave power potential). In
the spring, due to low-speed wind blowing in the
Caspian Sea, the wave power reaches its minimum (see
Figure 7 (a)). This power increases in the summer by
raising the wind speed and then reaches its highest
value in the autumn. The wave power in the winter and
autumn is almost twice the power in the summer and
spring for the region of the case study (see Figure 7).
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Figure 7. The measured mean wave power within the 15
years period for the selected stations in: (a) spring, (b)
summer, (c) autumn, (d) winter and (e) annual

Figure 8 represents the wave rose, wind rose and power
rose charts of the selected stations during the period of
15 years. Each unit in the x and y axis correlate to 10%
of the total surface. The efficiency of the WECs highly
hinges on the wave direction which should be consider
in the installation procedure. The simulation results
show that the direction of the waves, on the southern
coast of the Caspian Sea, is towards north-east for the
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west side, towards the north in the middle side, and
towards north-east for the east side.

4. Wave Energy Converters

4.1. Technologies

To select the best converter for the Caspian Sea wave
energy recovery, a variety of wave energy converters
are evaluated in the next section. There are currently
about 80 technologies for wave energy conversion.
Wave energy converter systems can be categorized into
four main categories, including wave-activated bodies,
point absorbers, oscillating wave columns and
overtopping systems. These categorizations are based
on installation and deployment on shoreline, offshore,
or on the sea bed and a brief description of each
provided in this subsection [38—-41].
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Figure 8. wave rose diagrams from the fifteen-years modeling

Active devices operate by moving relative oscillation
bodies from the wave motion. These devices include an
unbreakable reference that the absorbing body can
fluctuate towards, and the energy is constrained by the
power transmission system via dipping or resisting
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movement of these objects. The converters are Pelamis
[42], DEXA [43], WEPTOS [44], Anaconda [45],
SEAREV [46], Salter Duck [47], McCabe [48],
WaveRoller [49], Oyster [50], and BioWave [51], the
characteristics of which are given in Table 4.

Table 4. Characteristics of WAB devices

be the most efficient method, since its efficiency is
about 80% with a relatively simple mechanism and is
resistant to storms. The characteristics of these
converters can be found in Table 6 which include
OSPREY [56], Limpet [57], Mutriku [58] and Mighty
Whale [59].

Table 6. Characteristics of OWC devices

Water Average Output
Device Type Depth  Wave Power  Power
(m) (KW/m) (kW)
osprey  Hleatingon ;g 50 500
sea surface
Limpet Fixed on 6 20 113
coast
Mutriku Fixed on 5 26 68.5
coast
Mighty Fixed on
Whale sea surface 40 15 110

Water Average Output
Device Type Depth  Wave Power  Power
(m) (KW/m) (KW)
Pelamis  loating on 50 40-70 750-2250
sea surface
DExA  Floatingon o, 10 160
sea surface
wepTos Fixedon 16.3 39 925
sea surface
Anaconda  leatingon g 50 1000
sea surface
SEAREY ~ ixedon 50 40 500
sea surface
Salter Duck  leatingon 4, 24 375
sea surface
McCabe  Floatingon o, /4 53 257
sea surface
WaveRoller ~ xedon 540 40 300
sea coast
Fixed on
Oyster seabed 20 19 200
Biowave  Fedon oo 4, 35-50 250
seabed

4.1.2 Point Absorbers

Point absorbers are devices that move their relative
oscillation bodies via wave motion. These devices
include an unbreakable reference that the absorbing
body can fluctuate towards, and the energy is
constrained by the power transmission system by
dipping or resisting movement of these objects. OPT
Power [52], AquaBuoy [53], WaveBob [54] and
Archimedes Wave Swing [55] are of a variety of
converters, and their characteristics are described in
Table 5.

Table 5. Characteristics of Point Absorber devices

4.1.4. Overtopping Devices

These systems are partly dipped in water, which uses
wave energy to transfer seawater into a sloping canal
and fill a reservoir. Using the height difference, low
height turbines move and generate energy. The
characteristics of Wave Dragon [60], Tapchan [61] and
Sea Slot-Cone Generator (SSG) [62] are described in
Table 7.

Table 7. Characteristics of Overtopping devices

Water Average Output
Device Type Depth  Wave Power  Power
(m) (KW/m) (kW)
Wave Fixedon =, 4 60 625-940
Dragon sea surface
TAPCHAN ~ Fixedon 20 20-30 350
coast
SSG Fixedon ¢ ;g 14-16 49-62
coast

Water Average Output
Device Type Depth  Wave Power  Power
(m) (KW/m) (kW)
OPT Power  Hloatingon 4, ¢, 50 40-500
sea surface
Fixed on
AquaBuoy sea surface 45-76 20-50 250
WaveBob ~ xedon 5 oy 70-80 131
sea surface
Archimedes Fixed on
Wave 43 30-40 221
. seabed
Swing

4.1.3. Oscillating Water Column (OWC)

Oscillating Water Column is an offshore deep water
converter which compresses the air above the surface
of the water and the swells cause the water column to
force the air through an air turbine, resulting in the
movement of the turbine. This method is considered to
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4.2. WEC Selection Framework

