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Abstract - In this study, the measured wave data for year 2010 at 3 hour time step for six sites in the Caspian sea, Persian Gulf and
Oman Sea of Iran have been statistically analysed to determine the wave power potential of Iranian coastlines. The statistical attitudes
allows to estimate the significant weight height (Hs), peak wave energy period (T;), and the wave energy flux for unit of crest length.
This preliminary research aims to assess the nearshore wave energy potential and ultimately identify the best Wave Energy Converters
(WECs) technology for the peculiar wave climate of the studied areas. Results show that wave power in Qeshm, Chabahar and Anzali
presents the best potential and thus are the most indicated to be studied further the installation of Wave Energy Converters.
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1. Introduction

Nowadays, environmental concerns and the growing energy demand urge humankind to find renewable sources of
energy in alternative to current options [1]. Global energy demand is expected to increase around 35% from 2010 to 2040
[2]. Thus, on one hand the number of researches about coastal and marine areas risk assessment [3-4], oil spill detection [5-
9] biodiversity vulnerability [10] hazardous and noxious substances risk assessment [11] is ever increasing; on the other hand
a transition to alternative, low-carbon and Renewable Energy Sources (RES) is now a fact [12-17] even if fossil fuels still
cover about the 80% of the total primary energy consumption [18] In this context, wind and solar energy have assumed a
leading role [19] while exploitation of wave energy became one of the most challenging technological issues [20]. The
worldwide theoretical wave power potential has been calculated as 29,500 TWh/y [21].

Iran is not an exception, the air above its territories is amongst the most polluted in the world, particularly in terms of
PM2.5 concentrations that is the most harmful air pollutant for human health [22]. These days, Iranian government started
research on renewable energies especially marine green energies given the long coastlines of the country. In fact, Iran
shoreline overlooks the Caspian sea in the north, Persian Gulf and Oman sea in the south. The Persian Gulf is the third largest
bay in the world and runs from the east through the Strait of Hormuz and the Oman Sea to the Indian Ocean and the Persian
Gulf. The Caspian Sea is considered to be the largest lake in the world, it is interested by significant changes in water levels
[23]. In Caspian Sea, the water depth in the south and west sides in Iran is high, therefore Caspian Sea presents a high
potential to convert waves energy into electricity by means of WECs [24]. The high potential of Caspian Sea has been
evaluated and described in [25] where its level and wave height variations have been analysed. The wave energy in a coastal
location is very important for extracting energy but it has to be considered the WECSs technology that is more appropriate for
the peculiar conditions usually encountered in that area [26]. Experimental tests show that increasing the water depth causes
an increment on the WEC oscillation and of heave and pitch directions [27]. WECs technologies can be classified according
to their depth and location [28]. Among those, they can be categorized as onshore, nearshore (water depths between 20-25m)
and offshore (water depths over 25m) [29-34]. In recent times, researchers have made great contributions toward the
assessment of wave energy potential for various seas in many regions and countries, based on the analysis of wave. Wave
energy has been reviewed by a number of investigators including; Vicinanza [35], Alamian [27], luppa [34]. Considerable
works have been undertaken on wave energy assessment in several areas of: Italy [35-36], Ireland [37], Portugal [20], France
[38], USA [39], Romania [30], Canada [40].

The present work focuses on a detailed assessment of nearshore wave energy potential in the Caspian Sea, Persian Gulf
and Oman Sea. In this study, the measured wave data (i.e. wave height and peak wave energy period ) relative to year 2010
at 3 hours trend for six point in the Iranian Coastlines have been statistically analysed to determine the wave power potential.

ICEPR 180-1



The statistical attitudes allows to estimate the significant weight height (Hs) and the peak wave energy period (Tp). At the
end, we suggested several converters for installation in those areas.

2. Analysis of Wave Data

The data set used for the simulation was developed by the Iranian National Center for Ocean Data (INCOD). INCOD
has been established to provide useful services in the field of oceanographic data management for marine researchers and
organizations. This portal is accessible through the following address: http://incod.inio.ac.ir, users can access metadata
records, atlases and data catalogues through the portal. INCOD has to guarantee a very high standard of quality for all the
data provided. In particular, INCOD needs to follow the Quality Management Framework that is imposed to all the National
Oceanographic Data Centers (NODCs), it provides strategy and guidance to implement quality management systems to
ensure the delivery of high quality data and services. It is noteworthy that out of more than 80 NODCs in the World, just 4
countries have been awarded with the diploma of International Oceanographic Data Information Programme and INCOD is
one of them. In particular regarding significant wave height and mean wave period, INCOD uses the GTDHZZ01 and the
WVST standard respectively.

The data had a three hours time step and covered one year, from 01/01/2010 - 31/12/2010. The data obtained were the
significant weight wave height (Hs) and the peak wave energy period (T,) for six case study areas in the Caspian sea, Persian
Gulf and Oman Sea. Fig. 1 shows the position of the six study areas (points Amirabad HS 1, Anzali HS 2, Noshaher HS 3 in
Caspina Sea, point Chabahar HS 4 in Oman Sea and points Kish HS 5 and Qeshm HS 6 in Persian Gulf) and in Table 1, the
data relative to the considered locations are shown.
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Fig. 1: Map points of study in this paper (Yellow Numbers).

Table 1: points study of Caspian Sea, Persian Gulf and Oman Sea details.

