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Wave energy potential for three points located in Delta state of Nigeria
along the Gulf of Guinea has been determined. The points were indicated
as NDeltl located 0.63 km distance from the shoreline along Benin river,
NDelt2 located 2.89 km from the shoreline along Escravos river and
NDel3 located 2.41 km distance from the shoreline along Forcados river
bars. Ten years (2014 to 2023) dataset at the horizontal resolution of 0.5°
X 0.5% with hourly temporal resolution were been obtained from ERA5 of
the European Council for Medium Range Weather Forecast (ECMWF).
The results shows that the average wave power densities of NDeltl,
NDelt2 and NDelt3 are 23.96, 25.71 and 23.13 kW/m respectively. The
wave power density is maximum during summer season and minimum
during winter for both locations. During the summer season, NDelt1 has
the average power density of 36.01 kW/m with NDelt2 having 43.38
kW/m and NDelt3 has 35.16 kW/m. while during winter season, NDelt1,
NDelt2 and NDelt3 has wave power densities of 12.35 kW/m, 27.1 kW/m
and 12.99 kwW/m respectively. The total wave power and energy density
for the three stations are 72.79 kW/m and 6159.17 MWh/m indicating
that the wave resource for electricity generation is available.

1. Introduction

Resources, designs and economic analysis associated with renewable energy remain one of a key
figure in the modern research [1,2]. This became necessary as a result of too much concern on the
increase in climate change. However, as the water covered two-third of the world surface, abundant
resources within ocean could provide adequate energy security globally without contributing a
single portion to global warming [3]. Different technologies applied on different resources in the
ocean were been utilize to generate electricity[4]. One of such technology is the utilization of the
kinetic energy of water in the ocean for electricity production. Even though sea water wave study
might have a little bit complex compared to other renewable sources due to the constraints
associated with it, but enormous energy resources were eminent as the density of water is much
higher to generate reasonable amount of electricity [5].

Spatial and temporal resolution should be considered when dealing with the variation of wave
energy distribution. The effect of bathymetry as well as the timescales for specified locations within
the ocean coincide with the sea bed characteristics and it associated energy [6,7]. Therefore,
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appropriate long-term statistical assessment for the distribution of wave energy resources to identify
a suitable location should be carried out before setting a wave power plant project. This will also
help in selecting the optimization type on the wave energy converter (WEC) and it operational
requirement [8].

As the result of non-stop effort in the development of the wave model numerically, these enhanced
the transformation model associated with high-spatial resolution designed primarily for coastal
finite water depth or shallow) environments [9]. The transformation models played an important
role in an understanding the constraints associated in all the four wave processes of the coastline
water. These processes involved the generation process due wave growth by wind, propagation
process (reflection, refraction, diffraction, blocking and shoaling), the transformation process
(quadruplets and triad nonlinear wave-wave interactions), and dissipation process (depth-induced
wave breaking, white capping and bed friction) [10].

Several researches have been executed using wave data obtained from difference forms (measured,
satellite and simulations) and timescales for various locations across the globe. For example,
forecast series data for the period of seventeen years (1996 to 2013) has been used to estimate wave
energy resources of the Island of Menorca in space. The data used was from the hindcast wave
climate database using WAM model under the wind production constraint of HIRLAM territorial
atmospheric model. The data obtained was from the buoy at a depth of 300 m was used to validate
the WAM data. The average wave power obtained was 8.9 KW/m with the average annual energy
of 78 MWh/m [11]. AnsWAM model for wave direction hindcast (1997 to 2008) was used to
estimate the average power of 25 — 35 KW/m with the convey average energy of 800 — 1100 GJ/m
of energy in a year within the Tasmania/Victoria, South Western and South region all in Australia
[12]. Parameters of the significant peak periods, wave directions and wave height hindcasted for
twenty-four years’ periods (1979 - 2003) was used to assessed the maximum monthly averaged
wave power of around 25 K/m of the Southwestern side of the Korean Peninsula in winter. The
parameters used was extracted from wave buoy deployment and compared with the simulated data
obtained from SWAN which were validated based on adjustment procedure [13].

