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Abstract: This study assessesed the wind energy potential in the Bien Dong Sea by using the Cross-
Calibrated Multi-Platform (CCMP) satellite wind data from 1991 to 2020. The results showed that the
wind energy potential at 10 m height above ground is not high in the offshore areas with annual mean
wind speeds ranging from 5 to 8 m/s. At heights of 100 m, 150 m, and 200 m, the greatest wind energy
potential is found in the offshore areas of the North Bien Dong Sea Region, Binh Dinh - Ninh Thuan,
Binh Thuan - Ca Mau, and the central part of the Gulf of Tonkin. Especially, the wind energy is quite high
in the Sea of Ninh Thuan to Ba Ria - Vung Tau with annual mean wind speeds of 8 to 10 m/s, and the
annual mean wind power density of 500 to 700 W/m? at a height of 100 m. On the seasonal scale, the
wind energy potential of January and October is greater than that of April and July for the Northern
offshore areas while the wind energy potential of January is the greatest, followed by July and transition

months for the southern offshore areas.

Keywords: Wind energy, potential, high distributions, wind potential, Bien Dong Sea.

1. Introduction

In recent years, traditional energy resources
have become increasingly scarce due to economic
development and the increasing population.
Therefore, to develop renewable energy sources
in general and wind energy in particular for any
country, it is necessary to study and evaluate the
theoretical wind energy potential as well as its
characteristics and evolution pattern. Besides,
compared to wind energy on land, offshore
wind energy is a renewable energy source with
outstanding advantages as it is possible to install
offshore wind farms over a large area of the sea.

The term "wind energy" describes the process
of using wind to produce mechanical energy, and
it is the kinetic energy of air moving through the
Earth's atmosphere [10, 11, 12, 13]. Wind energy
is widely used, sustainable and little impact on
the environment, and the development of wind
energy is considered one of the most important
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solutions to mitigate global climate change [1,
16, 20, 24].

Up to now, the Atlas of wind energy for the
region as well as for countries around the world
[18, 19, 22, 23, 28] has been built to serve the
growing needs of development and energy
consumption. Notably, in the wind energy
resource assessment project funded by the
World Bank (WB), the US TrueWind company
(2001) built a wind energy atlas for Southeast
Asia, including Viet Nam [28] and in 2018 the
Danish University of Technology collaborated
with other organizations to build a global wind
Atlas (maps of wind speed and wind energy
density at the heights of 50 m, 100 m and 200
m) [23]. The atlas was generated using the WRF
model at 3 km resolution and then scaled down
to 250 m resolution using the Wind Map Analysis
and Application Program (WAsP). The maps
have provided a panoramic view of wind energy
resources for Viet Nam both on land and
offshore. However, to exploit wind energy or
assess wind energy potential for Viet Nam, a
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more detailed analysis from different types of
data such as satellite images, modelling data and
for additional height levels is required.

Viet Nam is located in the Asian monsoon
with a wide sea and coastal area, so the potential
for wind energy is abundant. According to
the survey results of the Energy Assessment
Program for Asia of the World Bank (WB) [29,
30], Viet Nam has the largest wind potential in
Southeast Asia with a total wind power potential
estimated at 513,360 MW, 200 times more than
the capacity of Son La hydropower and more
than 10 times the total forecasted capacity of
Viet Nam's power industry in 2020.