Point Site Depth Distance Lat [°] Lon [°]
(m) from coast
(m)
1 Amirabad HS 25 550 36.9343 53.3277
2 Anzali HS 25 300 37.4893 49.4822
3 Noshaher HS 25 220 36.6974 51.4692
4 Chabahar HS 26 400 25.2635 60.6259
5 Kish HS 23 550 26.4931 53.9853
6 Qeshm HS 26 500 26.7697 56.0827
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3. Results
3.1.Hsand Tp

In the first phase of the study, as shown in Figs 2-7, annual wave Hs and T, with a time step of 3 hours for six different
site have been examined i.e. Amir Abad, Anzali, Noshaher, Chabahar, Kish, Qeshm. The present work focuses on a detailed
assessment of wave energy potential in Iran.
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Fig. 2: Amirabad HS 1 significant hourly wave height H;s in (a) and significant hourly wave energy period T in (b).
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Fig. 3: Anzali HS 2 significant hourly wave height Hs in (a) and significant hourly wave energy period T in (b).
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Fig. 4: Noshaher HS 3 significant hourly wave height Hs in (2) and significant hourly wave energy period T, in (b).
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Fig. 5: Chabahar HS 4 significant hourly wave height Hs in (2) and significant hourly wave energy period T, in (b).

oo 2000 2500 3000

oo 2000 2500 3000

(@) (b)
Fig. 6: Kish HS 5 significant hourly wave height Hs in (a) and significant hourly wave energy period Ty in (b).
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Fig. 7: Qeshm HS 6 significant hourly wave height H;s in (a) and significant hourly wave energy period Ty in (b).
Except for the site of Kish, all the other sites presents an average Hs in the range of 0.46-0.59 m. Also regarding T, the
sites have a similar behaviour. In fact, T, oscillates between a range of 2 to 8 s with the average values around 3.1-3.9 s; the

only exception is the Kish site that presents a maximum T, of 1.75 s, a minimum of 0.26 s and an average peak wave energy
period of 0.74 s. Once the Hs and the T, trends and average have been assessed the wave energy potential has to be evaluated.

3.2. Wave Energy Potential
The wave power exploitable from the Caspian Sea and Persian Gulf and Oman Sea has been estimated by means of
Equation 1 [41][30][20];

1
1
= g P9H @)

Where H;s is the significant wave height (m), T, is the wave period (s), and P is the wave energy flux per unit of wave-crest
length (W/m). Substituting p=1000 kg/m? and g=9.81 m/s? in the above equation, the power can be calculatedas follows:

P = 479H§Tp )
Fig 8 depicts the monthly power determined by measured data for the six study areas.
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Fig. 8: Monthly wave energy flux per unit of crest length in year 2010 (W/m).

In Fig 8, the assessment of the monthly and yearly mean wave power has been summarised. The extent to which
extracting energy from waves represents a realistic opportunity is concluded by economic considerations that have to account
for site specific characteristics such as sea bottom surface typology and distance from the electric grid or from the energy
load. As preliminary analysis, in this study the most suitable site for wave energy exploitation have been identified
considering exclusively wave energy fluxes. Hence, the most suitable site is Qeshm, it presents an wave energy flux per crest
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length of almost 600 W/m. It is followed by the sites of Anzali and Chabahar that have a wave energy flux of almost 500
W/m.
In order to envisage potential location for WECs in 6 points of this study, the power density of the study areas, according
to T, and Hs contour, was computed and it is shown in Fig 9-14. Combined scatter and energy diagrams have been created
so as to illustrate the contribution of different sea states with different significant wave height and period to the annual wave
energy. The most frequent sea states is an essential feature of the marine climate in order to identify the best WEC technology.

In fact, WECs have different performance depending to Ty and Hs.
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Fig. 9: Scatter plot Amirabad HS 1 wave power 2010.
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Fig. 13: Scatter plot Kish HS 5 wave power 2010.
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Fig. 14: Scatter plot Qeshem HS 6 wave power 2010.

Finally, some consideration about the best WEC technology for harvesting wave energy have been develoepd. In
Table 2, the characteristics of three nearshore WEC technologies are shown. From this preliminary analysis, those WECs
have been identified as the best technologies for the six study areas given the wave climate that is mainly characterised
by wave with Hs around 1 m and Ts in a range between 2 and 6 s.

Table 2. The characteristics of WECs device [42-43].

Water depth Mean wave power Output power Generator Photograph
WECs (m) (KW/m) (kW) position
Wave 20-30 24 40 In water
Dragon
Wave Star 2-30 24 500 — 6000 Over water
surface
Oyster 25-40 35-50 250 Fixed Bottom -~ f\vg/

In this work, the total wave power was used because our first aim was to describe the energy flux due to wave
propagation. To establish the fraction of extractable resource, more detailed considerations about wave energy conversion
technologies were required. It is expected that, depending on the selected site characteristics, some technologies could be
more efficiently used than others. In any case, the selection of the optimal capturing scheme is a complex matter which
cannot be done in a preliminary analysis.

4. Conclusion

In this study, one year wave data (2010) with a three hour time step provided by INCOD have been analysed. A
preliminary study of 6 different sites in the Caspian sea, Persian Gulf and Oman sea has been presented. This work aims at
preliminary assessing wave energy potential around Iranian coastlines and identify potential locations for use WECs, such
results have to be considered exclusively as a first step of the analysis, and detailed examination and feasibility analysis are
required. Hence, the most important parameters to determine a wave climate about six locations that are representatives for
Caspian Sea, Persian Gulf and Oman Sea are described. Results obtained show that the wave energy potential is low in all
the nearshore locations that have been studied. The most interesting sites, whose potential justify further investigation are
Qeshm, Anzali and Chabahar with an energy flux per unit of crest length range between 500-600 W/m. Some WECs
nearshore technologies have been suggested. According to the site-specific wave climate that is characterised by a low Hs
(i.e. in the range of 0.46-0.59 m) and an average period between 3.1-3.9 s, the specific design of new WEC technologies
should performed according to the mentioned wave characteristics.
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