Wave energy resources were assessed via numerical simulation of third-generation ocean model for
the period of ten years (2001 to 2010) using high-resolution wave assessment in Mediterranean Sea
with Western Sardinia coast and Sicilian Channel having profitable territories for wave power
projects [14]. A near-shore of 50 m depth parameters of 15-years ocean wind-wave through model
simulation data has been used to obtain an average wave energy of nearly approximation of 200
Mwh/m within the part of Peniche of Nazare in Portuguese coast [15]. Assessment of wave Energy
Potential along the Erosion Prone Coast AT Ullal, Karnataka in India was carried out using MIKE
21 SW simulated data and the average wave power in the two points were 17Kw/m and 21 kW/m
[16]. Another wave energy research was taken place for four points in Northern Zhoushan
Archipelogo using SWAN wave model for 10 years period and average wave energy potential of
349MW, 302MW, 318MW, and 387MW were obtained in those islands respectively [17].
Alternatives methods and data sources has been used for similar purpose to harness the wave
resources in various coastlines of many countries including China, England [18, 19, 20], Italy [21],
United State States [22].

In Africa, wave resources assessment were being carried out in countries like Cape Verde from a
period of 1979 to 2009 with an annual average power of 18kW/m [23], Morocco [24] and Benin
Republic. A wave resources assessment was conducted in Benin Coastlines in which a wave buoy
was deployed at a depth of 15 m and 6 km offshore away from Cotonou port for the period of eleven
months (December 2015 to October 2016). The wave parameters (significant wave height, mean
wave period and direction) with a temporal resolution of 6 h obtained from the wave buoy was used
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to validate ERA40/ERA-Interim provided by the European Centre for Medium-Range Weather

Forecasting (ECMWF). The wave energy resource available in the Benin’s Coastline has been
estimated to be 144.99 MWh/m per waveform [25].

In Nigeria, research was carried out on the statistical wave description of Forcados Offshore for
shallow water using two years (1980 to 1982) in-situ measurement dataset obtained from Shell
Nigeria to predict extreme short- and long-term significant wave heights in that location. The result
shows that the description of the wave is not dominated by the swell and further research was
encourage using adequate data [26].

Niger-delta of Nigeria is located in the Gulf of Guinea which falls within the latitude (4.15°N—
7.17°N) and longitude of (5.050E — 7.17°E) is a wetland of about 70,000 km? covers by rivers,
streams and creeks with low lying swamp terrain. This makes it the largest in Africa and largest in
the world when it comes to wetland [27, 28]. This shows that wave resource potential is likely
available.

However, despite the fact that the communities situated around the study areas has enormous marine
resource potential, they relied heavily on diesel generators for electricity generation which is
associated with pollution that affect the communities’ farming and fishing activities. Hence, there
is need in assessing those marine resource potentials. Wave power potential of the site for electricity
generation will be considered in this work.

This research will focus on the assessment of wave power potential for three points located at along
Benin river, Escravos river and Forcados river. Hence, Benin river will be considered as NDelt1 in
this work, while Escravos and Forcados river as NDelt2 and NDelt3 respectively.

Marine renewable energy research is at its early stage of development globally; Hence, Nigeria
should not be excluded considering the amount of megawatt of electricity the country is currently
generating.