Studies on the assessment of wind energy
potential has been carried out since several
decades in Viet Nam [2, 3, 7, 8, 10, 13, 14],
typically as a state-level study in the period 1996
- 2000: “Strategies and policies for sustainable
energy development”. This study gave the
general assessment that wind energy in Viet
Nam is low but better in islands, coastal areas,
and some places with topographic wind [13].
Ta Van Da (2006) used the Weilbull distribution
function to calculate wind energy density and
the logarithmic function to interpolate altitude
levels. The results produced a set of atlas of
wind energy for the typical months of the
year at different altitudes in the territory of
Viet Nam including the coastal zone [10] Bui
Van Dao (2008) used wind data at an altitude
of 10 m, which is measured from Nasa's
QuickBird satellite in the period 2000 - 2007
to assess wind potential in the Bien Dong
Sea. The results showed the greatest wind
potential in the North Bien Dong Sea and coastal
zone from Ninh Thuan province to Ca Mau
province. Nguyen Manh Hung et al. (2010) made
a relatively complete assessment of Viet Nam's
marine energy resources “Research and evaluate
the potential of marine energy sources and
propose solutions for exploitation” [7]. In which,
the sea areas assessed of having a remarkable
density of wind energy resources are the Gulf
of Tonkin, and the middle and southern areas of
the Bien Dong Sea. From an altitude of 80 m, the
area extending along the Northeast - Southwest
from the Taiwan Strait to the south Bien Dong
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Sea has high wind power potential, reaching
300 - 600 W/m?, especially the South - Central
Coast region has a center with the power density
of 400 - 600 W/m?2. In addition, in the Gulf of
Tonkin, there is also a center with a power
density of 300 - 400 W/m?.

Recently, a remarkable study has applied a
WRF model to simulate wind energy resources
at a resolution of 10 x 10 km in the period 2006
- 2010 in the Bien Dong Sea. The results showed
that the wind energy potential was significantly
higher than that in previous studies, with the
wind power density distribution of 500 - 1400 W/
m?2. Many sea areas have a high density of wind
energy, notably the Gulf of Tonkin, the Hoang Sa
and Truong Sa archipelagoes of Viet Nam, the
middle of Bien Dong Sea and the South - Central
Coast [17].

Thus, the research results are consistent with
the potential areas of wind energy in the sea
region of Viet Nam. However, there is difference in
values between recent studies compared to those
before 2010, even the wind energy potential
of later studies is higher, even 2 times higher in
some places than before. The reason may be due
to the following: (1) The data used is re-analyzed
data with raw resolution or the wind monitoring
data series is not long enough and not detailed;
(2) Not yet applied high-resolution numerical
model and new generation satellite and radar
data; (3) Not using many estimation algorithms
for evaluation and comparison. Therefore, it is
necessary to study using new data sources such
as satellites and radars in combination with
high-resolution computational models.

This study presents the results of research on
assessing wind energy potential in the Bien Dong
Sea based on re-analyzed data sources corrected
from CCMP satellite data. Research results for
renewable energy development towards Viet
Nam's net zero commitment at COP 21.

2. Data and Methodology

2.1. Data

CCMP satellite data for the period 1991 -2020
was used to calculate wind energy potential in
the Bien Dong Sea. The 0.25° high-resolution
CCMP dataset was built based on the surface




wind field of ERA-Interim data (European Center
for Medium-Term Forecasting) combined and
corrected from satellite winds such as SSM/I,
SSMIS, AMSR, TMI, WindSat, and GMI and
other observations through the use of variance
analysis methods (VAM). All wind observation
and model analysis are referenced to a height
of 10 meters. The CCMP data is available from
1987.

2.2. Methodology

a. Calculation of wind distribution

In this study, the theoretical wind potential
at the altitudes of 10 m, 50 m, 100 m, and
200 m over the Bien Dong Sea is analyzed and
assessed by regions as shown in Figure 1.

Currently, due to the limitation of Aero

meteorological stations, the high wind speed
is indirectly determined by the distribution
function of altitude based on ground wind
monitoring. The distribution of wind by altitude
in each area, or at each specific time depends
not only on the roughness of the terrain but
also on the stratosphere of the atmosphere and
other factors. Many studies in the world as well
as in Viet Nam have used the logarithmic rule to
estimate indirectly wind distribution according
to altitude [6, 9, 10, 12, 25, 27]. Studies show
that using a logarithmic distribution function
suitable for atmospheric wind speeds from the
ground to an altitude of about 100 m [9, 10, 12].
Therefore, the logarithmic function is chosen as
the method to calculate wind distribution.
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Figure 1. Bien Dong Sea zoning for wind energy potential assessment (based on the map taken
from https://www.nchmf.gov.vn/kttv/)