The factors affecting the selection of a wave energy
converter in the Caspian Sea are divided into two main
parts; the first part is related to the physical conditions
associated with the Caspian Sea, and the second part is
related to the structural properties of the wave power
converter. Having considered all these criterions, the
most suitable energy converter for Caspian sea is
selected.

e Wave energy potential: As shown in Figures
7 and 8, the waves of the Caspian Sea have a
characteristic wave height of 0 to 2 meters and
a potential power average of 1 to 4 kilowatt-
per-meter near the coast.

e The converters power output: The amount of
power generated by a device that is normalized
according to mass, volume, and capital cost.
This factor is the most important decision
making parameter. Each wave power converter
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system is rated on a scale of 1 and 10 points
based on its power generation potential.

e Sea-bed conditions: Wave energy converters
that are hooked to the seabed cannot be
deployed in the Caspian Sea due to its
relatively unstable seabed. Hence we assign a
score of 1 for systems that are fixed onto the
seabed, a Score 4 for systems that are fixed on
the shore, a score of 7 for systems floating on
the surface of the water, and a score of 10 for
converters that do operations without need of
seabed.

e The development of wave power converter
devices: Wave energy converters vary in terms
of technology advancements and development.
Figure 9 depicts the share of each technology
in worldwide wave power generation [24].
Therefore, score 10 for point absorber buoy
converters, 6 for WABs, 3 OWCs, and 2 scores
for overtopping converters are assigned,
respectively.

m Wave Actived Bodies

H Point absorber
Oscillating water
column

m Overtopping

u Other

Figure 9. The share of each WEC in the worldwide wave
power generation [24]

Based on the above factors, the specific scores for each
technology of the available wave energy converters are
given in Table 8 based on which the total score of each
device is calculated and shown in Figure 10. As it can
be seen, the best technology to harness energy in the
Caspian Sea is the WEPTOS device which benefits
from low complexity while offering high efficiency.

Table 8. Related parameter scores for wave energy absorbers
to be used in Caspian sea

Device Device Progress  Sea Condition Power
Pelamis 6 7 10
DEXA 6 7 6
WEPTOS 6 10 9
Anaconda 6 7 7
SEAREV 6 10 5
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Salter Duck 6 7 6
McCabe 6 7 2
WaveRoller 6 4 3
Oyster 6 1 4
BioWave 6 1 2
OPT Power 10 7 2
AquaBuoy 10 10 3
WaveBob 10 10 1
Archimedes

Wave Swing 10 ! 2
OSPREY 3 7 4
Limpet 3 4 2
Mutriku 3 4 1
Mighty Whale 3 10 3
Wave Dragon 2 7 7
TAPCHAN 2 4 5
SSG 2 4 2

Limpet

McCabe
Salter Duck
SEAREV
Anaconda
WEPTOS
DEXA
Pelamis

WAVE ENERGY ABSORBER

] 5 10 15 20 25 30
Figure 10. Evaluation of the wave energy absorbers

The structural shape of the WEPTOS device is similar
to the letter A. This converter is comprised of two
symmetrical arms, each of which consists of 20
separate rotors [63]. The rotors on each arm are
connected to a separate generator. The transfer of
torque from arm to the generator is carried out through
a gear mechanism. The angle of the arms varies
depending on the weather conditions. In less extreme
near shore climates, the arm length increases in order
to harvest the maximum wave energy from a wide
range of ocean waves. This enhances the energy
produced and covers a wider range of waves, which
significantly increases the average annual energy
received from the waves. Furthermore, in extreme
storm condition, the angle between the arms decreases
to prevent structure damage due to the force applied
through the waves. In such a situation, minimizing
cross-sectional area of the device exposed to the waves,
the maximum force from the maximum force applied
to the device in the normal state does not exceed. This
device has the following distinctive features that
distinguish it from other converters [64]:
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e High efficiency

e Low capital cost

e Scalability of the device (depending on the
conditions, adding or lowering the rotor
modules can reduce or increase the capacity of
the converter)

e Suitable for low height of waves (for example,
for waves with Hs between 0 and 3 meters and
Tp between 3 and 7 seconds [44])

5. Conclusions

This study aimed to investigate the potential of wave
energy in the Caspian Sea from the Iranian perspective,
as a baseline for a framework to select an absorber to
harvest this energy. To this aim, the wave power
potential was evaluated using the 15-year period
annual, seasonal, and monthly wind data from
ECMWE for 23 selected stations on the southern side
of the Caspian Sea. Furthermore, these results, from the
simulation performed by MIKE, were validated based
on real data for two stations, including the Anzali and
The Neka stations. The error measurement factors such
as RMSE and BIAS factors showed great goodness of
fit to simulate the wave energy in the region of the case
study.

In the next step, a framework is proposed to select an
absorber for harvesting the wave energy on the
southern coast of the Caspian Sea based on the results
of this phase and the geographical conditions. The
results indicate that the best technology to harness
energy in the Caspian Sea is the WEPTOS absorber.
This technology benefits from low complexity while
offering high efficiency.
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