2. Materials and Methods

2.1.Study Area

The total area of study are three points (NDelt1, NDelt2 and NDelt3) covered 4.14 km? area marine
sites in Delta state, Nigeria. The specified points are 0.63 km from the shorelines (latitude
5.758926°N, longitude 5.065616°E) along the Benin River, 2.89 km from the shorelines (latitude
5.585180°N, longitude 5.170548°E) along the Escravos River, and 2.41 km from the shorelines
(latitude 5.377823°N, longitude 5.325080°E) along Forcados River with a depth of 51, 53, and 56
m respectively all situated around the South Atlantic Ocean in the Nigeria Gulf of Guinea.
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Figure 1. Satellite image showing area of interest for Wave Data extraction

2.2 Data

The data used in this work are significant wave height, zero wave period and mean wave direction
at the horizontal resolution of for the period of ten years (2014 to 2023) obtained from ERAS of the
European Council for Medium Range Weather Forecast (ECMWF). at the horizontal resolution of
0.5° X 0.5° with hourly temporal resolution. ERA5 data is the fifth generation ECMWF reanalysis
for the global climate and weather for the part 8 decades, this data is available from 1940 onwards
and updated daily with a latency of about 5 days to replaces the ERA-Interim reanalysis. Reanalysis
combines model data with observations from across the world into a globally compete and consistent
dataset using the laws of physics called data assimilation based on the method used by numerical
weather prediction centres, where a previous forecast is combined with newly available observations
in an optimal way to produce a new best estimate of the state of the atmosphere analysis from which
an updated and improved forecast is issued.

2.3 Mathematical Equations

The state of the sea or ocean are more understandable based on a factor that represents how the
elevations of the surface of sea were been distributed over various frequency bands (f) as well as
their directions of propagation (6). This factor is known as the directional variance wave density
spectrum which can be written in terms of the combination of two functions given by [29] as:

S(f,0) = s(fID(; f) (1)

Where f is the wave frequency and D (8; f) been the direction of the spreading function. However,
each band of the frequency contained spectral energy within. The quantity of such spectral energy
is shown by the spectrum of the wave frequency (f) . Both the two forms of spectra (directional
spectrum S(f, 8) and frequency spectrum s(f) are related by the expression given by [30] as:

s(F) = [, (Sf,0)do ©)

The moment’s order of nth of the spectral used to obtained a number of parameters of the sea wave
nature characterizing the directional wave spectrum S(f, 8) expressed by [31] as:

2 o)
m, = [ [7S(f,0) dfde 3)
Wheren =-1,0,1, 2, ... ...

2.3.1 Wave Climate Parameters

The wave climate of a specified location describing a state of a sea include five non-directional
wave parameters known as significant wave height H, (the mean wave height of the top 1/3 highest
of the waves), mean wave period T,,, energy wave period T,, peak wave period T, and zero-crossing
wave period T, are expresses respectively by [32] as follow:

Hs = 4\/ﬁo (4)

T = my ®)
T, = aT, (6)
Tp=f,* (7)
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T, = |20 (8)

mp

Where m,, m, and m, are is the zeroth, first and second order moments of the variance density
spectrum defined by [28] as:

mo = [, s(Ndf ©)
my = Jy f2s()df (10)

Tp = f, * been peak wave frequency.

2.3.2 Wave Period Parameter

The parameter « is the coefficient depend on the shape of the wave spectrum. The value of « has
been estimated by the Atlantic Marine Test Site in Ireland for the Exploitation of observation to be
0.8 [33]. Another approximation was given by Pierson-Moskowitz spectrum to be 0.89 [34]. Also,
analytical derivation of a JONSWAP spectrum with peak enhancement (y = 3.3) proposed value
given as 0.9 [35]. Exploitation made by NOAA observations within the North-West Atlantic
referred the value to be €[0.29; 1.5] [36]. Other approximations for « include 1.09 [37] and 0.90
taken recently [38]. However, 1.3 will be considered in this study as recommended for Nigeria [39].
Thus equation (7) becomes:

T, = 1.37, (11)

The state of the sea wave is also described by the directional wave parameter called the mean wave
direction, which is the most widely used given by [40] as:

O =myt [ [ 05(f, 0)dfdo (12)
With S(f, 6) defined by equation (1)

2.3.3. Wave Energy and Power Density

The primary aims in assessing the wave energy potential for electricity generation include the wave
power density which could be obtained by expressing the available data from either In-situ
measurement, satellite measurement or numerical modelling [41]. Power is the rate at which work
is done by pressure forces or the rate at which energy is transported. The wave power density can
be calculated from equation (13) given by [42] as:

1 (T 0
P= Ffo J_,(p + pgh)vdtdh (13)

Where T is the wave period (S), t is the time (s), v is the velocity of the wave (m/s), h is the depth
of the water (m), p is the sea water density (kg/m?), P is the pressure (pa).