If the wind speed V, at height Z is known,
the wind speed Vz can be calculated at height Z
according to the following formula (1):

V. _In(z/z,)

Vi Inz/z,)’

_y Intz/z,)

: In(z,/z,) (1)

In which, V, is the wind speed is
calculated at the height Z, V, is the ground
observed wind speed, Z, is the altitude of
the ground anemometer (Z, = 10 m), Z is the
roughness of the surface (for study area, the Z_

is 0.0002).
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Because Z > Z so V, >V, or wind speed
increases with altitude. In addition, the
maghnitude of the increase in wind speed with
altitude depends on the roughness of the surface
(,). When the roughness of the surface is larger,
the wind speed at the height is calculated (V)
increases faster.

b. Calculate wind energy density

Average wind energy density E (W/m?) at a
place in time (t) (year, season, month...) calculated
according to the formula (2) [10, 12, 15, 17, 25,
26, 31, 32]:

1 1,
_1 : 2
2PNZV’ 2)

In which, p is the air density, assumed to be
a constant 1,225 kg/m?, v, is the instantaneous
wind speed (m/s), and N is the sample capacity.

Thus, wind energy is a quantity derived from
wind speed and depends only on wind speed, so
wind speed studies are the basis for assessing
wind potential.

3. Evaluation of wind energy potential in the
Bien Dong Sea

3.1. Wind speed distribution

At of 10 m altitude, the annual average wind
speed (Figure 2a) over the Bien Dong Sea is
common at 5 - 8 m/s. At offshore, the highest
wind speed is in the North of Bien Dong Sea
(common 6 - 8 m/s) and has a decreasing trend
towards the south. In the coastal zone, the wind
tends to be strongest in the sea from Binh Dinh
to Ca Mau province with a common wind speed
of 6 -8 m/s.

For seasonal distribution (Figure 3), the
average wind speed over the Bien Dong Sea is
highest in January (6 - 11 m/s) and lowest in
April (3 - 7 m/s). In the northern seas region
(Northern Gulf of Tonkin, Southern Gulf of
Tonkin, Quang Tri - Quang Ngai Sea, and North
East Sea) the wind speed in January and October
is higher than that of April and July (the average
wind speed of January, April, July, and October
is6-11m/s,4-7m/s,5-7m/s, 5-10 m/s
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respectively). In the southern sea region (from
the coast of Binh Dinh to the south, in the middle
and south of the East Sea), the highest wind
speed in the main winter month (6 - 11 m/s in
January), the lower in the main summer (5 - 9
m/s in July) and transition (3 - 6 m/s in April and
4 -7 m/s in October).

The height distribution of monthly, seasonal,
and yearly average wind speeds at the altitude
of 100 m, 150 m, and 200 m over the sea region
of Viet Nam is similar pattern at the height of
10m, but the wind speed has a larger value and a
wider range.

Overthesearegions, the wind speed at 100 m
altitude is about 1-2 m/s higher than atthe 10 m
altitudes. The average annual wind speed
(Figure 2b) is common from 8 - 10 m/s in the
North East Sea, 7 - 9 m/s on the coast of Binh
Dinh to Ninh Thuan province, and from 7 - 10
m/s on the coast of Binh Thuan to Ca Mau
province. In the coastal area from Ninh Thuan to
Ba Ria - Vung Tau province, where the two sea
regions intersect, the average annual wind speed is
generally 8 - 10 m/s. In addition, a very small sea
area in the center of the Gulf of Tonkin has an
annual average wind speed of 8 - 9 m/s. Wind
speed in January, April, July, and October is
respectively 7-13 m/s, 5-8 m/s, 6 - 9 m/s, and
7 - 12 m/s in the northern sea region; and is
respectively 8 - 13 m/s, 4-7 m/s, 6 - 11 m/s and
6 - 8 m/s in the southern sea region (Figure 4).

From 100 m altitude and above, wind speed
tends to increase more slowly than at low levels.
The average monthly and yearly wind speeds at
150 m are generally approximately the same
as those at 100 m, but the range of high wind
speeds is wider. Wind speed at 150 m altitude
is about 1 m/s higher than 100 m, which occurs
only in a few sea areas at certain times, such as
the Gulf of Tonkin (7 - 10 m/s), Ninh Thuan to Ba
Ria Vung Tau province in January (11 - 14 m/s),
July (8 - 11 m/s), and Bien Dong Sea in October
(8-13 m/s).

At 200 m altitude (Figure 2d, Figure 6), the
monthly and yearly average wind speeds over
the sea regions are similar to those at 150 m.
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Figure 2. Maps of the distribution of annual average wind speed (m/s) over the Bien Dong Sea at elevations
of 10 m (a), 100 m (b), 150 m (c), and 200 m (d), period 1991 - 2020
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Figure 3. Maps of the distribution of average wind speed (m/s) in January (a), April (b) over the Bien Dong
Sea at the altitude of 10 m, period 1991 - 2020
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Figure 3. Maps of the distribution of average wind speed (m/s) in October (d) over the Bien Dong Sea at the
altitude of 10 m, period 1991 - 2020
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Figure 4. Maps of the distribution of average wind speed (m/s) in January (a), April (b), July (c), and October
(d) over the Bien Dong Sea at the altitude of 100 m, period 1991 - 2020
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Figure 5. Maps of distribution of average wind speed (m/s) in January (a), April (b), July (c), and October (d)
over the Bien Dong Sea at the altitude of 150 m, period 1991 - 2020
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Figure 6. Maps of the distribution of average wind speed (m/s) in January (a), April (b) over the Bien Dong
Sea at the altitude of 200 m, period 1991 - 2020
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Figure 6. Maps of the distribution of average wind speed (m/s) in July (c), and October (d) over the Bien Dong
Sea at the altitude of 200 m, period 1991 - 2020

3.2. Evaluation of wind energy potential
according to wind energy density

The annual mean wind energy density (E)
at the altitude of 100 m (Figure 7a) is common
from 200 W/m? to 800 W/m? offshore, of which
the largest found in the Bien Dong Sea (300 -
800 W/m?). In the coastal areas, the highest E
distribution tends to the south, belonging to the
sea areas of Binh Dinh to Ninh Thuan province
(common 300 W/m? to 600 W/m?) and Binh
Thuan to Ca Mau province (from 300 W/m? to
700 W/m?); in which concentration is highest in
coastal areas from Ninh Thuan to Ba Ria - Vung
Tau province from 500 W/m? to 700 W/m?.

Similar to wind speed pattern, the wind
energy density in the Bien Dong Sea at the
height of 100 m is the highest in January (from
300 W/m? to 1300 W/m?) and the smallest in
April (from less than 100 W/m? to 500 W/m?).
In the Northern Sea regions (Gulf of Tonkin, the
sea region of Quang Tri to Quang Ngai province,
and North of the Bien Dong regions) wind
energy density is the highest in January and
October with values of 300 - 1300 W/m?, 300 -
1200 W/m? respectively, and the lowest in April
and July with values below 100 - 500 W/m?,
100 - 400 W/m? respectively. In the Southern
coastal sea regions (Binh Dinh province to the
South, the Middle and South East Sea regions),
the wind energy density is highest in the main
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winter month (January) and lower in the
summer months and transition months. The
average wind energy in January, April, July, and
October is 300 - 1300 W/m?, less than 100 -
300 W/m?, 200 - 700 W/m?, and 100 - 400 W/m?,
respectively.

The altitude distribution of average annual
and monthly wind energy density at 150 m, and
200 m altitude over the Bien Dong Sea is similar
to its distribution pattern at 100 m altitude. The
annual average wind energy density tends to
increase with height, and the range of areas
with high wind energy density values also tends
to expand. The seasonal distribution of wind
energy density at different altitudes is similar to
that of 10 m.