The power P and wave energy transport per unit crest length E (KW/m) are related by the expression
given by [40] as:

P=E; =EC, (14)

Where C4the rate at which energy is transmitted called group velocity and can be expressed by the
equation given by [41] as:
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C, = GC(I + G)) (15)
The factor G which can be expressed as:

2kh
G = sinh(kh) (16)

G Depends on the water depth, h (m) and wave number, (k = 27” (m‘l)). C is the phase velocity
(m/s).
Where E; is the mean energy flux which is equal to the product of the mean energy density and

group velocity. Also, the wave energy transport per unit crest length E (KW/m) can be expressed
using equation given by [43] as:

E = - pgH? (17)
Equation (14) can now be expressed as:

_ (1 2\ (1 2kh
b= (8 ngS) (2 ¢ (1 + sinh(2kh))> (18)

For deep water wave, the rate at which energy is transmitted, is half of the wave speed ((% > 0.05).

this shows that h — oo and kh > 1. Thus, the wavelength,A and celerity, ¢, can be written by the
expressions respectively given by [44] as:

_ 9T
1= (19)
C = Cd = if (20)

Where T is the period and C, is the celerity for deep water.
The factor G becomes zero (G = 0) and the group velocity,C, simplifies to

_Cq _ gTé
Cg_f‘? (21)

Therefore, the expression for wave power transmitted per unit surface area for crest or deep water
in equation (14) can be express as:

_ B, _ PYPHET?
P=EC,=222¢ (22)

Equation (22) depends on HZ and T2

Despite the fact that equation (22) is been derived for deep water purpose, traditionally, previous
researches has shown that the equation has been applied from transitional to shallow water depth
which could lead to a systematic error of up to 20% [45].

Since the sea water density is assumed to be 1025 kg/m?3, the acceleration due to gravity is assumed
to be 9.81 N/kg, and is also known. Then, the approximate expressions for wave power and energy
densities are written as the state parameter functions in a more explicit way given by [46] as:

P = 0.55H2T, (23)

E = 628.45H2 (24)
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Equation (23) and (24) has been used to calculate the wave power and energy densities for the three
locations with 0.55 and 628.45 as an approximate constant values depth water calculated from (25)
and (20).

3. Results and Discussion

3.1 Data Analysis

3.1.1 Significant wave height, mean wave period and mean wave direction

Table 1 summarized the total amount of significant wave heights data and that of the zero wave
period data as well as their percentages obtained from ERA 5 for the three specified locations
(NDeltl, NDelt2 and NDelt3). The data ranges covered the period of 10 years (from January 2014
to December 2023). The scattered tables showing the joint relative frequency of occurrences and
distributions directional unresolved sea water states between the significant wave heights and mean
wave periods for NDelt1, NDelt2 and NDelt3 stations were also been displaced

Table 1. The amount of data (significant wave height and zero wave period) used in the study
from 2013 to 2023 along with their range and average values.