At the 150 m height, the annual average
wind energy density ranges from 200 - 900 W/
m?; which is common from 300 - 900 W/m? in
the Bien Dong Sea Region, from 300 - 700 W/
m? in the sea region of Binh Dinh province to
Ninh Thuan province, 300 - 800 W/m? in the sea
region of Binh Thuan province to Ca Mau
province and from 500 - 800 W/m? in the sea
area between Ninh Thuan province and Ba Ria -
Vung Tau province (Figure 7b). These are also sea
areas that clearly show the law of wind energy
density increasing with altitude. At the seasonal,
wind energy density in the months at 150 m
altitude is approximately 100 m over most
of the Bien Dong Sea Region (Figure 9). The




difference in monthly values of about 100 W/m?
compared to 100 m only occurs in the sea region
from Ninh Thuan province to Ba Ria - Vung Tau
province in January, July, and the Bien Dong Sea
Region in January and October.

At the of 200 m altitude, the annual average
wind energy density is approximately 150 m in
most sea areas. The most obvious difference
is that the value of 900 - 1000 W/m? appeared
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in the Bien Dong Sea Region, but only in a very
small area (Figure 7c). At the monthly scale
(Figure 10), the wind energy density at an
altitude of 200 m is about 100 W/m? higher than
the 150 m level in the sea region of the Gulf of
Tonkin in all months, the Bien Dong Sea Region
in January, October; the central Bien Dong Sea
Region in January; and Ninh Thuan province to
Ba Ria - Vung Tau province in January and July.
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Figure 7. Maps of the annual average distribution of wind energy density (W/m?) at altitudes of 100 m (a),
150 m (b), and 200 m (c), period 1991 - 2020.
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Figure 8. Maps of the average distribution of wind energy density (W/m?) in January (a), April (b), July (c),
and October (d) over the Bien Dong Sea at an altitude of 100 m, period 1991 - 2020
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Figure 9. Maps of the average distribution of wind energy density (W/m?) in January (a), April (b) over the

Bien Dong Sea at an altitude of 150 m, period 1991 - 2020
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Figure 9. Maps of the average distribution of wind energy density (W/m?) in July (c), and October (d) over the
Bien Dong Sea at an altitude of 150 m, period 1991 - 2020
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Figure 10. Maps of the average distribution of wind energy density (W/m?) in January (a), April (b), July (c),
and October (d) over the Bien Dong Sea at an altitude of 200 m, period 1991 - 2020
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5. Conclusion

The results of the assessment of wind
distribution and wind energy density at altitudes
from CCMP satellite data in the period 1991 -
2020 show the potential of wind energy over
the Bien Dong Sea area as follows:

At the 10 m height, the wind potential is not
high over the Bien Dong Sea with an annual
average wind speed from 5 m/s to 8 m/s.

At an altitude of 100 m, 150 m, and 200 m, the
sea areas with the best potential for wind energy
are the Bien Dong Sea Region, the sea from Binh
Dinh province to Ninh Thuan province, the seas
region from Binh Thuan province to Ca Mau
province, and the small area of the central seas
inthe Gulf of Tonkin, with wind speed and annual
wind energy density respectively: 7 m/s - 10
m/s, 400 W/m? - 800 W/m?, 7 m/s - 9 m/s;
300 W/m? - 600 W/m? 7 m/s - 10 m/s; 300

W/m? - 700 W/m?2. In particular, the potential
for wind energy is quite good in the coastal area
from Ninh Thuan to Ba Ria - Vung Tau with an
annual average wind speed of 8 m/s to 10 m/s,
and an average annual energy density of 500 W/
m? to over 700 W/m? at an altitude of 100 m.

The annual average wind energy density
at heights of 150 m, and 200 m over most sea
areas is approximately the same as that of wind
energy at 100 m heights, except for the Bien
Dong Sea Region and the sea region from Ninh
Thuan province to Ba Ria - Vung Tau province.
However, the area of high value of wind energy
potentials tend to expand with height.

The wind power potential in January,
October is greater than that in April, July for the
northern offshore areas while the wind power
potential in January is the greatest, followed
by July and transition months for the southern
offshore areas (from 15 °N to the southern).
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