Significant Wave Height (m) Peak Wave Period (s)
Stations Range  Average Amount % of Range Average Amount % of
of data data of data data
NDeltl 0.64-279 171 87071 99.4 3.94-1423 10.78 87071 99.4
NDelt2 0.89-3.01 1.83 87006 99.3 423-11.76 10.33 87006 99.3
NDelt3 0.69-281 1.75 86073 98.3 7.33-12.80 10.18 86073 98.3

Table 2: Wave scatter plot showing the wave occurrence of significant wave height and mean
wave energy for NDeltl

Hp 0 7 207 1810 9064 3513 10313 38844 18832 4347 133 0 87071
3-35 0 0 0 0 0 0 0 0 0 0 0 0 0
2.5-3 0 0 8 42 643 71 3 0 0 0 0 0 767
2-25 0 5 32 265 1059 233 104 119 41 7 0 0 1865
1.5-2 0 2 118 887 3127 287 1030 9862 5765 611 86 0 21776
1-1.5 0 0 46 505 4053 2386 8112 20431 10272 3651 42 0 49588
0.5-1 0 0 3 21 182 536 1064 8432 2754 78 5 0 13075
>05 0 0 0 0 0 0 1 0 0 0 0 0 1

Tp(s) >3 45 56 67 78 89 9-10 10-11 11-12 12-13 13-14 14-15

Table 3: Wave scatter plot showing the wave occurrence of significant wave height and mean
wave energy for NDelt2

Hp 0 40 101 313 1863 6270 30276 42676 3556 1643 220 48 0 87006
354 0 0 O 0 0 0 0 0 0 0 0 0 0 0
335 0 0 O 0 0 3 21 8 1 0 0 0 0 33
253 0 0 O 8 42 643 1876 864 121 78 7 0 0 3639
225 0 1 5 32 265 1650 10159 9032 289 141 21 0 0 21595
152 0 39 94 218 887 2007 10941 28112 1143 464 87 6 0 43998
1-15 0 0 2 55 665 1321 5425 1171 1030 862 105 42 0 10678
051 0 O O O 4 646 1854 3489 972 98 0 0 0 7063
>05 0 0 0 O 0 0 0 0 0 0 0 0 0 0
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Tp(s) >3 34 45 56 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15

Table 4: Wave scatter plot showing the wave occurrence of significant wave height and mean
wave energy for NDelt3

Hp 0 0 142 3330 29487 37887 11793 3430 4 0 86073
3.5-4 0 0 O 0 0 0 0 0 0 0 0 0
3-3.5 0 0 O 0 0 0 0 0 0 0 0 0
2.5-3 0 0 O 0 643 1876 864 121 78 0 0 3582
2-2.5 0 0 0 45 902 3578 9876 2056 523 0 0 16980
1.5-2 0 0 0 97 1318 20754 17987 5614 1909 3 0 47682
1-15 0 0 O 0 321 1425 5671 3030 862 1 0 11310
0.5-1 0 0 O 0 146 1854 3489 972 58 0 0 6519
>05 0O 0 O 0 0 0 0 0 0 0 0 0
Tp(s) >4 45 56 6-7 78 89 9-10 10-11 11-12 12-13 13-14

Table2 shows that out of the total data for both significant wave height and zero mean period, the
sea water state with the greatest correlation occurred at 20431 between the significant wave heights
of 1 to 1.5 m from the direction of south southwest (193° to 222°) and the mean wave period of 10
to 11 s with the mean direction of wave falls between 190° to 219° and 171° to 196° in south
southwest clockwise for NDelt1 station.

Table 3 and Table 4, the greatest occurrences happened to be 28112 between the significant wave
heights of 1.5 to 2 m with the direction of the wave ranging from 196° to 230° (S-SW) and mean
wave period of 9 to 10 s with mean wave direction 174° to 196° (S-SW) for NDelt2 station and
20754 correlation at the significant wave height of between 1.5 to 2 m when the mean wave period
are within 8 to 9 s at NDelt3 station with the wave direction from 201° to 233° south southwest
clockwise. The mean wave period were obtained using fixed parameter (@« = 1.3 ) shown in Table
5, Table 6 and Table 7 for both stations using equation 7 above. However, in Figure 1(a), analyzed
the significant wave height data, for NDelt1 which was 2.64 m in the month of June which is highest
to 0.71 m in the month of January which is lowest with an average data of 1.71 m.

(@) NDelt1 (a) NDelt1
3 15
2.5
2 10
€ =
;:[; 1.5 t&\]
1 5
0.5
0 0
0 1000 2000 3000 4000
0 1000 2000 3000 4000

Ti Hourl
Time (Hourly) ime (Hourly)
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Fig 1: Original time-series of significant wave Fig 2: Original time-series of zero wave period
Height between 2014 and 2023 for (a) NDelt1, between 2013 to 2023 for (a) NDelt1, (b) NDelt2
(b) NDelt2 and (c) NDelt3 and (c) NDelt3

Table 5. Average Monthly significant wave height (m), significant wave height square
(m?), zero mean period (s), mean wave energy (s) for NDelt1

Jin Feb Mar April May Jun Jul Aug Sep Oct Nov Dec Mean

H, 116 144 160 171 207 237 219 195 190 163 153 118 171
H? 135 207 256 293 428 560 479 380 359 267 235 139 3.11
a 13 13 13 13 13 13 13 13 13 13 13 13 13

T, 10.90 10.43 10.75 10.28 10.89 10.88 10.40 10.64 11.26 10.83 10.82 11.21 10.78
T, 1418 1356 13.98 13.37 14.15 14.15 1352 13.83 14.65 14.08 14.07 1458 14.01
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Table 6. Average Monthly significant wave height (m), significant wave height square
(m?), zero mean period (s), mean wave energy (s) for NDelt2

Jan Feb Mar April May Jun  Jul  Aug Sep Oct Nov Dec Mean
H, 119 140 158 184 231 248 224 207 189 172 163 154 1.83

H? 141 196 249 339 535 616 503 430 356 297 266 238 3.47
a 13 13 13 13 13 13 13 13 13 13 13 13 13
T, 993 10.09 1046 9.81 10.56 1054 9.99 10.32 10.97 10.43 10.30 10.54 10.33

T, 1291 13.12 13.60 12.77 13.72 13.71 1298 1341 14.26 13.56 13.39 13.70 13.43

Table 7. Average Monthly significant wave height (m), significant wave height square (m?),
zero mean period (s), mean wave energy (s) for NDelt3

Jan  Feb Mar April May Jun Jul  Aug Sep Oct Nov Dec Mean

Hy 114 131 148 175 218 243 219 201 183 163 153 149 175
H? 128 170 220 3.04 476 589 479 402 335 267 233 223 319
a« 13 13 13 13 13 13 13 13 13 13 13 1.3 1.3
T, 1036 9.67 10.01 10.74 10.47 10.07 10.25 10.00 10.10 9.10 10.71 10.23 10.18

T, 13.47 1257 13.01 1396 13.61 13.10 13.32 13.01 13.13 12.35 13.92 13.29 13.23

Fig 2(a) and Fig 3 (a) indicated the zero wave period and it corresponding mean wave period for
NDeltl station, the zero wave period is from 4 to 14 s with an average of 10.78 s while the mean
wave period ranges from 5.1 to 18.2 s with an average value of 14.01 s. Fig 1(b) indicated the
significant wave height of the NDelt2 station with it minimum value of 0.92 m and reaches its
highest value of 3 m. In Fig 1(c), the least and highest values of significant wave height are 0.69
and 2.79 m respectively for NDelt3 station with the average of 1.75 m shown in Table 7. However,
Fig 2 (b) shows that the zero-wave period was at its peak (14.23 s) and minimum (2.94s) for NDelt2
while Fig 3(b) are the corresponding mean wave periods which are 5.5 s and 15.3 s respectively.
Table 6 shows that the average values for zero wave period and mean wave energy for the NDelt2
station as 10.33 and 13.43 s respectively. However, Table 7 shows the average values for both the
zero wave period and mean wave energy for NDelt3 station within those periods was found to be
10.18 and 13.23 s respectively. Fig 2 (c) and Fig 3 (c) are the scale pictures of zero wave period and
mean wave energy for NDelt3 station with the maximum values of 12.7 and 16.15 s while their
minimum values are 7.34 and 9.54 s respectively.

3.2Wave Power Density and Energy
Fig. 4 shown the wave power in both the three locations experience a strongly fluctuations due to
variations in their corresponding significant wave heights. However, Table 8 shows that the average
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wave power densities for NDeltl, NDelt2 and NDelt3 are 23.69, 25.71 and 23.13 kW/m
respectively. Fig 5(a) shows that the wave power density attended it least value (10.51 kW/m) in
the month of January, then increases significantly from February and attended it maximum value
(43.61 kKW/m) in June and decreases to maintain almost same height in August (28.91 kW/m) and
September (28.93 kW/m) before further declining to its lowest values within December (11.12
kW/m) and January in along NDelt1 station.

However, the other two stations NDelt2 and NDelt3 displaced almost the same scenario (monthly
variations) as that of NDelt1 station in which Fig 5(b) indicated minimum power density of 25.87
KW/m in January and maximum power density of 46.5 kW/m in June for NDelt2, the increment for
the wave power density in Fig 5(b) occurred rapidly from January to June and decrease slowly from
June to December (26.65 kW/m). Fig 5(c) indicates the monthly variability of the wave power
density for NDelt3 at its highest peak within May (43.01 kW/m) and June (43.61 kW/m) with the
lowest value of 9.64 kW/m happened in January. Table 9 shows the corresponding average wave
energy densities for NDeltl, NDelt2 and NDelt3 to be 1954.18, 2196.35 and 2008.64 MWh/m
respectively.

(a) NDeltl
(a) NDeltl 80
20 = 60
2
b = 40
(%) 4
S 10 T 20
e~
> 0
0 0 1000 2000 3000 4000
0 1000 2000 3000 4000 TIME (HOURLY)
TIME (HOURLY)
. (b) NDelt2 . (b) NDelt2
. 60
=
= 40
wv
>
<
20
0
0 1000 2000 3000 4000 0
Time (Hourly) 0 1000 208RIS TIT3E00 4000
(c) NDelts (c) NDelt3
20 30
o 10 = 40
N4
= 5 a 20
O 0
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Fig 3: Original time-series of mean wave Energy Fig 4: Original time-series of wave power density
between 2014 and 2023 for (a) NDelt1, (b) NDelt2 between 2013 to 2023 for (a) NDeltl, (b) NDelt2
and (c) NDelt3 and (c) NDelt3
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Table 8: Monthly average wave power and energy density for NDeltl, NDelt2 and NDelt3

Months NDeltl  Station NDelt2 Station NDelt3 Station

Power Energy Power Energy Power Energy

Density

(kW/m)  ( MWh/m) (kW/m)  ( MWh/m) (kw/m)  (MWh/m)
Jan 10.51 846.03 10.02 883.54 9.61 866.03
Feb 15.41 1258.74 14.16 1246.86 12.25 1072.99
Mar 19.69 1546.78 18.29 1568.94 16.16 1382.28
Apr 21.52 1837.64 23.81 2135.81 20.67 3002.41
May 33.29 2695.84 40.33 341151 34.79 3697.91
Jun 43.61 3522.25 46.45 3973.18 43.60 3009.21
Jul 35.64 3007.31 35.94 3153.04 33.12 2247.34
Aug 28.91 2389.27 31.70 2368.38 28.77 1679.23
Sep 28.94 2258.75 27.91 2583.91 25.64 1679.23
Oct 20.67 1679.85 22.16 1475.68 19.27 1917.40
Nov 18.18 1477.39 19.58 1671.64 16.66 1464.45
Dec 11.12 930.35 17.91 1883.77 17.11 1401.13
Mean 23.96 1954.18 25.71 2196.35 23.13

3.2.1 Seasonal Wave Power and Energy variability

Fig 6(a) indicated the seasonal variation of the wave power density for NDelt1 station, the largest
wave power density occurred in summer (36.01 kW/m) and least in winter (12.35 kW/m) while
spring and autumns has the wave power density of 23.84 kW/m and 22.29 kW/m respectively. Fig
6(b) is the seasonal chart for NDelt2 station with wave power density of 27.1 kW/m in winter, 43.38
kW/m in summer, 37.51 kW/m in spring and 20.52 kW/m in autumns. The seasonal variability of
wave power density for NDelt3 station has been indicated in Fig. 6(c) were the summer (35.16

kW/m) and spring (23.86 kW/m) has the highest values than during the winter (12.99 kwW/m) and
autumns (20.52 kW/m) season

Wave energy resources in Delta state.

Adequate wave energy resources in a place played a significant role in setting up a wave power
plant at reduced cost. The wave energy reserve pave way greater wave power assessment of a
particular area [26]. when the wave energy reaches p = 2 kW/m in a specified area , then the power
is said to be available and P > 20 kW/m shows that the resources is rich in the area [42, 30, 29].
Each of the NDelt1, NDelt2 and NDelt3 stations has shown in Table 17 to have wave energy density
of above P > 20 kW/m, with the total wave power density for both NDelt1, NDelt2 and NDelt3 as
72.79 kW/m and wave energy density of 6159.17 MWh/m respectively. Thus, the research shows
enormous resources to be available in those areas and will be enough to generate electricity for the
nearby communities if appropriate wave energy converters were been installed
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Table 9: Total wave power and energy resources for NDeltl, NDelt2 and NDelt3

Points Average Power (KW/m) Average Energy (MWh/m)
NDeltl 23.96 1954.18
NDelt2 25.71 2196.35
NDelt3 23.13 2008.64
Total 72.79 6159.17

4. Conclusion

Wave power potentials for three locations on the sea water area of Delta state were been determined.
The areas are NDeltl, NDelt2 and NDelt3 river bars. Ten years (2014 to 2023) significant wave
heights and zero mean periods and directions data at the horizontal resolution of 0.5° X 0.5° with

141



Muhammed K. Abdulkadir et. al./ Journal of Energy Technology and Environment
6(4) 2024 pp. 129 - 144

hourly temporal resolution and in GRIB file format data were been obtained from ERA5 of the
European Council for Medium Range Weather Forecast (ECMWEF).

The significant wave height data were been analyzed and the average values for NDeltl, NDelt2
and NDelt3 stations are 1.71, 1.83 and 1.75 m respectively. The mean wave energy was estimated
using zero wave period obtained from ERAS data and the average value of the mean wave energy
for NDeltl point is 14.01 s, NDelt2 is 13.43 s and NDelt3 is 13.23 s. The wave power density has
also been estimated from the significant wave height and mean wave energy using deep water
equation written in equation 7, this is because all the areas fall into deep water categories. However,
the wave power densities for both locations attend their greatest values during summer and lowest
during winter. During the summer period, the average wave power density for NDeltl station is
36.01 kW/m, 43.38 kW/m for NDelt2 station and 35.16 kW/m for NDelt3 station. While NDelt1
station witnesses an average wave power density of 12.35 kW/m, NDelt2 (27.1 kwW/m) and NDelt3
(12.99 kW/m) during winter period. The total average values for the wave power density for ten
years (2014 to 2023) is found to be 23.96, 25.71 and 23.13 kW/m for NDelt1, NDelt2 and NDelt3
stations respectively. Thus, NDelt 2 displaced the highest wave power and energy resources as
compared with that of the NDelt 1 and NDelt 3 respectively. Although, all the three points selected
for the research shows that the wave power resource for electricity generation is available in the
Delta state of Nigeria along the Gulf of Guinea.

4.1 Recommendation

Since only three locations were been considered in this work, more assessments are required to be
carryout for different locations to discover more wave power resources in Nigeria. Work on the
performances of the wave power energy and economic analysis for the areas should also put into
considered in further research.
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